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THE

EDINBURGH ENCYCLOPiEDIA.

F U C I.

Fuci. J. HE Fuci constitute a tribe of plants commonly inclu-
'^'y^ ded, along with Ulvaj and Marine Confervae, under the

more general title of Submersed Algae, or Thalassio-

phyta, (from tahata-THf marine, and cpvroi a plant),

and well known in this country by the popular name
of Sea Wfipfls, (a familiar appellation whicn we shall

not scruple to employ). In Scotland, the name wrack
(probably from the French varec) is often applied
to tliose fuci which are cut on the shores for the
manufacture of kelp. In the Sexual System, the fuci

form part of tlie third order. Algae, of the last class

Cryptogamia ; an order in which Linnaeus included
Jungerniannia, and the other genera now denominated
Hepaticae. In the system of Tournefort, they form
part of the second section, Plaiilce maraice, &c. of the
l7th class, AspernxB vulgo habilw. The word Jitcits,

{(pvKtf), which means a paint, may be supposed to al-

lude to the quality possessed by some of the small red-

dish species, of affording a sort of rouge,

liances. ^* '* n°t ^^^y ^ class the thalassiophytes with any of
the families of land plants. In the most recent syste-

matic works, they are placed after the Tremella?,

with which they are connected by the Ulvae. To
the Lichenes, which follow them, they are more close-

ly allied : So great is the affinity of one little species,

Fucus pygmaeus, • that in the Flora Danica it is de-
scribed by the name of Lichen confinis, and in the
Methodus Lichenum of Ur Acharius, as a Stereocaulon.

The general resemblance between the rein-deer lichen

and two plants figured by Mr Turner, in his History of
Fuci, F. viscidus, t. llf), and F. amphibius, t. 109, is

striking ; and the rarauli of F. Chenmitzia, (t. 200),
greatly resemble the shields of Parmelia perforata ele-

vated on peduncles. If more illustration be wanting,
it may be noticed, that four different species of sea-
weed have, at different times, on account of their si-

milarity to lichens, received the trivial name of li-

chenoides.

In some of the fuci, other striking resemblances to
certain land plants may be traced ; but these are of
no importance towards their classification. To creep-
ing land planU, they are allied by a curious family,
known by the title of Caulerpae, to be afterwards

• Excellently figured in I.ightfoofs Flora SfOtiea, p. 564, t, S2
«gurc of It is, in general, referred to>.
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described. In general appearance, some fuci resemble Furi,

filices, and others musci : F. membranaceus, {Turn. '^^'V^
t. 158), and F. Woodwardia, {Ner. Brit. p. 13, t. 6),

are very like ferns of the genus Woodwardia ; and the
frond of F. scalpelliformis, {Turn. t. 174), has a great

similarity to some mosses of the genus Fissidens.

With the animal kingdom, sea-weeds are connected
by F. tomentosus, and F. bursa,

(
Turn. t. 135, 6',)

both of which resemble sponges in imbibing water,

and giving it out on being pressed ; and also in emit-

ting a peculiar disagreeable odour a few hours af-

ter being taken from the sea. F. bursa, indeed, is

classed, both by Linnoeus and Pallas, as a zoophyte.
F. simpliciusculus of Turner, (t. 175), and F. lycopo-
dium, (t. 199), approach very near to that class of
beings ; but, of all others, a small caulerpa, found by
Mr Brown in King George's Sound, attached to my-
tili, and lately figured by Turner, under the title of
F. peniculus, (t. ii'28), forms a link that most close*

ly unites sea-weeds to the animal kingdom.
If it is a difficult task to distinguish and arrange the

vegetable pi'oductions of the surface of the earth, which
can be examined at all seasons, the difficulty is evi-

dently greatly increased in regard to marine plants.

In these last the organization is more simjile, and con-
sequently they exhibit fewer distincti\e ciiaracters;

and their place of growth almost precludes the pos«
sibility of watching their progress anci reproduction.

Those best able to delineate their characters are often

situated at a distance, and must decribe from the exa-

mination of specimens not always judiciously selected

by others ; frequently from such as are torn from the

rocks, and thrown ashore in storms, when the root or

means of attachment is generally wanting.
The older botanists, such as Clusius, the Bauhins, History

Barrelier, and Morison, contented themselves with gi-

ving very short descriptions, or a few figures of sea

plants. About the year 1711, Reaumur first examined Reaumi-.

the parts of fructification in some fuci. He fell into a
mistake similar to that which long prevailed concern-

ing the seeds of i'erns and mosses ; in considering as

seeds what are truly capsules, or tubercles, containing

seeds. The opinions of Reaumur seem to have been

ITbe first time that any species of fucus U mentioned, a goo.^
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almost Implicitly adopted by botanists down to the dose
of the 18th century. The celebrated Linnseus had too

much to do in reforming the arrangement of phaenoga-

mous plants, to pay very great attention to the cryptoga-

niia. His situation at Upsala was certainly not favour-

able for the investigation of the submersed algae, and his

lierbariuin contained but comparatively a few species;

yet he described near 60 species offuci. In 1768, Gmelin
published, in -ito, his Historia generaiis el specialis Fuco-

rum, a work in which he not only collected whatever
was previously known, but added very considerably to

the stock of knowledge. Indeed, considering it as the

first general work on this branch of natural history, the

autlior deserves great praise. He divided the plants of

which he treated into nine orders : Vesiculosi, Globu-
iiferi, Penicilliferi, Corallini, Membranacei, Radicati,

Agara, Tremelte, and Ulva;. He described 101 spe-

cies ; of which number he considered 37 as new, for he
gives no synonimes with them. Linnseus's name is gi-

ven to 27 species only. His nations, in general, con-

cerning the fructification of fuci, and particularly the

supjMJsition of unisexual and asexual plants, were ra-

ther crude, and have not been adopted.

The numerous fuci which inhabit our own shores, have
Ijeen gradually illustrated by a series of writers since

the day» of Hay, who enumerated a good many in his

Smwpsis. Those kinds of algae which Dillenius con-
sidered as entitled to a place in his Historia Muscorum,
which were chiefly Confervae, he arranged according
to general habit and structure. But in the minute
kinds, the want of a microscope has often led him into

error; for instance, to describe as jointless, plants in

which the dissepiments are obvious under an ordinary
Withering, lens. Withering, in his Arrangement of British Plants,

gives descriptions of a number of species. He subdi-
vides the genus into several sections : those with blad-
ders ; with pod-like leaves ; necklace-like, or jointed

;

flat ; cylindrical ; and capillary : the flat he farther dis-

tinguishes as either mid-ribbed or ribless ; and these he
Still further separates, as either opake or pellucid :

both the cylindrical and capillary he likewise sulxli-

vides by the same character of opake and pellucid.

Hudson, in his Flora Anglica, is remarkable for care

and accuracy ; in evidence of which it may be men-
tioned, that his nomenclature is seldom altered by
that most scrupulously exact naturalist Mr Turner
of Yannouth, in his writings on this branch of na-
tural history. The descriptions of Lightfoot, in his

Flora Scotica, when made from specimens picked up
by himself, and examined on the spot, are highly cha-
racteristic and luminous. The Nereis Britanntca of

Stackhousc Stackhouse, which appeared, in fasciculi, between 1795
and 1 802, has very considerable merit. The author had
good opportunities of examining the English sea-weeds,
as he resided on the shores of Cornwall. He divided
the genus Fucus into several genera, chiefly accord-
ing to the fructification ; and although he was but
imperfectly acquainted with this, his arrangement
deserves attention, and shall be afterwards detail-

ed. Major Velley's figures, which are highly finish-

ed, and his dissertation on the propagation of fuci, do

Goodcnough '^'"J
^^^* "*''''.• '" the third volume of the Trans-

and Wood- actions of the Linnean Society, the Bishop of Carlisle
and Mr Woodward not only gave a most accurate
summary of the state of knowledge with regard to
British fuci; but added several new species, and
amended the specific characters of others. In the
course of editing the extensive periotlical work English
Botany, Sir James Edward Smith likewise added se-
veral new species to the list. In 1802, Mr Dawson

I'uci.

Hudson.

Lightfoot.

Velley.

ward.

lir J. E
Smith.

Turner, of Yarmouth, produced his Synopsis of British

Fuci, a valuable little work, which gave the most en- iTT"''""
couraging earnest of what might be expected from this

writer, in his great work on fuci, then only pro- Turner,

jected, but the publication of which is now consider-

ably advanced.

In the Philosophical Transactions for 1 796, M. Cor- correa da

rea da Serra, a Portuguese naturalist of merit, publish- Scrra.

ed his remarks on the fructification of tliose fuci which
are furnished with distinct receptacles. In the fol-

lowing year, Dr Albert William Roth of Bremen pub- Roth,

lished iiis Bemerkungea uher dat StuJium der cryploga-

mischen Wassergeivtichse, in which he divided cryptoga-

mic water plants into new genera, to be afterwards

mentioned. In the Catalecta Botanica of the same
writer, considerable additional liglit has been thrown
on marine plants, particularly by the communications
of Professor Mertens of Bremen, characterised by Mr
Turner as one of the most able algologists of the pre-

sent day. Professor Esper's Icones Fncorum cum cha- Espev.

racteribus sysleinnticis, Sfc. in 4to. appeared in 17.^9.

It is a useful work, though, as the autlior described

and figured from dried specimens only, both his de-

scriptions and representations are occasionally imper-
fect and unsatisfactory. Professor Weber and the late Weber

l)r Mohr, in their Beitrage zur Nalurkunde, have en- Mohr.

deavoured to subdivide the genus Fucus by the charac-

ter and disposition of tlie seeds ; and in the course oi

this attempt, have made many excellent observations on
this tribe of plants. In 1803, Baron Xavier du Wulfen Wulfen.
published a little work, entitled Cryptogamiu Aquatica,

containing some useful information concerning fuci. In

the Flora Danica, published in folio, at the expence of

the Danish government, ( a lesson to governments that

are more rich and powerful,) a number of fuci, from
the shores of the Baltic, and likewise from the distant

settlements ofthat industrious nation, have been figured

and described by the successive editors, Oeder, Vahl,
and Hornemann. Several other foreign writers have,

at various times, contributed to a general knowletlge
of fuci ; particularly the Count Ginanui Kavennate,
Bishop Gunner in his Flora Norvcgica, Rumphius in

his Histmy of Amhoyna, Seba in his Thesaurus, and
Forskael in the Flora Mrsyptiacn-Arahica.

The French have of late distinguished themselves in French
this branch of natural history. Tiie labours of De- writers,

candolle deserve much praise. I'here is a very good
general account of fuci given by M. Poirct, in thebotani-

cal part of the Eiicyclnpedie Methodiqiie. The Flora At-

lanlica of Desfontaines is a work of great merit. But
above all, M. Lamouroux of Agen, now Professor of Na- Lamou-
tural History at Caen, has studied the fuci with uncom- roux.

mon diligence and success. He published, in ISOt,

dissertations on several new or rare species ; and in

1813 he gave a new arrangement of the family, in the

twentieth volume of the Annates du Museum d' Hisioire

Naturelle. Of this arrangement we ttiink it right to

give a pretty full account, because at present it is the

best. We must however confess, that in our opinion

there has been some precipitancy in bringing it beibre

the public. It would certainly have been far bet-

ter, first to have published descriptions and figures

of the many species ineditw referred to by the author,

and to have left the classification to the last. Thi.s

is the plan wisely adopted by Mr Turner ; and cir-

cumstances seem to intimate, that the French natu«

ralist has not been entirely free of a wish to anticipate

our countryman. But, in any case, it may be deemed
fortunate for Mr Turner, that M. Lamouroux has ac-

tually given his views to the world ; for while the can-

t
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dour of the former will induce him to bestow all due

honour on any rival arrangement, we confidently trust

that he will not suffer his own sound judgment to be

shaeklctl, but will proceed, imembata-assed, on tlie foun-

dation which he has so well laid, to rear a system wor-

thy of his name ; and we arc tlierefore not displeased

to find it announced as his opinion, that previously to

any permanent classification being established, it will

be proper to reduce tlie present genera, Fucus, Ulva,

an(i Conferva, into one mass, and to proceed in ar-

ranging dc novo.

The first fasciculus of the Hisloria Fucorum, or Ge-
neral History of Fuci, by Mr 'I'umer, was publish-

ed in ISO7. Above forty fasciculi have now (1815)
come out ; in which about 210 species have beeji

described and illustrated. We speak the opinion of

very competent judges on the Continent when we
say, that both the descriptions and the colouretl en-

gravings are admirable, and do honour to the country.

The latter are chiefly from drawings from the masterly

pencil of Mr William Jackson Hooker, well known
for his Tour in Iceland, and his beautiful monograph
of the Jungermanniae. Never, as remarked by Sir

James Edward Smith, was there a more perfect com-
bination of the skill of the painter and the botanist

than in this work. It is meant to include figures of all

those plants which have, by Linnaeus and subsequent
botanists, been arranged under the genus Fucus. Many
new s|ipcies have already been added, communicated
by distinguished botanists and travellers, particularly

Mr Robert Brown, (the associate of the unfortunate
Flinders), who remained for more than a year about
Van Diemen's Land and Kent's Islands, and had thus
a precious opportunity of collecting the marine plants of
those distant countries, which he did not fail to improve.
The fuci collected by Lord Valentia and Mr Salt, in

the Red Sea, also enrich the work ; and Profe.ssor

Mertens has communicated the Asiatic fuci collect-

ed in the first Russian voyage round the world, in the
sliips Newa and Nadeshda The distinguished Dr
M'illiam W'right, of Edinburgh, freely communicated
those he had gathered on the shores of Jamaica, during
his residence in that island. The illustrious Presidents
of the Royal and the Linnean Society (Sir Joseph Banks
and Sir J. E. Smith) are likewise contributors. The
descriptions by Mr Turner are ample and luminous,
and are given both in Latin and Engli.sh. Particular
care is bestowed in illustrating the physiology and
fructification, and on this account the work is doubly
interesting. In no botanical production was there ever
greater attention paid to minute accuracy ; and some
very general allegations of occasional incorrectness,
thrown out by Lamouroux in the Annales du Museum,
are perhaps sufficiently confuted by this fact—that not
one in.stance of real error is specified by the critic. The
names at present attached to the plants by Mr Turner,
may, in some measure, be considered as temporary ; at
least new generic names must be adopted. It is pro-
bable, however, that, in the arrnvgement with which
he is to conclude his work, few of the specific or trivial

names will need to be changed. Every classification of
fuci must, in the present state of our knowledge of
them, be to a certain extent artificial ; but from this
author, as near an approach to a natural arrangement
as possible, may confidently be expected.

Explanation of Terms.

Before going farther, it seems proper to explain, in
a general way, a very few terms, cliiefly comiected w ith

Fig. 7.

Capsule.

Figs. 10,

il.

die fructification of the fuci, as these terms must (re- Vxci.

quently recur in the subsequent partof this article, and "*^'Y'~^
arc scarcely to be found explainetl in elementary books,
as applicable to this class of ])lants.

By a receptacle is meant a process, often resembling Rcccpude.

a pod, and generally containing many tubercles, which Pi.ate
again contain the seeds, as in Claudea elegans, (Plate CCLXf.
CCLXI. Fig 3.) ; F. vcsiculosus. Fig. 4. ; and F. no- •'g'- 3. .
dosus. Fig. 5. at a o a.

^'

Tubercles are nearly solid, generally roundish, often Tubercle,

composed of minute fibres, among which the seeds lie ;

they frequently resemble pimples or warts, and are of-

ten perforated, or marketl with a pore; frequently clus-

tered together ; sometimes half immersed in the frond

;

sometimes on^short pe<luncles. See Plate CCLXI. Figs.

3, 4, 5, above referred to ; and also Fig. 7.

Cap.sules are seed-vessels, often partly hollow ; fre-

quently placed singly ; smooth on the surface ; some-
times spherical, but often of a lanceolate shape, like

minute siliquae. See Plate CCLXI. Fig. 10. spherical

capsules ; Fig. 1 1 . lanceolate capsules. In some cases,

it may be observed, the terms tubercle and capsule

become nearly synonymous : they seem to be used al-

most promiscuously by Mr Turner, in speaking of par-

ticular species, as F. bracteatus, gigartinus, and kali-

formis, {Turn. t. 25, 28, 29.)

Vesicles are the air-bladders, well known in F. vesi- Vesicle

culosus, Plate CCLXI. Fig. 4. b ; and nodosus, Fig.

5. b, and others ; but these vesiculce have no connection
with the fructification.

Previous to the account of Lamouroux's system, it

may be right to notice very shortly some of the methods
suggested since the time of Linnaeus and Gmelin, par-
ticularly those of Walker, Stackhouse, Roth, Decan<
dolle, and Wahlenberg.

Dr Walker's Method.

The niethod of Dr John Walker, late professor of Method of
natural history in the University of Edinburgh, was Dr Walker,
never published ; but it has been kindly communicated
by his friend Mr Charles Stewart (author of Elements
of Natural History, in 2 vols. 8vo. 1801, and editor
of the new edition of Dillenius's Hisloria Musco-
rum), as contained in vol. 6th of the Doctor's Adver-
saria, dated 1 77 J. We trust that we do an acceptable
service to botanists in here preserving it. Not that it

is preferable to some later methods, but that it consti-
tutes matter of some curiosity, and enables us to trace
the progress of the science. It has besides been indi-
rectly alluded to by Mr Turner, in his Hisloria Fu-
corum, vol. i. p. 96.

Dr Walker divides the submersed alga; into fourteen
genera: Cervina, Flabellaria, Bombycina, Annularia,
Nodularia, Catenaria, Fucus, Platyceros, Phasganon,
Ulva, Chartacea, Plumarium, Neurophyllum, and Spon-
gia. Of these we shall give a very brief account, stating

only the essential character, and the description of the
fructification; and we think that fairness requires that the
characters and descriptions be given in his own words.
The 1st genus Cervina or Hornweed, has the fol-

lowing character : " Coriacea, dichotoma, inarticulata.

Fr. Vesiculae tenninales vel superficiales, sessiles." It

is divided into two sections ; compressed, as Fucus no-
dosus, and round, as F. fastigiatus, Lin. (rotundas.
Turn. t. a. ) By vesiculae, it is scarcely necessary to re-

mark, the author means receptacles : He uses btiUat to
express air-vesicles.

2d genus, Flabellaria or Fanweed : " Coriacea, pen-
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iiata, inarticulata. Fr. Vesiciilae rotuntlatac solidse ter-

minales." It is likewise divided into two sections;

with air-bladders as F. siliquosus {Turn. t. 159); and

without air-bladders, as F. pinnatifidus, (t. 20.)

3d, Bombycina or Silkweed :
" Cartilaginea abulia,

inarticulata, ramis filamentosis. Fr. Vesiculaj globosse,

solidae, ramis solidis." This includes Conferva scoparia,

C. tomentosa, and similar plants.

4th, Annularia or Ringweed : " Cartilaginea annu-

lata, ramis filamentosis. Fr. Tuberculae globosfe solidoe

terminales." This is subdivided into several sections,

and embraces a number of Coiifervac, as C. fucoides and

pennata of Hudson.
5th, Nodutaria or Knob-weed :

" Herbacea, viridia,

ramis alternis, cnpillaceis, nodosis. Fr. Tubercula ra-

mos per intervalla occupantia." This is divided into

sections, with simple filifomi fronds, as Conferva pli-

cata of Hudson, and with filiform fronds much branched,

as C. glomerata.

6th, Catenaria or Chain-weed : " Gelatinosa, ramosa,

articulata ; articulis tumidis." The fructification was
unknown to the author. l"he genus was divided into

several sections, with verticillate, opposite, dichoto-

mous, and alternate branches, and includetl Ulva arti-

culata of Hudson, Conferva corallinoides of Linnasus,

and similar plants.

7th, Fucui: or Wrack : " Coriaceus, dicliotomus, cos-

tatus. Fr. Vesiculs tenninales, intus gelatinosse, tu-

berculis seminalibus rotundis." This is divided into

sections ; with air-bladders, as F. vesiculosus ; without

air-bladders, as F. serratus, (Tnrn. t. 90.) ; and with

inflated fronds, as F. inflatus of Linnaeus, now ascer-

tained to be a variety only of F. vesiculosus.

8tii, Platyceros : " Palmatus, dichotomus, enervius.

Fr. Vesiculae siiperficiales, sessiles, sparsae, subglobosae."

This is subdivided into leathery, membranaceous, and
gelatinous, and, according to Dr Walker, embraces F.

ceranoides and lacerus of Linnjeus.

9th, Phasganon or Tangle :
" Stipitatum, monophyl-

]um, coriaceum. Fr. Vesiculse superficiales globosse,

•relatinosac, inter corticem et epidermidem folii tumidse."

This is subdivided into two sections ; those which are

nerveless or destitute of a midrib, and those which have
a midrib. The former section includes Ph. balteiforme,

or Sea-belt of Dr Walker, (F. saceharinus, Lin.) ; Ph.

Maria; or St Mary's thistle. Walk. (F. polyschides,

Ivightf.) ; and Ph. esculentum, or Common tang. Walk.
(F. digitatus, Lin.) The latter section includes Ph.

Scoticum, Walk, or F. esculentus, Lin.

10th, U/va, or Laver: " Sessilis, mormphylla, mem-
liranacea, enervia. Fr. Tubercula intra membranas,
Lin." There are three sections, by means of which
plants very widely different are brought together:

il.)
Frondescent, including U. umbilicalis, or slalie;

2.) completely tubular, such as tlie common U. com-
pressa ; and ( 3. ) tubular, divided by septa?, embracing
P. filum of Linnasus, afterwards described

( Turn. t.

S6).

1 1th, Charlacea, or Dilse : " Sessilis, monophylla,
enervia, palmata, laciniata." The fructification was un-
known to Dr Walker. There are two sections ; mem-
branaceous and gelatinous. The first includes the com-
mon dilse; F. palmatus ( Tvrn, t. 115^.), with F. proli-

f'er, {Lightf, t. 30.) and others: the second, F. gekti-
I10.SU8 of rtudson, the Sea raggeil staff of Palla.s, S.'jS.

It may be observed, that Fucus Sarniensis of Roth,
{Turn. t. 4*.) was known to Dr Walker by the name
of Chartacea niehotoma>

12tl). Phimarium, or Feather-wee<l : "Stipitatum,
sartilagineum, inarticulatum, ramosum, permatum;

fronde composita. Fr. Globuli laterales sessiles." This Fuci.

genus is divided into several sections, being cartilagi-

nous or membranaceous, and possessing or wanting a

midrib ; and include F. plumosus, ( Turn. t. 60. ) den-

tatus, (t. 13.) and others.

1 3th, NeurophijUum, or Nerve-weed :
" Stipitatum,

ramosum ; foliis membranaceis distinctis, Fr. Tuber-
cula globosa peduncidata, superficie foliorum." F.

sanguineus is a good example of this genus, ( Turn. t.

36.)

Spongia is the last genus of Dr Walker ; and he di-

vides sponges into sessile and branched ; but it is now
generally admitted that they belong to the animal, and
not to the vegetable kingdom.

Mr Slac^-house's Method.

Mr Stackhouse published his arrangement, in liis Method of

Nereis Brilannica, about the year 1 797. He formed Stackhouse.

six genera : Fucus, Palmaria, Chondrus, Sphaerococcus,

Corda, and Codium ; the characters of which are taken

chiefly from the fructification, but partly from struc«

ture.

1. F?/«/.s has this generic character : "Fructification

a jelly-like mass, with imbedded seed-bearing granules,

and external conical papillae, terminating." This genus
is divided into two sections ; with the fruit exserted, as

F. serratus and vesiculosus; or innate, as F. loreus,

{Turn.t. \^.)
2. Palmaria, " Skin smooth, glossy, polished on

each side, with a colourless piucus within ; forming to-

gether a thick consistent substance, with the seeds very
minute, naked, orbicular, of the colour of the skin of
the plant, disposed in patches or in lines, just within
the surface of the cuticle." This includes F. digitatus,

{Turn. t. 162.) and edulis, (t. 114.)

3. Chondrus. " Fructification an ovate rigid imbed-
ded pericarp, containing seeds in a clear mucus, and
prominent on either surface." This embraces only on&
species, F. crispus, and its numerous varieties. ( Turn.
t. 216, 217.)

4. Sphaerococcus. " Fructification, external globular

pericarps, adnate or immersed ; sessile or pedunculate

;

containing seeds as in tlie others." This genus is sub-
divided into several sections ; with distinct leaves, as

F. sanguineus; with a midrib, as F. alatus, {Turn. t.

160.) ; with a compressed frond, as F. coccineus; or a
round frond, as F. rotundus.

5. Chorda. " Fructification a mucous fluid in tlie

hollow part of a cylindrical frond, with naked seeds af-

fixed inwardly." The principal example of this genus
is F. filum.

6. Codium. " Fructification invisible to the naked
eye ; frond roundish ; sofl and spongy when wet ; vel-

vety when dry." This embraces only the sponge-like

fuci, particularly F. tomentosus, a fine downy or spongy
sea-weed found on the south-west shores of Englantl,
{Turn. t. 135.)

Mr Stackhouse expresses his conviction, that his ge-
nera Fucus and Sph^rococcus will soon fall to be fur-

ther divided into several new genera ; and he mentions
some species having anomalous fructification, particu-

larly F. ligulatus, {Fl. Scot. t. 29.) and lycopodiodes,
{Turn, t 12.) to which he had not been aUe to give a
place in liis arrangement

Dr Roth's Method.

Method or.

Dr Roth, m uis Catalecta Botanica, and m liis i?e- Both.
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marks on the Study of Cryptoeamic Water Plants, pro-

poses the followii)(j genera : t ucus, Ceramium, Datra-

chospcrinuin^ Conferva, Mertensia, Hydrodictyon, Ul-

va, Itivul.tria, Linckia, and Trcmella. The plants usu-

ally dcnouiinatpd sea-weeds, are contained in four of

these genera, viz. Fucus, Ceramium, Conferva, anti

Ulva.

Fticiis is characterised thus : " Vesicles (receptacles)

affgregatp, inibetlded in the substance of the froiul, and
furnished with mucifluous pores."

Ceramium tlius : " Plant filiform, substance membra-
naceu-cartilaginous, with adnate granuliferous capsules."

Of this genus there are two divisions : 1st, With uni-

form capillary fronds, containing some of the more
slender fuci, and of the unjointed capsuliferous confer-

va; ; 2d, With the fronds irregularlyjointcd, comprehend-
ing the jointed fuci, and the remainder of the capsuli-

ferous confervae. It may here be noticed, tliat Mr Stack-

house at one time, while the French revolutionary wars
prevented the naturalists of this country from knowing
what was done by their brethren on the Continent, pro-

posed to constitute a very different genus, embracing
the broad smooth-fronded fuci, under the title of Cera-
mium ; but that he afterwards dropt that name, and
substituted the appropriate one of Palmaria.

The Confervai of Roth, are defined as consisting of
small tubes, or herbaceous filaments, with granules of
fructification scattered on the inside coats of the tubes

;

and the Ulvx, as presenting expanded diaphanous mem-
branes, with granules of imbedded fructification princi-

pally towards the margins, which the Doctor consi-

dered as liable first to decay, and thus to liberate the
seeds.

- M. Decandolle'» Melhodi

M. Deeandolle, in the Flora Gallica, and Flore Fran-
' false (1805), has given an arrangement of the submer-
sed algae, chiefly founded on the writings of Dr Roth,

and M. Vaucher of Geneva. Eleven genera are enu-
merated : Nostoch, Rivularia, Ulva, Fucus, Ceramium,
Diatoma, Chantransia, Conferva, Batrachospermum,
Hydrodictyon, and Vaucheria. Of these, Ulva, Fucus,
and Ceramium, comprize the sea-weeds.

Ulva includes all those with membranaceoiis fronds,

in which the seeds or capsules are placed under the
epidermis, without any means of being discharged but
by the destruction of the frond itself. The genus seems
rather heterogeneous, and is divided into no fewer than
six sections : (1.) Those that are gelatinous within, as

F. tomentosus
; (2.) Those that are tubular, as the well-

known Ulva compressai (3.) Flat, without peduncle,
and without mid-rib, as U. umbilicalis, or laver; (4i)

Flat, with a longitudinal mid-rib, as F. menibranaceus
;

(5.) Flat, with a peduncle, as the well-known tangle F.
digitatus; (6.) Flat, marked with transverse zones, as

U. pavonia.

Fucus is characterized as flat or filiform, with the
seeds or capsules united in groups or tubercles, some-
times lateral, sometimes terminal ; the seeds being dis-

charged by a distinct external pore. This description
takes in a part only of the plants usually considered as
fuci, particularly F. vesiculosus, serratus, siliquosus;
some having, as already noticed, passed to the genus
Ulva, and others, as F. filum, going to the following
genus.

Ceramium is distinguished by having filiform fronds,
'aliich are either simple or branched, and with or with-

out articulations, bearing tubercles full of globules, I'uci.

which globules appear to be capsules. This includes ^"'Y""'
the species of Dr Roth's second division of Ceramium,
with articulations, those of the first being sent back to

the genus Fucus : it likewi.se embraces the marine Con-
fervu'. 'I'ho genus Conferva of the Flore Fran9aise is

confined to those fresh-water species which were hud-
dled together by Liunxue, under the name of Conferva
bnllata.

Dr Wahlenberg's Method.

Dr Wahlenberg * proposes the division oftheLinnean Method of

genus Fucus into three genera, or rather tribes : Fucus, Walilen-

properly so called ; Hpharococcon ; and Palmaria. '"^''S-

1. Fucus: " Semina in capsulis poro dehiscentibus,

aggregatis, frondi immersis ; simulque adsunt vesicu-

Ite simplices sen articulatse." This includes- F. serratus,

vesiculosus, siliquosus, nodosus, loreus.

2. Sphwrvcocco/i : " Semina in capsulis imperforatis,

solitariis, superficialibus ; simulque adsunt granula
iramersa in appendicibus foliorum, fere ut in confervis."

This takes in F. sanguineus, alatus, plumosus.

3. Palmaria : " Semina solitaria nuda, in frondiutft-

superficie." This includes the large fuci, as F. digita*

tus, and saccharinus, (Turn. t. l63.)

He adopts the following subdivisions :

(1.) Frondescent, with a simple mid-rib or nerve in

the centre of the frond ; as F. serratus and vesiculosus.

(2.) Frondescent, with branched veins or nerves; as

F. sanguineus, and sinuosus, (Turn. t. 35.)

( 3.) Stipitate, with a simple stem, proceeding from
a fingered root, and spreading out into a broad frond ;

as F. digitatus and saccharinus.

(i.) Foliaceous and stemless, membranaceous, with-
out nerves or veins ; as F. palmatus, and canaliculatus

( Turn. t. S.)

(5.) Caulescent, with distinct fruit-bearing processes,

(i. e. receptacles), wliich are deciduous; as F. siliquosus

and nodosus.

(6.) Caulescent, naked and compressed ; as F. loreus

and plumosus.

(7-) Filiform, with spherical fronds; as F. filum

and lycopodiodcs.

M. Lamouroux's Method.

Lamouroux, far from confining himself to the fruc- Method ei.
tification as the basis of his divisions, derives his cha- Lamou-
racters from every pai-t of the plant, or even from any toux.

remarkable accessary circumstanoe. He divides all the
thalassiophytes, into six Orders, viz. Fucaceae, Flo-
rideae, Dictyotcse, Ulvaceae, Alcyonidea;, and Spongo-
dea?.

The first order, FucACEiE, is the most numerous. 1. Foca-
They are distinguished by their " woody structure^ and '^Eit,

their colour being somewhat olive, drying to blackish.''

Most of the species of this family have distinct stems
and leaves. In the stems of the larger kinds, particu-

I;u-!y in F. digitatus, may be observed parts analogous
to the epidermis, bark, wood and pith of land plants.

The Fucaceae are readily torn in a longitudinal direction,

and a well characterised fibrous organisation is then
displayed. In general the fibres are divided by septa

;

the partitions being more distant and of a looser tex-

ture than in herbaceous plants. In most of the Fucaceae
the organs of fructification are complicated : According-'
to Lamouroux, the seeds are inclosed in capsules ; .these.

* Geoi^ii WttUlenberg Fhra Lapi>oniQa, Berlin, 1818, 8vo^
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FccACE.e.

I'uci. capsules are themselves enveloped by a particular mem-
brane, and form tubercles; and the^e tubercles are group-

ed into polymorphous fiiassfs. Tliese masses are at-

tached to the branches or to the extremities of fronds ;

they contain a mucilaginous matter, the quantity and

viscidity of which increase as the seeds ripen ; and

when they are dispersed, it disappears with them. The
fronds of the Fucr.cea; vary in composition, situation, ge-

neral or particular shape, with or without nerves ; ex-

hibiting a variety almost as great as the leaves of dico-

tyledonous plants.

Funis. The 1st genus is Fuais, which is thus defined

:

" Tubercles numerous, collected in cylindrical recep-

tacles, which are flat or compressed, solitary or in pairs ;

the root an expanding callous disk." This character has

no doubt the effect greatly to reduce the numbers of the

old genus Fucus ; but it is still very extensive, and the

author has judged it necessary to divide it into no fewer

than eleven sections. Plants which materially differ in

general aspect and habit are still brought together: thus

F. natans, siliquosus, vesiculosus, loreus, and canalicu-

latus, are arranged imder this one genus ; while we
might expect them to form as many distinct genera.

In specifying the different sections, some of the best

known or most remarkable species shall be mentioned
as examples.

Sect. (1.) With petiolated air-vesicles ; leaves dis-

tinct, either sessile or petiolated. This includes F. na-

tans and F.bacciferus of Turner, (t. 4-6, i?-) both ofthem
found floating in the ocean, and forming much of tlie

Mar do Sargasso of the Portuguese. But not one Bri-

tish species falls under this section, unless, perhaps,

F. salicifolius of Poiret.

(2.) With petiolated air-vesicles, furnished with a

terminal foliaceous membrane; as F. turbinatus, (^Turn.

t. y*.) found in the East and West Indies.

( 3. ) With oblong vesicles, winged with a triple mem-
brane, producing a three-sided or angular appearance.

A single species only belongs to this section, viz. F. tri-

queter, ( Turn. t. Si.) from the sea near the Cape.

(4.) With petiolated vesicles lengthening in the

form of a pod. Highly characteristic of this section, a

well known British species occurs, F. siliquosus; but
the vesicles or air-bladders may be readily overlooked

by a careless observer, on account of their resemblance
to the receptacles generally to be found on the same
plant.

(5.) The vesicles forming a part of the branches

;

leaves distinct. For example, F. tamariscifolius of
Hudson, (F. ericoides, Turn. t. 11)1.)

(6.) Fructification at the ends of the fronds, which
are flat, branched, generally provided with a single

nerve, and with vesicles. This includes the two very
abundant and well known species, F. vesiculosus and
serratus.

(7.) Vesicles innate in the branches ; the fructifica-

tion on peduncles. This likewise includes a very ge-
neral species, F. nodosus.

( 8. ) Without leaves ; vesicles like a string of beads,
and covered with the fructification. This section is

created solely for the very remarkable sea-weed named
by Labillardiere F. moniliformis, and by Mr Turner
F. Banksii, {Hist. Fuc t. I.) The former name is so
expressive of the character of the plant, that any change
is to be deprecated, particularly as the illustrious Pre-
sident of the Royal Society is already loaded with well
merited botanical honours.

(9. ) Without vesicles, and with a single round urn-
bilicated frond at the base of the branches.—This sec-

4

Laminaiiii.

tion embraces only the remarkable species F. loreus, Fuci.

common on many of our shox*es, and which attracts ^""Y"™?
attention chiefly on account of the round umbilicated ^'^''"^ "f

frond above mentioned, which, in the early stage of j^m^,
"'

growth, resembles a large peziza, and gives the rocks

the appearance of being covered with a crop of mush" '''"'*'^E*'

rooms.

(10.) Without leaves and without vesicles ; fructifi.

cation at the ends of the branches, which are channelled.

—This takes in F. canaliculatus {Turn. t. 3.), common
on our shores; and F. Mackaii (t. 52.), a species found

on the west coast of Scotland, and named in honour of

the discoverer Mr James Townseiid Mackay, of the Col-

lege Botanic Garden, Dublin, an excellent and most de-

serving botanist.

(11.) Without leaves or vesicles ; branches cylindri-

cal, with the fructification at the tips ; as F. tubercula-

tus, (Turn. t. 7.)

% Laminaria : " With the root fibrous and branch,

ed." This generic character is perhaps objectionable,

on the ground that the root is frequently wanting in

specimens of sea-weeds which are cast ashore ; but,

on the other hand, the fructification, from which ge-

neric characters are commonly taken, is also frequently

wanting, and at any rate it is very little known. Most
of the laminaria; are large plants, with broad fronds,

inhabiting deep places of the shores, where they are

much exposetl to the action of waves, and requiring

therefore the strong mode of attachment with which
they are furnished, and from which the generic charac-

ter is derived. Some have air-vesicles, as F. pyriferus

{Turn. t. 110.), and F. buccinahs (t. 139.); and in

others, vesicles seem entirely wanting. Not only the

gigantic sea-weeds of the Southern Seas, some of them
described as more than 1 000 feet in length, belong to

this genus; the largest of the British fuci also fall un-

der it, the well known great tangles, F. polyschides or

bulbosus, F. digitntus and saccharinus.

3. Osmundaria : " Fructifications minute, oblong, on
footstalks, situated at the points of the leaves ; the

leaves entirely covered with small spiny mamillse."—
This genus, named from its resemblance to some ferns

of the genus Osmunda, is formed for the sake of one
species of trifling size, brought from the shores of New
Holland. Till, however, it be examined by some bo-

tanist in a recent state, its characters cannot be accu-

rately known.
4. Desmarestia : " Fructification unknovtTi ; branches

and leaves broad, contracted at their origin, so as to

appear supported on petioles ; the edges garnished

with small spines."—This includes F. aculeatus ( Turn.

t. 187.)> which is very common on our shores, and F.

ligulatus (t. 98.), which is rare. Lamouroux, as well

as Stackhouse, is inclined to consider the marginal spi-

nules as containing the seeds of the plants ; but Mr
Turner has doubts on the subject.

5. Furcellaria : " Fructification pod-shaped, subula- Furcell»rii

ted, simple or branched, smooth, stem and branches

cylindrical, and without leaves."—This includes oiJy

F. lumbricalis {Turn. t. 6.) and its varieties.

6. Chorda : " Fructification unknown ; stem simple, Chord*.

cylindrical, divided by internal dissepiments,"—the ge-

nicula inlergerinn of Roth. The name Chorda was first

applied by Stackhouse to a small group of fuci, consisting

chiefly of F.filum and F. thrix. The latter is now known
to be nothing but the filum in a young state ; so that

at present F. filum is the only species of this genus.

The second order, Floridea:, are distinguished by

their " organization being coralloidal ; their colour be-

Osmunda*
. ria.

Dcsir.arei-

tia.

2. Flow
I>£yS:.
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Fuci. ing purple or retltlish, and acquiring lustre on expo-

' sure to the air." While fresh and living, the Flori-

dcae are of a purplish red colour, but have nothing

of the lustre which they acquire when dead, antl

when tliey jiave been exposed for some time, in a moist

state, to the action of light and air, so as tliat a degree

of fermentation may be excited. It is in this order

that the ilouble moile of fructification (afterwards de-

fccribed) is cljiefly to be observed. The leaves of the

rioridea" are flat expansions, divided rather than branch-

ed, proceeding from a cylindrical stem, fixed by a disc

more convex and less extensive than that of the Fuca-

ceee. The leaf is just an expansion or continuation of
the stem, and it is sometimes difficult to assign the re-

spective limits of these parts. All the flat portions an;

reckoned leaf, and all the round or compressed parts,

branch or stem. Some of tlie leaves have nerves, of a
deeper colour than the rest of the leaf; in these, the

fructification is situated on the nerves, or at their extre-

mities. In leaves destitute of nerves, the fructification

is spread over the surface of tiie leaf. The size of the
Floridea; is not considerable, none of them much ex-
ceeding two feet in length. Lamouroux considers them
all as annual or biennial productions.

He makes two divisions : Ist, Willi flat leaves, Clau-
dea, Deiesseria, Chondrus : 2d, With cylindrical leaves,

and wanting leaves, Gelidium, Laiirencia, Hypnea,
Acanthophora, Dumontia, Gigartina, Plocamium, and
Chanipia.

1. Cluudca. " Tubercles in a pod-shaped receptacle,

which is attached to the nerve by its two extremities."

—

There is only one species, Claudeaelegans, which, accord-
ing to Lamouroux, is the most beautiful of all sea-weeds,
for variety of colour, elegance of shape, and delicacy of
organization. It is certainly the raost curious of all the
tril)e. ( Sec Plate CCLX I. Fig. 1 . 2, 3.) It was found
on tlie coast of New Holland by the unfortunate Peron.
The frond consists of a very fine membrane, which when
dried is almost invisible to the naked eye, crossed by
nerves forming a net-work. The fructification, as sta-

ted in the generic character, consists of rows of siliques,

suspended by the two extremities between parallel

nerves. Dried specimens exhibit fine tints of red,

green, yellow, and violet, passing into each otiier in the
most pleasing manner. It is figured in Aniinks tin Mu-
seum, torn. iO. pi. 8. fig. 2. from whence our figure in

Plate CCLXI. is copied. It is always desirable that a
generic name should, if possible, suggest some idea of
the kind of pl;mt intended ; but although this could
easily have been accomplished in the present case, the
immeaning title of Claudea has been imposed ;—bor-

rowed, we are told, from the Christian name of La-
jtnouroux's father, Claude, and a better proof, surely,

of filial attachment than of judicious nomenclature.
2. Deiesseria. " Tubercles spherical, generally com-

pressed, somewhat like grape-stones (subgigartina), in-

nate, sessile, or pedunculated, situated on the nerves,

the branches, the margin of the leaves, or scattered on
their surface."—The colours are varied and brilliant.

From rose-colour, or even bright scarlet, they descend
to dark brown, passing through yellow, green, »iolet,

and purple. Many of them are parasitical on the larger
•sea- weeds. The genus is subdivided into three sections.

a. With a single longitudinal nerve, simple or branch-
«d.—This includes several beautiful sj)ecies, common
on all our shores, F. sanguineus, sinuosus, alatus, and
dentatus; with F. ruscifolius, {Turn. t. 15.) found on
the south coast of England. Speaking of the first of
tlieso, F. sanguineus, Mr Turner remarks, that " in the

Fuci.

.^Ictho(^ of

I.amou-
roui.

Kl.ORI-

DE-iC.

elegance of its appearance, ami the exquisite colour of

its most delicately veined leaves, this plant so much ex-

cels all its congeners, that it carries aw.ny the palm with

no less justice from the vegetables of the ocean, than

the rose, the flower of the poets, from its rivals in the

garden"

b. With the longitudinal nerves buried in the sub-

stance of the leaves. This takes in F. rubens and la-

ceratus, found on our shores. The former is admirably
described and figured by Lightfoot, in the Flora Scoti'

ca, vol. ii. p. 9iy- 1. 30. under the title of F. prolifer.

The latter is one of the variable fuci, Mr Turner (His/.

Fuc. t. 08.) describing no fewer than eight varieties.

It is F. endivia;folius of the Flora Scoiica, t. 32.

and it is to be observed that the longitudinal veins not

being readily perceived, have been overlooked by Light-

foot and others.

c. Without any nerve or midrib. This includes the

well-known F. palmatus, or dilse of Scotland, with the

remarkably variable F. ciliatus, (Turn. t. 70.) which ia

also eaten ; as well as F. edulis, (t. 1 1 4'.) which, as im-
plied in the trivial name, is considered as fit for food.

F. Brodia?i of Turner, t. 72. likewise falls under this

section : this species was found on the shores of

Nairnshire, by Mr Brodie of Brodie, who likewise de-

tected its fructification, and ascertained the specific dif-

ferences of the plant.

3. Chondrus. " Tubercles hemispherical or oval, si- chondru'^

tuated on the surface of the leaves, never on the edges

nor the extremities ; leaves flat, branched, sometimes
mamillary."—The generic name, it will be observed,

is adopted from Stackhouse; but the character is chan-

ged. The small black lichen-like fucus, F. pygmaeus,

which covers many of our sandstone and greenstone

rocks at high-water mark, belongs to this genus.

4. Gelidium: " Tubercles nearly opake, oblong, situ- Gelidium.

ated on the branches or at their extremities." The ge-
neric name is derived from the quality which the plants

possess, of being almost entirely reduced to a gelatinous

substance, by boiling or maceration. The foreign spe-

cies of which the swallows in India construct the edi-

ble nests, Lamouroux considers as belonging to this

genus. F. corneus (Slackk. p. 61. t. 12.) and F. co-

ronoplfolius {Turn. t. 122.) rarely found on the Eng-
lish coast, are likewise gelidia.

5. Laurencia : " Tubercles globular, somewhat like j^uieucia.

grape-stones, situated at the extremities of the branches
and their divisions." F. pinnatifidus, the pepper-dilse

of Scotland, may be mentioned as an example.
6. Hi/pnea : " Tubercles subulated, almost opake." Hypnea.

This is named from its general resemblance to the

branched mosses or hypnuins ; but the fructification is

not readily seen without a lens. F. Wigghii, {Turn. t.

102.) belongs to this genus. All the species are an-

nuals.

7. Acanthophora : " Tubercles roundish, and spiny." Acantho.

Tlie species of this genus are equatorial plants, in gene- phora.

ral appearance resembling Hypneae.
8. Dumontia : " Capsules solitary, scattered, innate in Dumonii.i.

the substance of the plant; stem and branches fistular."

The species are all ofvery delicate structure, and annuals.

9. Gigartina : " Tubercles spherical or hemispheri- Gigattina.

cal, sessile, like grape-stones, filled with a semitranspa-

rent mucilaginous substance ; stem uniformly cylindri-

cal."—This includes most of the genus Ceramium of

Roth. It is divided into three sections.

a. With distinct leaves; as F. subfuscus {Turn. 1. 10.)

and tenuissimus,

shores.

(t. 100.) not uncommon on our
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Fuel. b. Without leaves ; stem and branches without con-
"*—"/"-^ tractions; as F. confervoides, {Turn. t. 84.) purpuras-

Tlnl'ou^

"'^
cens (t. 9.) andplicatus (t. 180.) of our shores.

•tomT" c. With evident contractions, as F. kaliformis, (Turn.

FLoiti- t. 29.), articulatus (t. IO6.), and opuntia (t. 107.) ofthe

i>E^c. British shores.

Tlocamium. ^ 0- Plocamium : " Tubercles somewhat like grape-

stones; stems and branches compressed, the extremities

partitioned, or divided by septa."—The plants of this

genus approach nearest to the truly articulated sea-weeds

or marine conferva. They are all annual ; and many
of them parasitical on the perennial species. The ele-

gant F. plumosus of our shores belongs to this genus;

and the dissepiments in the extreme branches, or pin-

nae, are beautifully delineated by Mr Turner, (Ilisf.

Fnc. t. Co.) It must, however, be remarked, that

though this new genus is evidently named from F. plo-

camium ofGmelin (F. coccineus of Fludsonand others) ;

yet this species, instead of affording a characteristic ex-

ample of the genus, exhibits no traces of dissepiments in

its branchlets.

'Olianipia. JU- Champia : " Capsules numerous, somewhat egg-

shaped ; situated in papillse rising from the stem and
branches."—This consists only of one species, a native

of tlie shores of the Cape of Good Hope.
% DicTY- fjje third order, Dictyote/E, is distinguished by the
ncEs..

"organization being reticulated and foliaceous ,• the

colour greenish, and not liable to become black on ex-

posure to the air.'' This family consists of four gene-

ra, Amansia, Dictyopteris, Dictyota, and Flabellaria,

all of them well characterized by the reticulated organi-

zation, which is visible with a common lens, or even by
the naked e3'e. The fructifications are numerous, co-

vering the surface of the leaves, on which they occur in

groups of various shapes. Tlie root consists of a fibrous

callosity, furnished with very fine long wliitish hairs,

which become yellowish or brown in drying. In some
species these hairs extend up the stem, or are continued
on one side of the frond. They increase in niunber
with the age of the plant. They seem analogous to the

tufts observable on F. serratus, vesiculosus, and natans,

and are probably secreting and absorbing organs. The
dictyoteae, which have nerves or midribs, are perennial,

and are found chiefly in equatorial latitudes : those des-
titute of nerves are annual, and found chiefly in the
northern seas.

Aaiamia. 1 . Amansia : " Reticulations hexagonal, regular and
elongated, with the points acute."—The species are
foreign,

nictyoptc- 2. Dictyopteris : " Capsules forming masses slightly
"*• elevated ; scattered over the leaves, which are divided

by a single nerve."—All the species are natives of warm
climates.

Dictyota. 3. Dictyota : " Capsules collected in masses, form-
ing lines having various directions."—This is divided
into two sections : a. Padina, with the fructification in
transverse, incurvated, and concentric lines : b. Dicty-
ota proper, with the fructification in longitudinal lines,

rarely transverse and never concentric, often entirely
or partially scattered. The padina are analogous to the
Juci corallini of Gmelin, and include those species which
the late M. Drapamaud proposed to associate as a ge-
nus, under the title of Zonaria.

i'labcUaiia. _ 4. Flabellaria: " Fructification unknown ; reticula-
tions very fine and intermixed, so as to produce an ap-
pearance of felt."—This includes only one species,
found in the Mediterranean.

*. UI.VA. TheJburtK order, Ulvace^e, is distinguished by the
•.luE. « organization being herbaceous and uniform, -the co-

1

lour green, becoming yellowish or whitish in drying." Fuel

—This order comprises four genera, Asperococcus, ^' ••'""^

Ulva, Bryopsis, and Caulerpa. It includes most of ]^^^^
"^

the species of the genus Ulva of Linnaeus and others. j„yj_

The organization resembles that of the seminal leaves Ulvacea
of many land plants, a herbaceous tissue destitute of

fibres and vessels. The plants of this order abound
with a mucilaginous matter, in which the colouring

principle resides. The nature of the fructification is

not yet accurately known. It is apparently very sim-

ple, seeming to consist of naked seeds imbedded in the

frond at its surface. The bodies which have been taken

for seeds, however, may in reality prove to be capsules,

containing granules or seeds.

1. Asperococcus : " Seeds solitary, scattered, at first Asperococ-

innate, birt afterwards prominent ; stems fistular."—Of cus.

this genus, Ulva rugosa, Lin. may be considered as an
example.

2. Ulia: " Seeds solitary, innate in the substance of jt],,3_

the plant, scattered, never prominent."—This genus is

divided into two sections :

a. With flat leaves ; as U. lactuca, latissima, urabili-

calis, all very common on our shores.

b. With fistular leaves ; as U. compressa, which co-

vers with its fine green colour almost all rocks where
brackish water occurs.

3. Bryopsis: " Seeds globular, green, contained in Bryopsi?.

the stem, or the branches, which are always fistular."—

All the species are foreign.

4. Caulerpa : " Fructification unknown ; stem cylin- Caulerpa.

drical, horizontal, creeping, and branched."—This is a

curious genus, first described and figured in the French
Annals of Botany for 1811, by M. Lamouroux. It is

not clearly ascertained whether some, or perhaps even
all the species, should not rather be considered as be-

longing to the animal than to the vegetable kingdom.
The organization certainly diflers from that of marine
plants in general, and is more analogous to that ofsome
zoophytes. Weber and Mohr rightly remark, that the

stiff straw-coloured stem ofa caulerpa exhibits few traces

of vegetable organization. Even with the aid of a mi-
croscope, neither fibres nor reticulations can be detect-

ed ; an epidermis is observable, and a cellular tissue,

the cells of which are so extremely minute, that it is

impossible to determine their form. The caulerpa are

destitute of any gelatinous or viscid property. Their

membranaceous substance, and their uniformly green

colour, have induced Lamouroux to place them among
the Ulvacecc. Sometimes the leaves of a particular spe-

cies, Caulerpa prolifera, are partly covered with small

opake points ; such leaves have not the brilliancy nor half

the transparency of the others ; they are of a dull earthy

green colour. If these points prove to be seed-vessels,

then is Caulerpa properly placed among the Ulvacese

;

but the fructification is at present completely unknown.
The roots are entirely fibrous, like those of many of the

flexible zoophytes. The Caulerpae grow, not on rocks,

but on sandy shores, generally near high water mark,

creeping in the loose sand and soil ; and no otlier sea-

weeds possess a similar mode of attachment. Viewed
as plants, they may be considered (as formerly stated)

as connecting sea-weeds with the vegetables of the

earth. All the species are foreign, most of them tropi-

cal. When fresh, they are of a fine grass-green colour,

which is liable to pass to a transparent homy white.

Several of them are figured by Turner, under the

names of F. pinnatus, taxifolius, clavifer, {Hist. Fuc. t.

53, 54, 57) ; and he has added some, entirely unknown
to Lamouroux. Among these may be mentioned..
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Fiici. F. cACtoiiles, (t. 171,) brought by Mr Brown from the

south conxt of Now Hollniid; ami I', hypnoidcs, (t. 173.)

bronjjht from Kent's Islands by the same naturalist.

This last is not only sin^^ular for its beauty, but is

vory remarkable for the exterior of the stem being clo.se-

ly beset with small scales, like some of the fern tribe :

to thi.s there is nothing an."»logous among the rest of

the foci ; the appearance of scales in F. squamulosus

(Turn. t. 128.) being occasioned merely by the remains

of old ramuli. The other new species of Caulerpa pub-
lished by Turner, were brougiit from the IJed .Sea

by Mr Salt, and are likewise very curious. The Cau-
lerjiw appear to be perennials, or at least to endure for

more than one year. We may remark, that the sea-

weed ofa fine green colour, described by Humboldt as

found growing in the sea at the great depth of 192 feet,

and by him named Fucus vitifolius, belongs to this ge-

nus.
AiiYO- TheJifill order, .•\t.rvoviDE.B, is characterised by the
"E'E. ,c organization being gelatinous, or like tliat of a tre-

mella, ofa dirty olive red colour, becoming darker on
exposure to tlie air." The Alcyonideae evidently ap-

proach very near to the zoophytes of tlie genus Alcy-

onium ; but neitlier polypi, nor the habitations of poly-

pi, are to be observed in them. A transverse section

of tiiese plants, exhibits large hexagonal or irregular re-

ticulations, which diminish in size towards the sides of

the stem. In a longitudinal section, these reticulations

appear lengthened, and form at the exterior a very fine

epidermis. The fructification of this order is conspi-

cuous enough. It consists of yellowish capsules, situ-

ated in the epidermis, and full of small black seeds.

The Alcyonideae have considerable affinity to the genus
Duniontia of the Floridete, above described. They de-

compose rapidly when left by the tide on the shore.

Their texture is so loose, that when once dried and
compressed, they never resume their original form.

:r,otiiJi- -pjjg Q^]y genus is Alci/onidium: "Capsules containing
"

seeds, innate in the fleshy or gelatinous substance of

the plant." The principal species is the Ulva diapha-

na of former writers, {Eng. Bol. t. 26."?), and which is

not uncommon on our shores. It is remarked by M,
Lafoy, that, at certain times of the year, the Ulva dia-

phana is phosphorescent ; but this f;ict has not been ac-

curately ascertained, and it is possible that the phos])ho-

rescence alluded to, may depend merely on numbers
ofa minute shining nereis adhering to the plant, when
newly cast ashore, or drawn from the sea. We have
frequently observed a brilliant phosphorescent appear-
nnce produced by this cause, in specimens of Fucus
dentatus, and in various species of Sertularia;, recently

taken from tlie sea, the phosphorescence being renewed
upon moving the specimens, or disturbing the minute
animals.

S roV- The sixth or(f«-,SpoNGODE.«, has this cbai'acter :
" Or-

ouK.i;. ganization spongy, colour green, tarnishing on expo-
sure to the air." This order, as published by I.amou-
roux, consists only ofa single genus, which Olivi, a dis-

tinguished Italian naturalist, proposed in his 7i0oln<m of
(he Adriatic Sea, under the name of Lamarckia. This
name, however, having been pre-occupied by a genus
of phaenogamous plants, Stackhouse suggested Codium.
1-aniouroux has preferred Spongodium, on account of
the general resemblance of the plants which constitute

the genus, to some kinds of sponges, and because, like

them, they imbibe water. It has this character :
" Seeds

s-cattered through the substance of the plant, but most
abundant at the extremities of the filaments which clothe
its surface." One of the principal species is Sponge-

VOL. X. FAUX I.

dium dichotomtim, the Fucus tomcntosus of former f^»a-

authors, figured in Engli.ih Botany, t. 712, and in ^^^„i „(
the History of the Fiici, t. \^'>. The substance of the i,a,„uu-

'

))lant consists ofa collection of interwoven fistul.ir tubes, mux.
full of a transparent fluid. The surface, as noticed in

the character, is covered with small capillary filaments,

which seem to serve for the absoi-jition ol water, and
among which vesicles and capsules are to be looked for.

These filaments are best observo<l while the plisnt re-

mains in the sea : when it has been withdrawn for

some time from that element, they nearly disappear.

The colour is a dark grass green, which becomes paler

by drying. It may be proper to add, that the Fucus
fungosus, found on the coast of Barbary by Debfon-

taines, and described in the Flora Allantica, is to be
considered as only a variety of F. tomentosus. Ano-
ther species of Spongodium is Fucus bursa ofour shore?,

(Tiirn.t. l.'iS.) the Alcyonium bursa of Linnaeus. It

may here be mentioned, that since the publication

of Lamouroux's system. Turner has described and fi-

gured (Hist. Flic. t. 175) a new spongodium, by the

title of Fucus sinipliciusculns, a name which is to be

understood as applicable only in a relative sense, being

meant to distinguish it from either the dichotomous ra-

mification of F. tomentosus, or the spherical shape of F.

bursa. Instead of having a soft velvety exterior like

these, it is papillose ; but its internal structure is quite

similar. Turner remarks, that F, simpliciusculus, in

external appearance, closely resembles the caulerpae,

having the same colour, the same glossy sirrface, and
the same kind of substance, intermediate between the

submersed algas and the zoophytes, or even approach-

ing more to the nature of the latter than of the former.

The spongodea; appear to last more than one year.

They inhabit plages never completely uncovered by the

tide. They are nearly allied to the Ulvaceje, and might
perhaps commodiously follow them.

In I,amouroux's arrangement of sea-plants which
has now been detailed, no fewer than 273 ascertained

species are referred to by the author. There are, be-

sides, rear 200 unpublished species alluded to by him :

of 20 of these, figures are given in the Annates, but no
descriptions ; and when, or in what form, the remain-

der arc to be brought before the public, does not ap-

pear. There are nearly 100 varieties of different spe-

cies mentioned; but in no tribe of plants is there great-

er difficulty in determining the limits between species

.ind varieties ; it will be nowise surprizing, therefore,

if several of these varieties be hereafter established as

species ; and, on the other hand, a few of the species

degraded to the rank of varieties. Marine plants are not

only liable to very considerable diversity of form, but,

as already noticed, it is nearly impossible to cultivate

them with a view to observe their germination, and
extremely difficult even to watch their ])rogress, on their

native submarine rocks, from infancy to maturity. Of
the ascertained species, 148 are found on the shores of

France.

In the course of our ample accoimt of I/amour-

oux's arrangement, a number of p.irticidars connected
with the general history and physiology of these plants

have been incidentally stated. There remain, however,
several points deserving of further and sepai'ate consi-

deration, particularly their germination and growth,

their general structure, and the nature of their fruc-

tification.

Notwithstanding the many observations of late in-

quirers, hi no department of natural history doe^ there

B
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••uci. remain greater room for discovery, than in tracing the

^•"•^/-—^ progress of living fuci. The habitat of the plants pre-

sents many difficulties. It is only in a few favourable

situations, in calm weather, and at low ebb tides, that

observations can be made either as to the earliest ap-

pearance of the plants when germinating, or as to the

progress of the fructification, and shedding of the seeds

in the mature plant. To afford any satisfactory infor-

mation, individual plants must be watched, visited at

eveiy season of the year, and the observations must be

continued for a series of years.

Germination and Fructi/tcatioJi of Fuci.

Germina- Mr Stackhouse, we believe, is the only person who
tion. has succeeded in vegetating the seeds of fuci, or in con-

vincing himself that he has done so ; for doubts have
been started as to the accuracy of his experiments.

So extremely minute are the real seeds, and so great is

the liability to error from other seeds floating unper-

ceived in the waters ofthe ocean, that to prosecute dis-

covery in this way, would probably be a hopeless task.

It may be right, however, to state his mode of proceed-

ing. He selected three species for his experiments,

Fucus serratus, canaliculatus, and bifurcatus, ( by which
last, F. tuberculatus is to be understood. ) He detach-

ed some specimens of these very carefully from the

rocks, preserving their bases or roots uninjured. He
placed them in wide-mouthed jars, and changed the

water every twelve hours, drawing it off by means of a

syphon, to prevent agitation. In the course of a week
lie succeeded in procuring what he considered to be the

.seeds. These, when ripe, he says, burst asunder trans-

versely in the middle, with a kind of explosion. They
appear therefore to have been, in reality, capsules con-

taining seeds. They were inclosed in a bright mucus,
immiscible with sea water, and likewise specifically

heavier than it ; so that this mucus was calculated to

icrve the double purpose of carrying the seeds to the

bottom, and fixing them to the rocks. He thus as-

certained that some marine plants scatter their seeds

when ripe, without awaiting the decay of the frond.

The next point was to cause the seeds to germinate.

He took some pebbles and small fragments of rock from
the beach, the surfaces of which he considered as having
been thoroughly purified by friction ; and after having
drained off the greater part of the water in the jars, he
poured the remaining drops on the stones. He left them
to dry for some time, that the seeds might fix themselves.
He then placed the stones in wide-mouthed jars, and al-

ternately sunk them for some hours in sea-water, and ex-
posed them to the air and rain, in order to imitate their
peculiar situation between high and low water mark. In
less than a week, a thin membrane was discoverable on
the stones, precisely on the spots where the drops of
water containing the seeds had been poured, and where
of course the seeds had lodged. This membrane gra-
dually extended itself and became of a blackish olive
colour. There at last appeared mucous papillae or buds
coming up from the membrane. These buds were
iomewhat hollow in the centre, from whence a shoot
pushed forth : in some instances they seemed to rise on
a short thick footstalk, and in this case resembled mi-
nute pezizae, favouring the supposition that other fuci
besides F. loreus present at their base tlie mushroom

ctifi
appearance, though on a very reduced scale,

uon.
"^

T''^
within these few years, the fructification of the

fuci was little known ; and even yet it is not by any
means well understood. To the minute and accurate

S

investigations of Mr Turner, Mr Hooker, Sir J. E. Fuci.

Smith, the late Miss Hutchins, and Mr Sowerby, jun. ^"'^'Y""*'

we are much indebted. But the fructification of the

largest species in the world, F. pyriferus and buccinalis,

and even of some of the largest and most common Bri-

tish species, such as F. digitatus, filum, and aculeatus,

still remains to be discovered. Of the nature of the fruc-

tification of the caulerpae, no conjecture has hitherto

been formed.

By attending to the characters in Lamouroux's ai-

rangement, a general idea may be gathered of the fa-

milies of fuci in which the different kinds of fructifi-

cation occur, whether consisting of receptacles, tu-

bercles, capsules, or patches. It seems unnecessary,

therefore, to enlarge much on this subject. A few far- Double
ther remarks on the double mode offruclijication, may mode of

however be proper. Tliis double mode, it will be re- fnictifica-

.

membered, occurs either on the same plant, or on se- ''°°*

parate individuals of the same species ; and it is of va-

rious kinds, some of which may be mentioned.

a. On different individuals of the same species, glo-

bular capsules and lanceolate capsules are observed, as

in F. subfuscus, alatus, pinastroides ( Turn. t. II.), and
coccineus: (see PlateCCLXI. Fig. 10, 1 1.) and both these Piate
kinds of capsules sometimes occur on the same frond ?,?^^'',,

of the last named species. This fact did not escape Mr •''S8-i">">

Stackhouse ; for in his Nereis Briiannica, he makes it

part of the specific character of F. coccineus, that it

bears polymorphous fructification ; and Mr Turner, in

his Synopsis, afterwards divided it into two varieties,

one with spherical capsules, the other with lanceolate

or elliptical capsules.

b. On the same individual, lineari-lanceolate capsules,

and also pedunculate capsules of an urceolate form, as

in F. dentatus. (Plate CCXLI. Fig. 8, 9.) Figs. 8, 9.

c. Lanceolate capsules and small patches of naked
seeds are found on the same plant ; as in F. hypoglos-
sum, (Turn. t. 14.)

d. Ovate capsules and spherical immersed seeds, on
the same individual ; as in F. dasyphyllus, ( Turn. t. 22.)

e. Ovate and oblong capsules, on the same plant

;

as in F. acanthophorus of Lamouroux, ( Turn. t. 32.)

f. Cilia containing seeds, on the margins and midrib
of the plant ; and spherical tubercles immersed in obo-
vate processes on different parts of the plant ; as in F.

sinuosuf. (Plate CCLXI. Fig. 6, 7.) pigs. 6, 7.

g. Urceolate sessile capsules on one plant, and naked
seeds immersed in the frond on another plant of the

same species ; as in F. articulatus. It is a remark of

M. Lamouroux, that the double fructification is never
found on the truly articulated sea-weeds, that is, the

marine confervas: but in this he seems mistaken, as tlie

double mode occurs in the plant named Fucus fruticu-

losus, ( Turn. t. 227), which, as Mr Turner properly re-

marks, belongs to the confervse.

In a few capsuliferous species, as F. plumosus and
flaccidus, {Turn. t. 61), the seeds, or what are reckon-

ed the seeds, are not inclosed in proper capsules, but

merely surrounded by seta-, producing the appearance

of an involucrum. In the large species, F. saccharinus

and bulbosus, the fructification is in irregular patches on
the frond, and consists of a profusion of seeds imbedded
among whitish fibres, but without any covering or epi-

dermis. Mr Brodie of Brodie, in a communication to Mr
Turner, (Hist.Fiw. vol. iii. p. 62.) very aptly compares

a section of the last-named species v/hen in fruit, and
placed under the microscope, to a section of a synge-

nesious flower, witli the seeds protruding from the re-

ceptacle among the bristly jiappus.
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It has already been stated, that in some species there
^ are fouml both seeds in tubercles, and seeds scattered

in the substance of the frond. Mr Turner was at one

time of opinion, that the seeds in the tubercles might

become subsequently disseminated through the frond ;

but more careful examination with the microscope, en-

abled him to satisfy himself that the capsular granules

differ as to shape from those which lie naked in the frond.

He is inclineil to believe, that those plants on which

the two modes of fructification occur on different indi-

viduals, are truly dia-cious, though a plant, possessing

each mode offructification, may fi-equently arise from the

same basis, and thus occasion ambiguity. Dr Soland-

er, it may be remarked, first suggested that these might
be male and female. It would evidently be almost a

hopeless attempt, to endeavour to observe the mode of

impregnation in their native element ; and it is not im-

probable that this may for ever remain among the ar-

cana of nature.

A few species have a proliferous tendency, putting

forth peltate leaves, ready to lengthen into branches,

iftlie plant have sufficient vigour. Mr Turner seems
to think it probable, that, like the bulbs of allia, these

new productions may fail off when the frond decays,

and shoot up into independent individuals. Some spe-

cies, that have broad terminal receptacles, have been ob-

served occasionally to become viviparous, particularly F.

vesiculosus and serratus ; the seeds vegetating while in

the receptacles, and thus producing the viviparous cha-

racter.

We have already seen, that what Stackhouse con-

sidered as seeds, were probably capsules, as they

burst asunder and discharged smaller bodies. Turner
makes the remark, that the seeds of different species

have been observed to discharge very minute granular

globules ; and with that candour and diffidence which
distinguish the accurate observer, he confesses his

doubts whether the small bodies, generally accounted
seeds, may not themselves be seed-vessels. It may
be remarked, indeed, that his representation of the

bursting of a capsule, (Hist. Fuc. t. 181.), and his

figure of a seed pouring out its contents, (t. 61.), bear

the greatest resemblance to each other. The seeds of

fuci, in general, must be very minute : they seem to

abound imperceptibly in the sea, as the impalpable

seeds of fungi, musci, and lichens, do in the air.

In most of the tuberculiferous fuci there are visible,

besides the seeds, and intermixed with them, nume-
rous elliptical pellucid granules, much more minute
than the seeds ; together also with many small jointed

^fibres, among which the seeds and pellucid granules lie

imbedded.

Duration of Fuci, and their Rapidity of Groiuth.

The fuci, like land plants, reach maturity in differ-

ent spaces of time, and endure for different periods.

Many of the smaller and more delicate are annual

;

others of the herbaceous kind seem to be biennial, or at

least frequently perish at the end of the second season ;

and many continue for several seasons. Those with
stems of woo<)y texture endure for a considerable nura-
l)er of years, in situations where they are protected
from the violence of the waves during storms. Old
stems of Fucus digitatus are frequently to be observed,
not only completely invested with parasitic fuci, con-
fervsE, and flustrae, like old trees with lichens and mos-
ses, but with the epidermis and bark become split and
rough, and loosened from the woody part of the stem.
The well known Fucus saccharinus has been observ-

ed to renew its frond in a very curious way, the new

Fuci.growth proceeding from the base, and pushing before

It the old frond after it has discharged its office, in the

same way as the human nails are renewed. " The
plant,"' observes Mr Turner, " thus acquires a peren-

nial growth, and as TibuUus beautifully says of the

serpent, nows cxuit anwis." It is the opinion of Mr
Turner, that Fucus agarum (t. 75.) renews its frond

in the same way.
In judging whether a fucus belongs to the class

of annuals or perennials, besides attending to the ge-

neral structure and habit, Lamouroux has pointed out

another mark : he has very commonly foimd, that those

fuci, which bear their fructification on the branch-

es, are perennial, while those which have it on t'he

tips of the fronds are annual.

It is remarked by Mr Turner, that the smaller and Rapidity o'

more delicate sea-weeds protluce their fruit in the be- growth,

ginning of autumn; while the larger and coarser species

prefer for this purpose the " stormy months of winter."

But the rapidity of growth of some of the large coria-

ceous kinds throughout the winter, is wonderful, and it

is believed has only of late been fully ascertained. The
facts shall therefore be stated with some minuteness of

detail. They were observed in the course of the verj'

arduous undertaking of erecting a stone-beacon on a
low rock called the Carr, situated near the entrance of
the Frith of Forth: and when we mention as the ob-

server the distinguished civil engineer Mr Stevenson, a

man accustomed to habits of accurate observation, it is

perhaps superfluous to add, that particular attention was
bestowed at the request of the writer of this article, and
specimens of the fuci transmitted to him. The Carr

Rock is about 20 feet broad, and 60 feet long : it is only
uncovered at the lowest ebb of spring tides. It was com-
pletely clothed with the larger fuci, particularly Fu-
cus esculentus and F. digitatus. In the course ofautumn
1813, the workmen had succeeded in clearing out and
levelling with the pick and axe a considerable part of
the foundation of the intended beacon, vfhen, in the be-

ginning of November, the operations were necessarily

abandoned for the winter. At this time the rock was
reduced to a bare state. The coating of sea-weed had
at first been cut away by the workmen ; the roots or

bases were afterwards trampled by their feet ; anti

much of the surface of the rock had been chiselled.

Upon returning to the Carr in May 1814, in order to

recommence operations, it was matter of no slight sur-

prise to find the surface again as completely invested

with large sea-weeds as ever it was, although little

more than six months had elapsed since the work had
been left off, when, as already said, the rock was
cleared of weed. In particular it was observed, that

many newly produced specimens of Fucus esculentus

measured si.x feet in length, and were already furnish-

ed with the small appendages near the base, or pinnae,

which at maturity contain the seeds of the plant. Light-

foot mentions four feet as the ordinary length of this

fucus, but adds that it sometimes reaches nine feet.

Those at the Carr Rock, therefore, were nearly fidl

sized. The common tangle, F. digitatus, was general-

ly only about two feet long ; but this species when ful-

ly grown seldom exceeds three or tour feet. It is to be
observed, that the specimens here alludeil to were ta-

ken from that part of the surface of the rock which
had been dressed off with the pick and chisel the pre-

ceding autumn, they had therefore grown from the

seed ,- and indeed it was remarked, in general, that the

sea-weeds had grown more luxuriantly on the newly-
dressed rock, which is sandstone, than from tlie old

stools, wliich had been merely cut over, or trodden
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growth of the stronger sea-weeds ; and this does

been interrupted by the rolling of

Geiifrul

ttruclurc.

down by the workmen's feet. It appears, therefore,

that the seeds of these fuci, floating about abundantly

in the waters of the Frith of Forth, must have attach-

ed themselves to the dressed surface of the sandstone

after the middle of November, and must have vegeta-

ted and increased with great rapidity during a winter

remarkable for severity : for this, it will be remember-

ed, was the winter of the ^JT«<//-Oi/ as it was styled,

which continued nearly the whole of the month of Ja-

nuary ISl*, and of which a very full account will be

found in the Scots Magazine for February of that year.

Other circumstances, it may be observed, were here

favom-able to their growth. During the winter and

spring months, the Carr Hock must liave been almost

constantly under water. The incessant struggle of the

tides at Fifeness is calculated to produce that degree of

agitation which has long been considered favourable to

tlie

not seem to have
heavy waves for many weeks duruig winter.

If, however, still further proof of the rapid growth

were wanted, the experience of the following season

afforded ample evidence. In autumn 18 14-, a course

of large hewn freestone was completed, and the ope-

rations were again suspended till the following sum-
mer. It was as late as the beginning of July 1815 be-

fore the weather permitted boats to approach the rock

at low water ; when, on the new course of the beacon,

a crop of Fucus esculentus was found, the fronds of

which measured on an average six feet long, and were,

as before, furni-shed with i)inn.T?. 'i'his must of neces-

sity have been the grolvth of not more than eight

months from the time of the very minute seeds liaviug

attaciied themselves to tlic hewn stone.

The opinion of Lamouroux, therefore, that during

winter the vegetation of sea plants is suspended like

that of land plants, is proved to be erroneous.

It may here be mentioned, that Dr Walker states, *

on the authority of the kelp-makers, that " sea-weeds

do not grow so much in seven years upon freestone as

they do in two years on whinstone." The facts above
detailed shew that this remark is not universally appli-

cable, although it may be true of the loose masses of

stone on the shores, which, if soft, must be liable to

be worn by the striking of smaller boidder stones.

It is not improbable, that the growth of the large pe-

lagic fuci may even be much more rapid than that now
described. The Fucus giganteus of the Pacific Ocean
attains several hundred feet in length : Forster mentions
specimens even 800 feet long. In the bays ofthis coim-
try, F. filum frequently reaches 30 or 40 feet, and in

some places, as Scalpa Flow in Orkney, this is consi-

dered as the growth of the summer and autunui montlis,

from May to October.

General Structure, Sjc. of Fuci.

From the characters of the orders in Lamouroax's ar-

rangement, some notion of the general structure of the
different tribes of marine plants must already have been
acquired. In treating farther of the same subject, bre-
vity shall therefore be studied.

In general it may be observed, that some species are
coriaceous, often branchetl and shrub-like; some are
membranaceous, and traversed by a longitudinal nerve
or midrib ; others are filiform, generally not jointed :

they produce receptacles, tubercles, or capsules; and
most of them are furnished with air-vesicles.

Decandolle considers marine plants as composed en-

tirely of cellular tissue ; attributing the di fference of struc- ^'tlci.

ture observable in the stems, the mid-ribs or nerves, and '^'"v''""

the fronds, to modifications in the form of this cellular

tissue. Mirbel is of the same ©pinion. It is certain

that all the parts of sea plants are much more near-

ly of uniform texture than in land plants in general;

most of them seeming to be capable of changing into

others ; the peduncle becoming a branch, the air-ve-

sicle a frond, and so on. Lsmiouroux, however, has

remarked, that the stem of Fucus digitatus is form-

ed of four distinct parts, analogous in situation, relative

size, and even organization, to the epidermis, bark,

wood and pith of dicotyledonous plants. It pei-haps

vequu'es some aid from the imagination to enable the

observer to see all this. But it is certain that a section

of the stem of Fucus digitatus forms a curious micro-

scopic object, and tiiat it is distinctly perceived to be
composed of longitudinal parallel jointed colourless

fibres, disposed in concentric circles, and constituting

altogether a pretty solid mass. Lamouroux has like-

wise discovered, or imagined he has discovered, in cer-

tain sea-weeds belonging to different tribes, most of
the charailers which distinguish the brilliant corollas of

phajnogamous plants, the stems and leaves of trees,

and the herbaceous structure in general.

That marine algce are not furnished with continuous
vessels of the same nature as those of land plants, is dj-
vious, from the well known remark, that if one portion

of a sea plant be plunged in water, and the other left ex-

posed to the air, only the immersed portion remains in

vigour; no fluid seems to rise speedily enough through
the frond to nourish or refresh the other part ofthe plant.

I'he result of microscojtic ob^:crvation, and attempts at

injection, support tlic same view. On the other hand,
the fructification of some families, as the Fucacese and
Floridea; of Lamouroux, is observed to be jilaced almost
always on the stems or branches, near to the masses ot'

fibres, or at their extremities. In the Dictyodeae of the
same writer, the more regular and visible the structure

of the reticulations, or cellular tissue, appears, the si-

tuation of the fructification is found to be more uni-
form ; and the less regular and distinct, the fructifica-

tion is more scattered. The production of ca]>sules re-

gularly at the extremities of brandies or fronds, which
is observed in many species, proves tlie existence of
some kind of vessels, and the elaboration of particular

fluids. Upon the whole, therefore, as something ana-
logous to circulation is indispensable, the masses of fi-

bi'**, or cellular tissue with lengthened cells, may be
considered as calculated to perform the functions of
longitudinal vessels. Horizontal vessels are distinctly

seen in some species, particularly F. vesiculosus and
nodosus.

Some of the fuci are quite cartilaginous in texture
;

such as the stem and midrib of ¥. esculentus, and the
whole plant of F. aculeatus. A few species dissolve

into jelly on being placed in boiling hot water. Some
are quite flexible when recent, and become stiff and apt
to break when dry : others, on the contrary, as the ge-
nus Dictyopteris of Lamouroux, are stiff and frangible

when living, and become flexible when dried.

The jointed structure of the frond was long consi- jointed
dered as characteristic of Coiijtrva' ; but tliis, it is suuctui*

now admitted, does not effectually distinguish them
from several fuci, such as F. fruticulosus and pinastroi-

des, or even some lichens and fungi ; and it has there-

fore been abandoned as a generic distinction. Lamou-
roux remarks, that it is easy to distinguishthe truly ar-

* Tratitartionj of the Highland Sotitty, vol, i. p. 27;
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tictilated sea-weeds, or ra«rine coiilefv», from those

fuci that are marketl by contractions or partitions. If

the stem of these last be cut lonpitiulinally, the sub-

stance siiews no raark of interruption, but appears

quite homogeneous. In the former, the tissue ap-

pears at every joint to change its quality and form, and

the colour varies. Some of the small cylindrical fuci

seem to acquire the ajipearance of contractions or parti-

tions just before the time of fructihcation ; nature per-

haps producing these partitions, to give firmness to

the stems, or to delay the circulation of the juices, and

make them undergo a more complete elaboration at this

crisis. It was first observed by Mr Dillwyn, tliat tlie

aculci of F. aculeatus are regularly jointed, and that

the main filaments towards their extremities have a joint-

ed internal tube : all of these jointed appearances va-

nish as the plant grows old. I'he tufted fibres of F.

radiciformis (Turn. t. 189) n>"e also jointed; as are

those likewise of F. pedunculatus (t. 188). F. dasy-

phyllus (t. 22), it may be noticed, is sometimes, but
rarely jointetl ;

generally it is without joints.

No part of the structure of fuci has more uni-

versally attracted notice than the inflated portions of

the stem or frond resembling bladders, seen in many
species, and particularly conspicuous in tlie well-known
F. vesiculosus and nodosus. (See Plate CCLXI.
Fig. 4, 5.) They are now generally denominated Air-

vesicles, or simply Vesicles. Most of the sea-weeds ha-

ving a texture approaching to ligneous, are provided

with distinct air-vesicles ; and those that are not so pro-

videtl, have in their stems empty spaces, sometimes visi-

ble to the naked eye. These probably serve the pur-

pose of air-vessels : they proceed from the root or base,

rise with the stem, and disappear in the frond.

Formerly, the air-vesicles were generally supposed
to be the male fructification. The generic character of

Fucus, given by Linna:?us, was the following: " Male,
Vesicles smooth, hollow, with villose hairs within, in-

terwoven. Female, Vesicles smooth, filled with jelly,

sprinkled with immersed grains, prominent at the tip,

seeds solitary." If the reader imagine to liimself the

application of this character to the common F. nodosus,

he will perceive, that by male vesicles must be meant
the air-bladders ; and hyjemale vesicles, the receptacles,

the immersed grains jwominenl at (lie tip, being a suffi-

ciently distinct description of the tubercles. They were
afterwards for a long time considered as destined mere-
ly to give buoyancy to the plant. It is now, however,
generally believed, that they serve some important pur-

pose in the economy of sea-weeds. I>jimouroux consi-

ders them as respiratory organs ; and he observes, that

where they are wanting, the organization is less compli-

catetl, and the vital functions are more simple. He af-

firms, that sea plants exert the same action on atmosphe-
ric air as land plants. The ligneous fucacese, he says,

absorb oxygen during the night, and give it out during
the day, tlwugh in very small quantity. Analogy would
lead us to consider this statement as probably correct

;

but whether it is founded on direct experiment, is not
explained by the author. I'he Florideee, he adds, exhale
less oxygen than the former. They retain it, in his

opinion, in order to produce the brilliant tints which
adorn them. The Ulvaceap, like herbaceous land plants,

give out by the action of light, a great quantity of oxy-
gen gas, and a little carbonic acid. The decomiKisition
of tJie atmosjiheric air must tiike place in the vesicles,

«r in the spaces or cells already alluded to ; these per-
haps at once serving as reservoirs, and as organs for

decomposing the air. On some species, vesicles have
never yet been fonnd; but Turner is iacliued to

Fuci.

wliitc luin.

Food of

think, that noiit are entirely and at all time.i destitute

of them ; so that the division *' absque vesiculis" might
he given up.

Many fuci, such as the common F. vesiculosus Pencils of

and serratus, liave small tufts of white filaments like

hairs scattered over their surface. Reaumur conjectu-

red, tliat these might be a sort of male flowers, and as

such he describejl them. In this notion, he was follow-

ed by some distinguished botanists. But they are now
known to be analogous merely to the hairs on land
plants, and to be useful probably for the secretion or
absorption of particuliu- fluids. It has generally been
said, that they occur on the plant in every stage of its

growtli, and at all seasons of the year. Lamouroux,
however, asserts, that they are not permanent, but disap-

p(!ar at certain seasons, and at certain stages of the life

of the plant. They are never seen on the stem or the

nerve, but on the frond only.

It does not appear probable that the submersed al-

gae derive much of their nourishment from the processes
sea-weeds.

by which they are attached to rocks or other substan-

ces, although these processes in many instances resem-
ble roots, and usually receive that name. It appears

likely, that the principal part of their food is imbibed
by their general surface. They are attached to rocks

of mica-slate, greenstone, basalt, sandstone, and lime-

stone. Many of the smaller kinds grow on the stems of

the larger plants. It is to be observed, however, that

Mr Turner, in the introduction to his Synopsis of Bri-

tish Fuci, hints it as his opinion, that the root-like pro-

cesses are not merely intended for fixing the plants,

but are to a certain degree usefid as organs of nutrition;

and he mentions that some species seem peculiar tochalk,

some to sandstone, and others to still harder rocks. On
the other hand, at least one species, Fucus bacciferus of
Turner, (t. 47), has never been found with a root or

base : it evidently lives and increases while floating

about. The extensive meadows of sea-weeds through
which navigators to distant coiuitries continue to sail for

days in the unfathomable ocean, and which are found
in afresh and growing state,- afford convincing evidence
that certain kinds of fuci at least are not entirely, nor
even chiefly, dependent- on their roots for nourishment.
M. Desvaux, editor of the Journal tie Botanique, has
lately made a direct experiment on this subject. Ha-
ving detached some fuci above the roots, he fixed them
to stones by means of cords or other artificial methods,
and plunged them again in the sea. Having visited

them some time after, he found that they had increased

very sensibly.

Some authors liave supposed Uiat the fuci are nou-
rished by their mucilage : but this is only removing the

difficulty one step ; and besides, particular species, as

F. esculentus, possess little or no mucilage. It has
been remarked, however, that the cups or discs of F.

loreus become flaccid and destitute of juice, whenever
the thongs of the plant have attained fidl size; and this

has been ascribed to the exliaustion of the mucilage by
their growth.

The Caulerpae of Lamouroux creep in the sand, and
seem to possess true roots ; but these, though at pre-

sent associated with the fuci, form not only a very dis-

tinct genus, but a separate family.

Colours of Fuci.

The colours of sea-weeds have not yet been much Colours of

attended to. A great proportion of the fuci are of sea-weed*

an olive hue; olive brown, olive yellow, or olive

green. A good many are red or brownish red. Some
are verdigris green, particularly F. reruginosus, {Turn.
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Vaa. t. 147,) a species from the Red Sea, resembling Lichen
""V"^ |>runastri, and F. Valentiae, (t. 78), brought also from

the Red Sea, by tlie nobleman whose name it bears ;

the 'latter rendered more remarkable by producing
bright red spherical tubercles, which form a striking

contrast with the glaucous frond.

Some phaenomena not uninteresting to the phy-
siological chemist are slightly mentioned by Profes-

sor Mertens in the Allgemeinc lileratur Zeitung for

1810, in his critique on Mr Turner s History of Fiici.

He states that F. ligtdatus and F. viridis ( Turn. t. 97.)
possess the property of suddenly altering the colour of

other fuci along with which they happen to be steeped

in a vessel full of fresh water; the red colour of Conferva
rubra, or Fucus ovalis, being changed to purple, and
these plants rendered at the same time much more prone
to decomposition, while the ligulatus and viridis remain
unhurt. F. viridis itsel f undergoes remarkable changes.

While the plant is growing, it is of a deep rich orange ;

but, says Mr Turner, " no botanist can have gathered
it without being struck by the circumstance, that before

he had conveyed it home, it had changed its original

golden hue to a bright verdigris green." At the same
time, it undergoes a change in its substance ; from
being stiff and elastic, it becomes completely flaccid.

Humboldt and Bonpland describe, * under the name of
Fucus vilifolius, (as already mentioned,) a species ofa fine

grass green colour, brought up, at I'Alegranza, from the

great depth of 192 feet, at which depth it had vegetated.

The light at that depth could only have been equal to half

the light of an ordinary candle; yet, according to Hum-
boldt's experiments, common garden-cresses, exposed
during vegetation to the light of two Argand's lamps,
acquire only a slight tint of green. That distinguished
philosopher therefore condudes, tliat it is only under the

influence of the solar rays, however weak, that the car-

buret of hydrogen is formed in the organs of plants, the

presence of which makes the parenchyma appear of a
lighter or darker green, according as the carbon prepon-
derates in the mixture.

The colour of all the soft and annual fuci depends
on a very fugacious extractive. Those that are hor-
ny in texture retain their colour with more force. Se-
veral of them become of a greenish hue when boiled;
and every one wlio has seen dulse fried, must have re-

marked the change to green produced by the applica-
tion of heat. The ultimate tendency to a green hue ob-
servable in several species, may probably be ascribed to
the more complete developement of the alkali contain-
ed in the plant.

To the botanist it may be useful to know, that when
ihere is reason to suspect that the appearance of the
plant is changed by exposure to the air or rains, the
original colour may often be detected by holding up
*'"- specimen against a strong light. For example.

Fuci.

the

F. sinuosus, which is frequent orTthe stems of F.'di-
gitatus, and has fronds resembling in shape the leaves
of Alnus incana, is, when fresh, of a rosy red colour

;

in decaying on the shore, this changes first to violet,
and then to tile red: but on holding the specimen
against the hght, the original rosy hue may be detected.
Wahlenberg notices concerning F. plumosus, that when
repeatedly washed in fresh water, it becomes green

;

that, in dilute muriatic acid, it preserves its colour,
and when removed from it becomes green, as if an al-
kali had been poured on it.

Another species, F. ericoides, (Turn. t. I9I), pos-
sesses the more extraordinary property of reflecting

bright glaucous tints wlien seert under water in a grow-

ing state. It is naturally of a yellowish green colour,

but under water appears as if in a state of vivid phos-

phorescence. On withdrawing it from the sea, the

brightness vanishes. The phenomenon has not been

thoroughly examined. This fucus grows on the shores

of Devonshire and Cornwall ; but Mr Stackhouse, who
spent his days in those districts, and had many oppor-

tunities of observing the appearance, only says that the

colour resides in, or is occasioned by a slimy mucus
which covers the frond. When dried, the plant be-

comes of a reddish brown colour.

Concerning F. ligulatus, a species which occurs,

though not plentifully, on our shores, and is excellent-

ly figured by Lightfoot in his Flora, (t. 29,) Profes-

sor Mertens mentions a curious fact : in the sea it is

of an olive green colour ; but as soon as it is brought

in contact with the air, it becomes of a deep orange, or

rather the colour of decayed leaves. The only speci-

mens we have seen, which were taken from the rub-

bish of a fishing-boat at Newhaven in the Frith of

Forth, were of a pale dull green ; but to this colour,

Mertens observes, the orange tint soon declines.

It has been remarked of some of the smaller and
more delicate fuci, that the same species seems to vary

in apjjearance, size, and especially colour, according to

the nature of the substance to which it happens to be

attached, whether a stone or shell, or the stem of a

larger sea-weed. But this observation is by no means
of universal application. Variations are more generally

occasioned by the climate in which the plant grows ;

the deptli of water ; the exposed or sheltered nature of

the situation ; m- the proximity to the mouth of a river

or body of fresh water.

General Distrihition of Fuci.

A few remarks on the general distribution of the fuci ?*"*^,-^
may here be made. Some may be considered as pro-

^^^^ ^1^^,

^
perly pelagic, as F. pyriferus, (Turn. t. 110), the gi- giobf.

ganteus of Foster, or the badreux of the Falkland Islands.

This sends out numerous fronds, and the upper and
under fronds are frequently found soldered as it were
together, at certain spots of the edges. This species

occurs so abundantly in the Soutli American seas as to

resemble islands, and it is one of the chief of the gigan-

tic fuci alluded to by circumnavigatoi's. Linnaeus mere-

ly says, that it is the longest and largest of the fuci.

Solander measured some of the apices, and found

them to be from ten to twelve feet ; but he gives no
guess as to the length of the entii-e plant, which is said

to extend from .500 to 1000, or even 1.500 feet. F. po-

lalorum of Labillardiere, is another of the great pela-

gic fuci, of such ample dimensions, that particular parts

of it furnish various household implements to the na-

tives of New Holland.

Others, of a small size, which are never found but

in the great ocean, may, it is thought, have originally

been torn from the shores : this is the case with the nu-

merous species which have long been confounded to-

gether under the convenient name of Fucus natans, and
which constitute the well known fields of floatmg sea-

weeds met with in the great oceans.

The fuci of the northern seas are in general different New Hol-

in character and appearance from those of the tropics or '

of high southern latitudes. To take for example New
Holland. It is well known that the land plants of this

singular country have a peculiar character, arising

chiefly from many of the trees and shrubs being aphyl-

Planta jB^inocliales, vol. ii. p 8, t. 69.
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<• Kuci. loll!), and many others having leaves puintiii^ upwards-,

' or presentiiif^ botli surfaces equally to the light. 'J'he

shores afford a tribe of fuci equally different from those

of other parts of tlic world. They belong to the /m«
proprii, and are all composed of a stem repeatedly pin-

nated with different series of branches, the whole of

which, as well as the stem itself, are flat, and formed,

as it were, of a set of distinct ioiTits, placed upon each

other in a sort of zigzag direction ; the branches almost

always arising from the flat part of the stem, and not,

as in Europe, from the angles. This tribe of fuci was
brought to light by our justly celebrated countrj-man,

Mr IJrown, during his voyage with Captain Flinders

and residence in \'an Diemen's land already alluded to,

M. Labillardiere having happened to observe only one
species of the tribe : this one was the very remarkable
F. Banksii, ( Turn. 1. 1 .) which occupies on the Austral-

aaian shores the place of our vesiculosus. Instead of our
serratus, these shores possess F.confluens, {Turn.t. 141.)
a species which resembles it, but wants the midrib.

The place of our large digitatus and bulbosus is there

supplied by a distinct species considerably resembling
them, described and figured by Mr Turner under the
name of F. radiatus, t. 134.

The temperature of the ocean in different regions may
be supposed to vary much less than that of the land: on
account of the moveable nature of the element, the means
of transportation of fuci must be more easy than in

the case of land plants : and the waters of the sea ap-
pear almost every where to teem with the seeds of fuci.

It is not surprising, therefore, that some tropical spe-

cies should make their appearance in high latitudes, or
that particular kinds should be found in places the

most remote from each other, and climates the most
opposite. Fucus agarum is found chiefly in the In-

dian Ocean ; but it occurs also at Nova Scotia and in

Hudson's Bay. F. cartilagineus of Linna;us,
(
T'urn.

t. 124.), which is abundant at the Cape of Good Hope,
and often gathered there to form ornamental pictures,

is found also on the shores of Finmark ; and F. flagelli-

formis of Flora Danica, (t. 650.) is found both at the
North Cape of Norwaj', and at the southern promon-
tory of Africa. Some are most widely distributed over
the globe, but are not abundant in any particular quar-
ter. F. musciformis of Wulfen {Jac. Coll. iii. t. 14.)

has been found on the coast of France in the Adriatic,

off the coast of Egypt, at Ceylon, in the West Indies,

at New Zealand, and in Nootka Sound. F. thyrsoides

is marked by Mr Turner (vok i. p. 38.) as found at

New Zealand by Sir Joseph Banks, at Jamaica by Dr
Wright, and in the Red Sea by Lord Valentia. F. tur-

binatus, Lin. (Tiim. t. 24.) is a native equally of the
seas of the East and West Indies. F. acanthophorus
of Lamouroux, ( Turn. t. 32.) is found on the coast of
North Amei-ica and in the Red Sea. F. Wrightii of
Turner, (t. 14S.) on the shores of Jamaica and the Red
Sea. F. triangularis {Turn. t. S3.) has been picked up
at Jamaica, New Holland, and New Zealand. Several
species inhabit the shores on both sides of the Atlantic,
as the common kelp weeds, F. vesiculosus and nodosus.
F. dentatus, which is common in the Frith of Forth,
grows also in the Chesapeak. Some other British
species are very widely disseminated over the world.
I'he elegant pinastroides of our shores w as observed on
the coast of New Zealand by Sir Joseph Banks, and has
been found also at Ceylon. F. fibrosus ( Turn. t. 209.

)

is common to England and the coast ofGuiana; F. plica-
tus, to this country and New Holland. F. tomentosus,
(Turn. t. 135.) which occurs on the southern shores of
iyigland and Irelandj has been found also in Uie Medi-

terranean, ill Nootka Sound, and at the Cajic of Good
Hope. A very common British s|)ecies, F. silicpiosus, in-

habits likewise the Mediterranean and Adriatic, and has
been.'observed at Newfoundland, and in the Chinese seas.

A local disposition may be traced in some cases. In
the East Indies, for example, the Straits of Sunda have
afforded two curious species, with leaves resembling
holly and dwarf-oak, F. aquifolius and ilicifolius of
Turner (t. 50, 51.) The uncommon looking F. muri-
catus of the same author, (t. 112.) is a native of the'

same Straits. None of these have hitherto been found
elsewhere. F. tenax, {Turn. t. 125.) one of the most
useful of the tribe, is peculiar to the seas of China. The
Caulerpae may be considered as belonging to the Red'
Sea and New Holland. At the Cape of Good Hope,
the place of our digitatus and bulbosus is occupieil by
F. buccinalis, (Turn. t.

139.
J which is often observed

floating about in great quantit}', and, from its fistular'

and inflated stem, has received from navigators the
name oi irtimpet-niecd : by them its appearance is hail-

ed as a sure prognostic of the vicinity of the Cape.
F. flaccidus of Turner (t. 6l.) is there parasitical on the
larger fuci, like alatus and coccineus with us. Two
Cape species are remarkable for being elegantl}' fringed
along the margin, F. erinaceus

( Turn. t. 26". ) and F.
vittatus, or ribbon weed, (t. 64.) Some are peculiar to
the north-west coasta of America. Among these may
be mentioned F. Menziesii, ( Turn. t. 27. ) named in
honour of Mr Menzies, who attended Captain Vancou-
ver in his voyage of discovery, but whose valuable re-
searches in the department of natural history are brought
to light only in a tardy and almost accidental manner,
he having received no encouragement from Government
to publish his many botanical discoveries. To it may
be added F. herbaceus, of Turner, (t. 99.) resembling a
broad-fronded ligulatus ; two others of Turner, F. os-
mundaceus(t. 105.), cordatus (t. 116.), and F. flocco-
sus of Esper {Icones, t. 1 00. ) ; with F. costatus of Tur-
ner, (t. 226.) curiously ribbed. Others of the north,
west American species are found also in other countries

:

F. bracteatus
(
Hist. Fuc. t. 25.) occurs at the Cape, and

F. ovalis (W. t. 81.) is common to Nootka Sound and
the shores of Britain. A few may be set down as pe-
culiar to the Mediterranean, as F. nervosus of Decan-
dolle

(
Turn. t. 43.), and linifolius of Turner, (t. 168.)

F. purpurens,
(
Hist. Fuc. t. 224. ) is very plentiful in

the Mediterranean ; but it is likewise found in the Red
Sea. I', viridis, which is met with on the southern
shores of England, but so sparingly as to be accounted
a botanical discovery, occurs abundantly as a j)arasite
on F. vesiculosus and serratus on tlie coast of France.
These, as is well known, are two of our most common
kelp fuci on the shores of Scotland ; but in this countrv
F. viridis never appears upon them. The very elegant
small species F. asparagoides and Wigghii, {Hist. Fuc.
t. 101,'102.) have not, it is believed, been found beyond
the precincts of the British islands, and have more fre-
quently occurred on the beach at Yarmouth than else-
where. F. pusillus seems also to be local, and is de-

'

scribed as creeping like a jungermannia, on the red
sandstone rocks at Sidmouth in Devonshire. (Ner.
Brit. t. 6. ) A few may be ranked as arctic species

;

particularly F. distichus of Linnaeus, (Turn. t. 4.) and
ramentaceus, (t. 149.) F. lycopodioides grows plenti-
fully on the most remote shores of Norway, and occurs
sparingly on- the coast of Scotland. F. soboliferus
{Flor. Dan. t. 1066.) is common in Finmark, and has
been detected on the shores of the Orkney Islands by
Mr Fothergill. F. plumosus is one of the oinanients of
tJie shores of the south ofXagland ; but it increafe^ in

Fuci.
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size and beavitj- as we proceed northwards, and is much
finer in Orkney than in Cornwall : it has been obser-

ved even in Davis Straits.

Many species which grow most abundantly on all

the shores of Europe which are exposed to the great

ocean, are not to be found in the Baltic Sea, the waters

of which are less salt, and are little affected by the in-

fluence of the tides. Hasselqiiist, in his Travels, ex-

pressess delight at meeting with our common F. saccha-

rinus when he first cleared the Baltic. Some of those

species, particularly F. vesiculosus, which grow very

far up in the lochs or friths of the west of Scotland, do
not ap[>ear in the Baltic. F. nodosus and serratus, it

may be added, continue near to tile heads of the Scot-

tish arms of the sea ; and F. canalicidatus is found in

the most extreme corners to which the sea-beach ran

be said to extend ; being exceeded only by F. amphibi-
us, {Turn. t. 109,) which grows like a coralloidal lichen,

parasitically on herbaceous plants, in salt marshes. On
the banks of rivers too, where they enter the sea, F. ca-

nicidatus is found very high up, even among the brack-
ish water.

On our open sea-shores a certain order is observed
in the habitat of the fuci, each species occupying pretty

regularly its own zone or station. F. filmii or sea-

laces grows in water some fathoms deep. In places

where the tide seldom entirely ebbs, but generally leaves

from two to three feet of water, grow F. esculentus and
bulbosus, and the larger specimens of digitatus and
sacchiuinus, with some small kinds, as F. palmatus, si-

liquosus, and sanguineus. In places uncovered only at

the lowest ebbs, smaller plants of digitatus and saccha-
rinus aboinid, with F. loreus or sea-thongs. On the

beaches uncovered by every tide, F. serratus occurs
lowest down, along with crispus and mamillosus ; next
comes F. nodosus ; and higher up, F. vesiculosus. Be-
yond this F. canaliculatus (already mentioned) still

grows, thriving very well if only wet at flood tide, and
though liable to become dry and shrivelled during a
great part of the day. Lastly, F. pygniaeus, figured by
Lightfoot, (t. 32.) is satisfied if it" be within reach of
the spray.

Floati7ig Sea-Keeds.

The great accumulations of sea-weed found floating

in the Atlantic, Pacific, and Indian Oce.ins, on each sidu

of the equator, nearly to the 40th degree of north and
south latitude, have already been alluded to ; but they
are not undeserving of further attention.

The Mar do Siirgaxso (or sea of sea-weeds) of the
Portuguese, stretches between the 1 8tli and 32d paral-
lels of north latitude, and the 2r)ih and 40tii meridians
of west longitude. It is oflen called the Grassy Sea,
and is mentioned by many navigators. It is thus
described by Barrow, in his Voyage to Cr.c/iiiicliina :

" The surface of the sea for several days was literally

covered with plants. Some of them were many feet in
diameter ; others only a few inches : all appeared in a
growing state. The globose berries (by which Mr Bar-
row means the air-vesicles) were in some plants green;
in others red. If taken out of the water, the plant be-
came flaccid, and in the space of four and twenty hours
turned brown or black. The naturalist in every plant
may find a great variety of marine insects and worms,
some naked and others with testaceous coverings."
Those plants with green vesicles, it may be remarked,
were probably specifically distinct from such as had
red.

It is stated by Humboldt in his Personal Narrative,

that in the great basin of the Atlantic N'x)rthern Ocean, Fuel

there exist two banks of floating se.i-weed. The most ^
extensive is a little west of the meridian of Fayal, one
of the Azores, between latitude 25° and 36'^. Violent

north winds sometimes prevail in this space, and drive

the sea-weed to the low latitudes, as far as 24" or even
20°. Vessels returning to Europe citlier from Monte
Video or the Cape of Good Hope, cross the bank near-

ly at an equal distance from the Antilles and Canaries.

The other occupies a much smaller space between 22°

and 26"°, eighty leagues west of the meridian of the Ba-
hama Islands. It is generally traversed by vessels on
the passage from the Caiques to the Bermudas.
Columbus and Lerius encountered most extensive

banks of floating fuci in their adventurous voyage :

they compare them to extensive inundated meadows,
and complain of their impeding the progress of the

vessels. So novel a scene produced no little conster-

nation and alarm in the crew of the Santa Maria.

Detached patches of floating sea-weeds of various ex-

tent, but not deserving the name of banks or meadows,
are met with in different parts of the Atlantic. Bon-
pland observed such patches to the north of the Cape
\"erd Islands.

Linnteus, speaking of Fucus natans in the Sjtedes

Plantarum, says, " Vegetabile, in fallor, inter omnia in

orbe numerosissimum." But under this title he inclu-

ded a considerable number of species, indeed all that

generally occur in the " sea of sea-weeds." Tur-
ner ivas the first wlio effectually distributed the Lin-

naean Fucus natans into various species. He remarks
that they form a tribe by themselves, though very clear-

ly allied to the Fuci proprii of Weber and Mohr. Their

leaves never in any case lengthening into branches,

and their vesicles being altogether empty, seem cha-

racteristic circumstances. It was formerly thought that

these floating sea-weeds were natives of the Gulf of Mex-
ico, and were carried across the Atlantic by the Greiat

Stream : hence the common name of Gulf-weed. It ia

very evident, however, thatthe GulfStream would convey
them rather to the Banks of Newfoundland than to tlie

latitudes in which they usually occur; and it could not in

;my case accumulate them to the south of the Azwes.
There is no doubt that it was the opinion of Linnteus

that they vegetated in the ocean, and floated about with-

out ever being attached. Tins notion is like^v^se now
exploded. Several of the species and varieties have
been found with roots or bases, and some h.ave been
gathered in their native place of growth, where they

were fixed to the rocks. It appears likely that they

grow on rocks, probably at very considerable depths,

in the Atlantic, Pacific, and Indian Oceans, whence
they are carried, among other rejectamenta of the seas,

to the shores of almost every country, accumulating

however on the surface of the ocean, in certain lati-

tudes, owing to prevailing winds and currents. Some
ai-e inclined to think, that, being torn from their native

rocks before they attain maturity, they perfect their

seeds while in a floating state ; and it seems not unlike-

ly that this may sometimes be the case. M. Humboldt,
however, is of a different opinion : he thinks that vege-

tation can scarcely continue for a longer time in a de-

tached floating sea-weed, than it would do in the branch

of a tree torn from its trunk ; and he considers these

floating fields as composed of plants which have passed

maturity.

It is certainly very difficult to explain why great mo-
ving masses of marine plants should be found for ages

nearly in the same local positions. When decaying, they

may indeed be supposed to be carried away by the equi-

5
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I'uci. noctial currents ; which may scatter them even towards
^—^-^-f the coasts ol" France and Norway. But how the

frcsli weed is supplied ; by what causes it is detached

from depths jicrliaps of forty or sixty fathoms, where

it is generally thought the sea scarcely suffers afjitation,

are problems which remain to be solved. Lauuiuroux

indeed state?, that although i'uci adhere firmly before

the fructification a]jpears, they separate very readily

after this ])eriod; and Humboldt remarks, that fish and

mollusi'ous animals, by gnawing their stems, may also

contribute to detach them.

The spherical vesicles, supported on flat stalks, and

resemblinfj juniper berries, interspersed on the stem

and branches of the plants, were erroneously regarded

by Linnaeus as the fructification ; but the true fructifi-

cation, as ascertained by Turner, occurs in the form

of cylindrical receptacles on the branches, inclosing glo-

bular tubercles, which again contain the seeds. It may
be noticed, that Don Hippolyto lluiz, in his F/ora of'

Peru, and in his pamphlet, " De vera Fiici nalantis

Fruclificalionr," described the sexual organs of the float-

ing sea-weeds in a manner that surprised botanists in

general. Stamens and pistils were declared to be as

obvious in this fucus as in most of the pha?nogamous
vegetables I But the observations of M. Bonpland rec-

tifietl the mistake of Ruiz. Certain appendages in the

form of little cups and feathers, which betook for the

parts of fructification, were found, on close examination,

to be nothing else than parasitical zoophytes belonging

to the family of ceratophyta. When dried, they efl^er-

vesced with acids, as tlie calcareous substance of any
common sertularia or fliistra would do.

A'ery frequently the spherical vesicles, which have
already been compared to juniper berries, are as large

as small purple grapes, and have a striking resemblance

to them. For this reason, the name of Tropic Grape is

often applied to the floating sea-weed. As a proof that

the vesicles are intended in the case of F. natans, chief-

ly to give buoyancy to the plant, Huiz states that when
the vesicles are all cut off, the plant sinks.

The great collections of floating sea-weed which
have now been described, are not without their use in

the economj' of nature ; for they afford both food and
shelter to myriads of fishes and moUusca, and probably

tend, by giving forth oxygen, to maintain the whole-

some purity of the sea. To the mariner, the young or

most succulent shoots of F. natans offer an acceptable

salad, or they are prepared as a pickle like samphire.

Economical Uses of Sea-tveedi.

Economical ' It is observable on most coasts, that sea-weeds, or
uses of sea- many species at least, very suddenly disappear from
weeds in ge- the rocks in the autumn. They do not decay, like

land plants, on the spot where they grow ; but, losing

their hold, are washed away by the tides ; and, in the

narrow seas at least, generally wafted ashore to offer

their services to man. Among the Romans, indeed,

they were proverbially useless. When they wished to

stigmatise any thing as utterly worthless, it was de-

clared to be algci proicctd viUor ; and Horace, when he
speaks <4f alga covermg the shores as drift-ware, thrusts

in the epithet inulilis. In modern times, the alga ma-
rina has become useful and valuable in various respects.

To the agriculturist it furnishes a most important ma-
nure. To the glass-maker and soap-boiler it yields the
fixed alkali ; and the manufacture of kelp for this pur-
pose, lias become a valuable source of revenue to the
proprietors of the rocky shores of Europe, pai'ticularly
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of Britain, and more especially to those of the North-

ern and Western Islantls of .Scotland. Of such im- ''^^r~~'

j)()rtance has this manufacture appeared, that in some
l)laces attempts have even been made, and not without

success, to ciillivale the fuci. Hy merely covering sandy
bays with large lioulder stones, a crop of fuci has

been ])rocurcd in the course of two or three years, the

sea appearing every where to abound with the neces-

sary seeds. From the ashes of the fuci the chemist has
of late years derived the very curious elementary sub-

stance named iotline. Several of them are so rich in sac-

charine matter, and vegetable mucilage, that on the

shores of the northern countries of Europe, and in the

Scottish islands, much of the winter provender of cattle

is derived from them ; and in the city of Edinburgh
these plants are occasionally given as a useful stimulus

to the stomach of milch-cows kept in confinement du-
ring the winter. A few of them even afford foo<l to

man. What might least of all be expecteil, two or

three of them furni.'^h fuel to the inhabitants of coasts

where materials for firing are scarce. Some of the

smaller sorts yield various condiments, or afford fresh

salads ; while others are emploj'ed as medicines. From
a few of them, substances useful in the arts are pro-

cured ; and with some of the more delicate and ele-

gant species, ornamental jiictures are constructed.

While considering the different purposes to which
marine plants may thus be ajiplied, it may be agree-

able to the reader to see tlie descriptions of tliose chief-

ly employed, and more especially of such useful spe-

cies as inhabit the British shores. The descriptions,

however, must consist chiefly of the very accurate spe-

cific characters drawn up by Mr Turner, to which .some

explanations shall be added where they seem requisite.

It is scarcely necessary to say, that every kind of sea- .\s manure.

weed may be employed as mannrc. In jioint of fact,

what is used for this purpose is that whicli is cast ashore
by storms in the winter months, consisting of all sorts,

mixed with zoophytes, and all the other rejectamenta
of the sea. In many places, the value of such manure
is duly appreciated; while in others it is imaccciuntably
neglected : not that it is any where entirely despised,

but it frequently happens that on one day many
tons of drift-ware are cast on a particular shore, and
that on the next the whole is swept away. They who
would avail themselves of this bounty of the deep, nuist

snatch the moment of its being placed within their

power, and muster all hands to drag it at least beyond
the reach of the returning tide. It must not be left

very long in the heap, nor suffered to run into the pu-
trefactive fermentation ; for in this case, sulphureted
hydrogen, and other gases highly important in pro-

moting vegetation, escape rapidly, and in gi*eat quan-
tity ; leaving a comparatively inert mass. But for de-

tails as to the mode of applying this manure to lands,

so as best to secure its fertilizing effects, reference may
be had to the article Agricultlre.
The nature of kelp, and the mode of its manufacture, p^f making

are now generally understood. It is a very impure car- ke.'p.

bonate of soda ; containing sulphate and muriate of
soda, and also sulphuret of soda, with a portion of char-

coal. In Scotland the manufacture is carried on chiefly

in the months of July and August. The kelp kiln is

nothing but a round pit or basin dug in the sand or
earth on the beach, and surrounded with a few loose

stones. In the morning a fire is kindled in this pit,

generally by means of peat or turf This fire is gradual-

ly fed with sea-weed, in such a state of dryness that it

will merely burn. In the course of eight jr ten hours,

c
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Faci. the furnace is found to be nearly full of melted matter.

"^•C^ Iron rakes are then dra>vTi rapidly backward and for-

ward through the mass in the furnace, in order to com-

pact it, or bring it into an equal state of fusion. It is

then allowed to tool, when it is broken in pieces, and
carried into a store-house, to remain till shipped.

The making of kelp from sea-weed was practised in

France and England for more than half a century be-

fore the manulacture was introduced into Scotland.

Mr James Fea of Whitehall in Stronsay was the first

person in Orkney who (about 1722) exported a cargo

of kelp ; he sailed with it himself to Newcastle ; and
his success in the enterprize soon aroused the attention

of the Orcadians. At present, in coasting these islands,

as well as the Hebrides, in the summer months, great

volumes of smoke are every where to be seen rolling

from the kelp furnaces, and the peculiar odour, pro-

bably arising chiefly from muriatic acid gas, is felt to

a considerable distance. From £40,000 to £50,000
Sterling, are thus yearly brought into the country ; but

it must not be concealed, that in most of the islands

agriculture has suffered, from the attention of the small

tenants having been diverted from the land, and, by
the influence of the landholders, turned almost exclu-

sively to the manufacture of kelp.

The fuci which are chiefly cut on our shores for this

manufacture, are Fucus vesiculosus, nodosus, and serra-

tus. In some places, F. loreus and filum are employed,
but not to a great extent. By means of a boat and long
sharp hooks or bills, F. digitatus is cut in some places

;

and this species, together with F. saccharinus, bulbosus,

and esculentus, fonn much of the drift-ware employed
in making of kelp. Some of these are no doubt richer in

the alkaline salt than others ; but of all of them it may
be said, that when dry and fit for burning, they are ca-

pable of yielding about one-fiith of their weight in kelp.

Besides the alkali, kelp affords, as already hinted, a
peculiar simple or hitherto undecomposed substance

named iodine. It was discovered in the year 1812, by
a manufacturer of saltpetre at Paris named Courtois,

and has since been examined by the most eminent
French and English chemists. It is readily procured
by pouring concentrated sulphuric acid on the mother
water of kelp from which soda has been extracted, or

irom spent soapers' leys. Heat is speedily produced,
and the new substance appears as a violet- coloured
gas, perfectly homogeneous and transparent. This, on
being collected in the usual mode, soon condenses,

and assumes the appearance of plumbago. It forms
acids with hydrogen, chlorine and tin, called the hy-
drionic, chlorionic, and stannionic acids ; and it com-
bines readily with metals. The late Mr Tennant could
detect no iodine in sea-water; so that it appears to

be «ntirely a product of marine plants. French kelp,

it is remarked by .Sir Humphry Davy, yields more
iodine than British; but for this, no reason is assigned.

Iodine has a peculiar odour, and is decidedly poisonous.

The name is derived from lu^m, violaceus, in allusion to

the very striking circumstance of the substance yield-
ing a violet coloured gas on being exposed to an increase
of temperature. The following is the mode of procu-
ring iodine recommended by Dr VVoUaston : " Dissolve
the soluble part of kelp in water ; concentrate the
liquid by evaporation, and separate all the crystals that
can be obtained

; pour the remaining liquid into a clean
vessel, and mix with it an excess of sulphuric acid ; boil

this liquid for some time ; sulphur is precipitated, and
muriatic acid driven off; decant off the clear liquid,

• Thomson's AnnaU of Pkiloiophyfor April 1814.

and strain it through wool ; put it into a small fla^k, Fu.i.

and mix it with as much black oxide of manganese as """"ir'™'

you used before of sulphuric acid ; apply to the top of

the flask a glass tube shut at one end ; then upon heat-

ing the mixture in the flask, the iodine will sublime

into the glass tube." *

The species reckoned kelp fuci shall now be more R^ip fud
particularly described ; and as most of them, besides

yielding kelp, serve other useful purposes, these shall

at the same time be notice<l.

Fucus vesiculosus: "The frond is coriaceous, flat, F. vesicu-

mid-ribbed, linear, dichotomous, and quite entire ; the 'osus.

vesicles are spherical, and innate in the membrane of

the frond ; the receptacles (containing tubercles and
seeds) solitary, terminal, compressed, turgid, mostly el-

liptical."—In Scotland this is sometimes called Black

tang ; sometimes Kelp vcare ; and when the receptacles

are"large and swollen, Strawherry iKare. The Norwe-
gians call it Kue lav<r, because their cows feed on it

It is the Quercus marina or Sea oak of the older writers.

F. inflatus of Linnaeus and Lightfoot, and F. spiralis

of English Botany, are to be considered as vai-ieties only

of this species. The colour is a pale oliv^ green, which

becomes dull and almost black as the plant dries. It

grows most plentifully on all our rocky shores, oflen

not much below flood-mark. It is readily distinguished

from F. nodosus by the air-vesicles very generally oc-

curring in parallel pairs, while in F. nodosus they are

single ; and from F. serratus, by the edges of the frond

being entire, or wanting the serratures which mark that

species. It is generally from one to three feet long.

It is the species most highly prized for the manufacture

of kelp; being rich in alkaline salts. According to one
account, 5oz. of the ashes of the plant yielded about SjV

oz. of alkali; and Dr Walker states that 1 lb. avoirdupois

gave him 3 oz. of kelp. In tlie north and west of Scot-

land many hundred tons of this species are for this pur-

pose yearly cut from the rocks, with old reaping hooks.

To the Scottish islanders it is likewise valuable in ano-

ther way; it constitutes a considerable part of the winter

footl of their horses, cattle and sheep, which seem instinc-

tively to migrate from the hills to the sea-shore at the

ebbing of the tide. Lightfoot mentions that during severe

snow-storms, stags have been known to descend from
the Scottish mountains to the shores, and to feed chiefly

on this species. The same author states, that in some
of the islands, the inhabitants cover their cheeses with
its ashes, and thus supply the place of salt. Linnaeus

says, that the people in Gothland often boil tlie plant,

and mixing it with some coarse flour, feed their pigs

with it, and that it has hence received the name of
Swine-tang. In the Channel islands it affords firing.

In Jersey, in particular, it is collected and dried in July,

and then housed for winter fuel. It is there also em-
ployed in smoke-drying pork, beef and fish, t

F. nodosus: "The frond is coriaceous, compress- F.noilcms.

ed, veinless, sub-dichotomous, branched in a pinnated
inanner ; the receptacles are distichous, pedunculated,
roundish, mostly solitary."—This is very common on I

the rocky shores of this country, growing about half

way between flood-mark and the ebb ; often on the
intermediate space between F. vesiculosus and serratus,

!

though it sometimes grows nearest to high-water mark.
The fronds are from two to six feet in length, and at

short distances swell into large oblong vesicles or air-

bladders ; by which, though not mentioned in the spe-

cific character, the pLint is more familiarly distinguish-

ed, and from which it has derived its title nodosus. Boys

)^ Commum'calions to the Board of Agrlcnlturc, vol. 1. p.?19.
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KiK-i. nmuse themselves by ciittiiig them iMnsverstly near the

""*"'
end, ami making wliistles of them : lience the name sea-

wliistks sometimes bestowed oil the plant. 'I'iie seeds

are contained in elliptico-splierieal receptacles, which
Crocecd, on short fiat peduncles, Crom the siiles of the
ranches. These receptacles acquire a yellow colour,

and give occasion to tiie name oi yeUovn luti<r, by which
this species is known in Orkney. Like the lust spe-

cies, it is raiicli used by the kelp-makers, and it often

gets the name of Iclp wrack. Zoophytes are seldom
found attached to this fucus ; but dense tirfts of the
dark-coloured Conferva polymorpha are frequently to

be observed on it, and indeed this species ofConferva is

scarcely ever to be detected in any other habitat.

P. terratus. F- serralus : " The frond coriaceous, flat, mid-rib-
bed, linear, dichotonious, serrated at the margins ; re-

ceptacles solitary, terminal, flat, linear, serrated, sharjv
ish.'' It is sometimes called black wrack, or prickly

tang, sometimes simply ivare. It is distinguished at

first sight by the edges being serrated, and by the ab-
aencc of air-vesicles. It is only imcovcred at ebb tide,

• growing, as already remarked, in deeper water than
F. vesiculosus, or nodosus. In its mode of growth, it

forms a pulvillum or circular tuft, spreading out on
every side from a central point of attachment. When
fresh, the frond is of a dark olive green colour ; when
cast ashore and dried on the beach, it is almost black.
it is very frequently overrun by the small coralline call-

ed Sertularia pumila, or sea-tamarisk. Ser|)u]a spi-

rorbis, and s{>irillum, are also frequent on it. The black
wrack is preferred for covering lobsters, or other shell-

fish, that are to be kept alive during land carri.nge, be-
ing less apt to run into fermentation than some others
whicli abound with mucus. According to Gmelin, 6
ounces only of llxiviid salt are procured from 1

6" ounces
of the ashes ; and Turner mentions, that he was
told that it is but little used for making kelp in the
Western Islands, " because it shrinks so much in drj'-

ing, and contains so littje marine salt,'' meaning soda.

In Norway, it is called bred tang; and Gunner states,

that in some parts of that country, the inliabitants

sprinkle it over with meal, and give it to their cattle.

9. loieus. F. loreus : '* The substance of the frond is between
cartilaginous and coriaceous, compressed, linear, nerve-
less, entire at the juargins, dichotomous, expanded at

its base into a bell-shaped cup ; tubercles immersed
in every part, and on both sides of the frond." This
species is well known by the name of sca-thongs. In
Orkney it is called dretv,—a name which would seem
to be etymologically related to the badreux of the
Straits of Magellan. It is pretty common in the north
of Scotland and its islands, particularly on shelving
sandstone rocks. When in a young state, before the
thongs have grown, it forms a concave disc or cup,
and gives to the rocks the appearance of being covered
%yith some sort of mushroom, or ratlier peziza, as men-
tioned in the specific character. From this circumstance,
it is descril)ed by some old writers aa Fucus fuiigis affi-
ni% : arul it is perhaps the Fungus phasganoides of others.
The extended strap-shaped fronds, generally two in

;nimber, ai-ise from the centre of the cup. They are
ihchotomous, or divide into two at intervals. They aie
generally three, often six, or even ten feet in length,
fiorlasc, indeed, in his History of Cornwall, jnentions
that on that coast, they arc sometimes found twenty
feet long. The colour is olive green, with a tinge of
)«own. The plant is pulpy and succulent, and a good

Fuoj.deal of excellent kelp is m-ide from It in Orkney ; for

iustance in the island of Westra}', on an estate belong- "~nr^
ing to Dr Traill of Liveqiool. It is a perennial spe-

cies, or at Icjuit the plants require two years to come to

})erfection. Walilenberg therefore is in a mistake when
le says that it is an annual ; but it must be consider-

ed, that he describes from observations made on the

most stormy shores of Norway, where, as he tells us,

not a vestige of it survives ttje winter, where the discs

appear only in May, and where the plant never attains

a greater length than eight or twelve mches. The same
author gives it as his opinion, that the cup-sliaped disc

is the only part analogous to a frond, the thongs being

merely seminiferous spikes. To this notion he has been
led, partly by the imperfect gi-owth of the specimens he
was acquainted with, and perhaps partly by the inaccu-

rate description of the fructification given by Dr Roth.

This was first correctly described and delineated by Mr
Turner, [Hist. Fuc. t. 196.) Elliptical tubercles are

everywhere immersed through the strap-shaped fronds,

containing masses of minute dark brown seeds.

F.,/ilum : " The frond cartilaginous, slimy, cylindri- F. filum.

cal, fihform, attenuated at both ends, jointed internally,

spirally twisted when old." This species is frequently

called sea-lace. In Orkney, it gets the name of cat-

gut, and in Shetland lucky minny's lines. The length

to which it grows is amazing, not less than from twen-
ty to forty feet. Lightfoot mentions, that the stalks,

skinned when half dry and twisted, acquire such
strength and toughness, as to be used for fishing line,

like Indian grass, (which last, although it has got this

vegetable name, is an animal substance, attached to

tile ovaries of some of the small foreign sharks.) The
plant consists of a simple frond, without branches. It

is of a deep olive colour. In the interior, the stem is

divided by horizontal partitions, which Lamouroux
sa3's form a spiral when the plant becomes bent or twist-

ed. The Bishop of Carlisle, and Mr Woodward, had
previously remarked (in Lin. Trans, vol. iii.) that the

whole frond is composed of two equal longitudinal

threads, coiled spirally round each other ; this structure

becoming evident when the plant has received an inju-

ry. It floats about in the manner ofSparganium natans,

following the course of the waves ; but, as remarked
by Linnaeus, it lies immediately under the surface of-

the water, not on it. In Scalpa Bay, near Kirkwall in

Orkney, we have sailed through meadows of it in a pin-

nace not without some difficulty, where the water was
between three and four fathoms deep, and where of
course the waving weeds must at least have been
from twenty to thirty feet long. This, too, was the
growth of one season ; for the storms of winter com-
pletely sweep it from the bay every season. The plant,

however, may not, strictly speaking, be an annual ; and
Lamouroux observes, that its duration depends very

much on the nature of the place where it grows. In
Orkney, a considerable quantity of kelp is occasion-

ally made from this species; and the kelp-makers
remark, that " it falls small in burning, ,uk1 wash-
es like soap." * It is common in all the friths of
Norway, as far as the North Cape ; and Bishop Gun-
ner adds, that it furnishes a grateful and nutritious

food to the Norwi^ian cattle. The fructification

of this species has long been a problem to the natu-

ralist. Roth considered it as placed in a glandular

capsule at the extremity of the plant. Stackhou^e
thought he found it hid in the substance of the phuit.

» T<mrin Orkney awl Skttlaml, 1806, p. ?9.
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P"''- in the form of naked grains. Lamouroux is of opi-

^'"~*'™'^
nion, that it is to be sought in certain tubercular ex-

crescences sometimes to be observed near the base

or root of the plant. Turner has lately ascertained,

that the seeds, or perhaps capsules containing seeds,

are situated in tiie substance of the frond ; that they

are of a pyri.brm shape, and crowded together; and
that they tscape as the epidermis melts away.

F.iligitatuF. F. digilalns: " The root fibrous ; stipes or stem

woody, "cylindrical, expanded at its apex into a single

cartilaginous, flat, nerveless, roundisli leaf, quite en-

tire at its margins, deeply cleft into numerous ensiform,

mostly simple segments."—This species has in England
received the appellation of sra girdles mid hayigers, and
in Scotland it is very generally known by the name of

laiigle: in Orkney it is called red-ware. It is the SkaU
metare of the Norwegians, and the slnt-m/nra or sea-

wand of the Scots Highlanders. It is one of the largest

native species, having a stem often three feet in length,

and a large divided frond ; and was denominated phi/-

codeiidron- or Fiicus arboreus by some of the older

•writers. It is very abundant on all our rocky shores,

growing chiefly on rocks which are only partially un-

covered at the lowest ebbs, so that in neap tides the

fronds are scarcely perceptible. The root consists of

a congeries of thick homy fibres, often covered with Ba-

lanus striatus, and the interstices inhabited by asterias

spba}rulata and other vermes. In deep water, exposed

to a moderate current, but protected from the heavy

action of the waves, it attains a great size, the stalk

becoming as thick as one's wrist, from three to four

feet long, and the fronds of corresponding length, per-

haps from ten to twelve feet. Both Turner and Wah-
lenberg seem to doubt whether F. saccharinus (next

described) and this, be specifically distinct. Wahlen-
'

berg observes, that, near the shore, tlie winds and
waves prevent a large growth, or the copious prcKiuc-

tion of mucilage, and that in this way the appearance

of F. digitatus is so much changed, that a new name
(saccharinus) is applied to it. VVemust be excused for

remarking, however, that we have seen specimens of
Fucus saccharinus cast ashore from the Frith of Forth,

which measured fifteen feet in length ; and for adding,

that the Fucus digitatus which grows at the Black
Kocks near Leith exposed to winds and waves, is uni-

formly possessed of the distinctive characters of F. di-

gitatus as described by Turner. In Scotland, the very
young stalks and leaves are eaten along with dulse, or

F. palmatus. Old Gerrard indites, that being boiled

tender, and eaten with butter, pepper and vinegar, it

makes good food. But at present it is employed only
in the raw state. On the shores of some of the Ork-
ney islands, particularly Westray, it is cut by means
of long knives or scythes, managed by men in boats

at low water ; it is tied in large bundles, and being
floated ashore, is burned into kelp in reverberato-
ry furnaces. Captain Richan of Rapness has consi-
derable merit in forming a very pure kelp by these
means. It may be stated, that l3r Traill of Liverpool,
from a series of experiments made by him while resi-

dent in the northern islands, found that its fronds yield-
ed more kelp than equal portions of F. vesiculosus, or
any of the other species generally used in the manufac-
ture.

In Scotland the stems are sometimes put to rather
an unexpected use,—the making of knive-handles. A
pretty thick stem is selected, and cut into pieces about
four inches long. Into these, while fresh, are stuck
blades of knives, such as gardeners use for pruning and

grafting. As the stem dries it contracts and hardens, Fuci.

closely and firmly embracing the hilt of the blade. In """nT"^
the course of some months the handles become quite

firm, and very hard and shrivelled, so that, when tipt

with metal, they are hardly to be distinguished from
hartshorn. In the north of Scotland, and especially in the

Orkney and Shetland islantls, the large stalks are dried

and used as fuel. This is likewise done in Norway,
and on some of the shores of France, where fuel is

nearly equally scarce, but much less needed. The
stems are generally invested with many parasitic fuci

and coiifervie, and not unfrequently with the shell-fish

called anomia ephippium and scala.

A curious fact may be mentioned relative to this spe-

cies. Dr Yule of Edinburgh being engaged in some
experiments, in order to ascertain the state in which the

saline matter e.xists naturally in the fuci, had some thick

stems of F. digitatus hung up in his cellar. From dif-

ferent p.irts of one oi' these, young shoots of frondlets

germinated,—of great delicacy and beauty, being nearly

transparent. Do the fuci, then, produce buds from their

stems, like most land plants ; or did these germs origi- *

nate from seeds accidentally attached to the stem, when
in its native element ? On being brought into a warm
room, the young shoots speedily decayed.

F. bidbosu.s: " The root liollow, swollen into a bulb, F. bulbosus.

rough all over ; stipes coriaceous, flat, twisted once at its

origin, its margins undulated in the lower part ; its apex
expanded into a single, cartilaginous, flat, nerveless leaf,

entire at its margins, deeply cleft into numerous ensi-

form, mostly simple segments. The fructification con-

sists in oblong seeds immersed in the margins of the

stipes."—This is the Fucus polyschides of the Flora

Scolica, sometimes called sea furbeloivs. In size it far

exceeds any other sea-weed found on our shores, and
is certainly not undeserving the titles of gigaiiteus and
arboreus, sometimes bestowed on it by the earlier bo-
tanists. It is very curious that, notwithstanding its

size, Linnaeus seems to have been unacquainted with it.

It sometimes occurs twelve feet long ; and it is of such
a specimen in its wet state, that Lightfoot speaks, when
he says, that a single plant is a sufficient load for a man's
shoulders. It is plentiful in the Pentland Frith, and
numbers of large specimens are frequently cast ashore

in the bay of Thurso, as well as on the Orkneys. It

is likewise pretty common among the Western Islands.

It is found more sparingly on the east coast of Scot-

land. On the shores of the south of England, of France,

and in the Mediterranean, it is very abundant. It is

always found in deep water, occupying very common-
ly, in the southern seas of Europe, those kinds of ha-

bitat which F. digitatus generally fills in the north. It

very often forms a constituent of the drift-ware collect-

ed on the Scottish shores after storms, and either burnt
into kelp, or laid on corn lands as a manure.

In treating of the kelp fuci, it has already been men- gsculom
tioned, that most of them yield a substitute for winter species.

provender to cattle on the bleak shores of northern

countries. Some others, which are frequently employ-
ed as articles of human sustenance, and which have
sometimes saved the inhabitants of those countries from
tlie horrors of fiimine, are now to be enumerated ; with
the addition of two or three which are occasionally em-
jJoyed as ingredients in salads and condiments.

F. saccharinus : " The root fibrojis ; fibres long and p sacchari- '

branching ; stipes almost woody, cylindrical, undivided, nus. '

expanding at its apex into a single cartilaginous flat

simple linear oblong nerveless leaf, entire at its mar-
gins: the fructification consists in scattered seeds im-
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V\k\. mersed in the leaf."—This species is often called sea.

'««"'
bell. It is very common, and one of tiie largest of our

fuci. The colour is a deep olive brown, sometimes

partly green. VVahlenberg mentions tliat he ascer-

tained by experiment that tlie plant contains no mu-
cilage. An extraonlinary circumstance in the history

ef this plant (already alluded to) was first correctly ob-

served by Mr Bingham of Uxbridge. A contraction is

observed to take place in the frond every year : this is

occasioned by a new or secondary frond proceeding

from the stem, and pushing the old or primary frond

before it. Mr Turner was the first who correctly de-

scribed the fructification. It is observable in the centre

of the leaf, in the form of irregular spots, the frond being

at these places much thickened, and the surface found,

on applying a microscope, to be covered with innume-
rable extremely minute oblong brown seeds. Light-

foot mentions, that the common people on the coast

of England sometimes boil this species as a pot-herb.

The Icelanders, we are told by Anderson, boil it in

milk to the consistence of pottage, and eat it with a
" spoon. They are also said to soak it in fresh water,

dry it in the sun, and then lay it up in wooden vessels

;

it soon becomes covered with a white efflorescence of

salt, which has a sweetish taste, and in this state they

eat it with butter. Lastly, it is mentioned that tliey

feed their cattle with the plant, both in its recent and
dry state. There is, however, every reason to think that

all this is more properly applicable to Fucus pahnatus
or dulse, than to the true F. saccharinus ; for Mr Hook-
er informs us that the alga saccharifera Islandica is the
Fucus palmatus. W'e are positively certain that the

Fucus saccharinus of the Frith of Forth, prepared ac-

cording to the usual methods of cookery, makes a
wretched pot-herb, and that, in its unprepared state, it

is of so harsh a nature that cattle cannot relish it. The
Norwegians, we may add, on the authority of Wahlen-
berg, prize it so little, that their name for it. Toll-tare,

implies that it is fit only for the devil. Very different,

however, is the estimate of its merits in some parts of
the East Indies. It is there so extensively used as hu-
man food, that it is well entitled to be placed at the

head of the list of edible fuci. Thunberg, in his Flora
Japonica, states that it is much used in Japan, and is

there prepared in such a way as to be quite esculent.

Barrow, in his Voyage to Cochinchina, confirms this

statement, and mentions, that, when valuable presents

are made by the Japanese, they are laid on pieces of
this fucus, in testimony, as he thinks, of their regard
for it as the general emblem of those sources of sub-

sistence which the sea affords. He is further of opi-

nion, that the famous chinchou jelly of China is in part

made from this species. If further proof be wanted,
it is furnished by Broughton, who informs us,* that in

Volcano Bay, in the island of Matsmai, he saw a junk
laden with sea-weed, which he affirms, without hesita-

tion, to have been Fucus saccharinus. He says that it

grows plentifully on the shores of Volcano Bay, and
that the people were constantly engaged in cutting it,

drying it in the sun, and making it up into bundles
for exportation. He repeats, in three different places
of his work, that the plant alluded to is Fucus saccha-
rinus ; and although neither Barrow nor Brough-
ton seem to have any pretensions as botanists, they
are supported in this instance by Thunberg, who ranks
high as a botanical authority. It may therefore seem
extravagant to s^irmise the possibility of all these wri-

ters being' in a mistake concerning the identity of the

species
;
yet to those best acquainted with this tribe of

plants, it would be no grc.it surprise hereafter to learn,

that the Fucus s.iccharinus of the East is in reality a

non-descript species, resembling the British plant. In

the mean time, however, we must receive them as the

same, and conclude, that the Fucus saccharinus of our

shores is neglected and despised, merely because we are

ignorant of the mode of preparing it ; and that, from

the want of this knowledge, a plant, capable of affording

a useful article of food or even a nutritious delicacy, is

of no use to us, but to swell the heap of drift-ware for

the kelp furnace or the dunghil. For the former purpose,

indeed, it is not much esteemed, as it is found to become
bleached and saltless from even slight exposure to rain.*

F. escti/cHtiis : " The frond membranaceous, flat, mid-
ribbed, simple, ensiform, entire at its margins, support-

ed upon a short, cylindrical, pinnated stipes
;
pinnae

fleshy, distichous, oblong, flat, nerveless, containing nu-

merous, pyriform, immersed seeds."—This is called

Baddertocks or Hen-ware, on the east coast of Scotland ;

and in the Orkney islands, Hoiwi/-ware. In Norway
it is, by way of eminence, styled tarf! or ware. It grows
on rocks in pretty deep water, commonly in places

where the tips of the fronds can reach the surface at

ebb-tide. The stalk is generally from six inches to a

foot in length ; and near its base occurs a whorl of

pinna?. The frond varies from six to twenty feet in

length, with a mid-rib extending the whole way. The
mid-rib, stripped of its membrane, is the part chiefly

eaten ; but in some places, particularly in Orkney, the

pinnae are also eaten, under the name of mirkles. Mr
Turner mentions that these are likewise called keys,

and are only brought to market when thick and fleshy,

which is generally in August and September. In Nor-
way the pinnae do not in general appear till the second
year. Wahlenberg states, that during the first year the

stem is naked, but next year, while the greater part of
the frond is destroyed, the stem swells in the middle

;

from which swelling the pinnae proceed. At the Carr
Rock in the Frith of Forth, the pinnae were visible not

only the first year, but in plants only a very few months
old; and the rudiments of them were discernible in

some which were only three or four inches long, and
apparently but a few weeks sprung.

F. pahnatus : " The frond is membranaceous, flat,

nerveless, pahnated, quite entire at the margin ; seg-

ments oblong, mostly simple; seeds naked, collected

into wide, irregularly shaped spots, scattered all over
the frond."—This is the well-known dulse of the low-
land Scots, and the duitliosg of the Highlanders. In
Ireland it is called dillesk ; and it is there first washed in

fresh water, and then dried in the sun, before benig used.

In this state it is often made up into rolls, and chew-
ed like tobacco. The Icelanders call it ^o/. The Nor-
wegians name it snu-sotll or sheep's-weed, and Bishop
Gunner has therefore adopted the name Fucus ovi-

nus, observing that sheep and goats bt'take themselves
in great numbers eagerly to the sliore at ebb-tide to

obtain this pleasant food. " Buy dulse and tangle,"

is one of the Edinburgh cries, tangle mining the ten-

der stalks and very young fronds of Fucus digiftus.

Both are eaten recent from the sea, commonly without
any preparation; they are sometimes consiilered as

forming a salad, but more generally are used as a
whet. Dulse is now very seldom fried and brought to

table. It is said, that the inhabitants of the Greek

Ftiti.

F. Mculen-

tus.

F. galma-

tus.

]'<n/age to the North Pacific Ocean, in 1795, 4-c. by W. R. Broughton, p. 273.
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Fuci.

!•'. edulis.

r. cUiatus.

V. piiiDati-

tidue.

P. nstans.

islands are fond of this species, adding it to ragouts

and olios, to which it communicates a red colour,

and at the same time imparts some of its rich and gela-

tinous qualities. The dried leaves infused in water ex-

liale an odour somewhat resembling that of sweet vio-

lets, and they communicate that flavour to vegetables

with which they are mixed. Lightfoot mentions, that

in the Isle of Skye in Scotland, it is sometimes used in

fwers, to promote perspiration, being boiled in water,

with the addition of a little butter. Fucus palmatus
grows not uncommonly on rocks which are barely un-
covered at the ebb of the tide ; but it is more frequent
i*s a parasite on Fucus nodosus ; and it occurs also on
the stems of Fucus digitatus, attaining in this situji-

«ion a considerable size, perhaps twelve or fifteen inches
long, while in general it is only about six or eight inch-

es. It is soft and limber, and does not become rigid

by drying, being of a more loose texture than many
other sea-weeds.

F. edulis. " The frond fleshy, flat, nerveless, simple,

cuneiform, quite entire, rounded at the apex, attenua-

ted at the base into a very short cylindrical petiolus ;

sohtary seeds scattered all over the frond."—This is

not uncommon in Scotland, and being thick and succu-
lent when young, is frequently preferred to F. palma-
tus, especially for roasting in the frying-pan. Like
that species, it gives out a smell somewhat resem-
bling that of sweet violets. When fresh, it is of a
ileep opake blood-red colour ; on maceration, it gives
out a purple dye. Old fronds of a large size, perhaps
two feet ui circumference, are sometimes cast ashore
near Leith ; these are of a dark colour, and very full of
holes. 'I'hese holes are supposed by the fishermen to

be made by crabs, which, they assert, are very fond of
tliis species.

F. cilialus. " The frond between membranaceous
and cartilaginous, flat, nerveless, generally lanceolate,

branched in a pinnated manner, ciliated at its margins
and surface ; cilia mostly simple, patent, subulate, pro-
ducing tubercles at their apices."—This is not very
common on our shores : it is sometimes, however, mix.
ed with F. palmatus, and sold and eaten as dulse along
with that species. It is distinguished not only by its

cilia or fringes, but its fine red colour, and almost pel-

lucid substance. It was formerly known by the names
of F. lanceoiatus, and holosetaceus.

F. pinnatijidiis. " The frond compressed, cartilagi-

nous, branched ; branches mostly alternate, doubly pin-

natifid ; ramuli blunt, callous ; capsules ovate, sessile,

and naked seeds on the ramuli."—In Scotland, this is

sometimes called Pepper-dulse, from its hot biting taste

in the mouth. On account of this quality, although its

smell is not very prepossessing, it is sometimes eaten
along with the common dulse. In Iceland, it is belie-

ved, it is still used in place of a spice. It appears to be
an annual, and its pungency is considered as greatest
in the early part of the summer. It is very common
on all our shelving rocky shores, growing along with
F. palmatus and criapus, and CoraUina officinalis. It
is subject to considerable variations, particularly in co-
lour; being frequently olive yellow, but sometimes tin-
^d with red, or dark red approaching to purple. It

18 somewhat curious tliat this species, which is common
to Scotland and Iceland, should be found also m the
Bed Sea, and on the shores of Egypt.

In treating of the oceanic fields of sea-weed, some of
the uses of Fucus naUtns (including F. natans, baocife-
rus, and several others of Turner) have already been
hinted at. The most succulent fiouds are selected, and

Piicr.prepared a.s a pickle, like samphire, and the young and

tender shoots are eaten as a salad, seasoned with juice

of lemons, pepper and ginger. This sort of sea-weed
is also in some repute as a medicine, being accounted

aperient and antiscorbutic, and employed by the native

Americans to cure fevers.

Many of the Asiatic nations bordering on the sea, use

different species as food. The superior orders employ

them chiefly to give consistence to sauces, or to mode-
rate the pungency of the hot spices which they use in

such profusion.

In the East Indies, and particularly in Ceylon, F. 1". lichenojt

Ucheiwidca ( Turn. t. 1 1 S. ) is in high estimation for the ^'^^•

table. The following is its character: " Frond sub-

gelatinous, cylindrical, filiform, much and irregularly

branched ; branches patent, nearly of equal height, acu-

minated, generally forked at their apices, with short

divaricated segments ; tubercles hemispherical, sessile,

scattered all over the frond." From the circumstance of

its being used as an article of food, Gmelin, in his His'

torif of Fuci, gave it the title of F. edulis, a name now
appropriated to a very different one, allied to the pal-

iiialui, and above described. F. lichenoides is complete-

ly of a gelatinous nature : it is washeil in fresh water,

and squeezed, so as to remove a considerable part of its

mucilage and saltness ; after which it is served nj) with

a sauce prepared with lemon-juice and ginger. This

is supposed to be one of the principal ingredients em-
])loyed by the East Indian swallows in constructing

those edible nests whicii are so much in repute not

only in China, but throughout India, and in request

even at the luxurious tables of London. The most pure

and transparent nests are now generally believed to be

almost entirely composed of the gelatinous fuci.

F. /cnax is employed in the Chinese empire to serve p. tenax,

all the purposes of our gum Arabic and glue. It is a

small cylindrical filiform species, allied to F. acicidaria.

It was first described by Turner \n Annals of Bota-
ny, vol. ii. and is figured in the History of Fuci, t. 125.

It is gathered on the shores of the provinces of Fo-kien

and Tche-kiang; aiid altliough of small size, it is found
so plentifully, that about 27,000 lbs. are annually import-

ed at Canton, and sold at (id. or 8d. per lb. As soon as

gathered, it is dried in the sun; and being then compres-

sed, it will keep good for several years. When it is to be
used, the saline particles and impurities are washed off;

it is then steeped in warm water, in which it dissolves,

stifl'ening as it cools into a vegetable gluten, which again

liquefies on exposure to heat. It seems probable that this

is the principal ingredient in the celebrated gummy mat-
ter calletl cA/«-c/(()!i, or /(fli-to«',inChinaand Japan. Large
sheets of paper or of coarse gauze are besmeared with it;

they tlius acquire additional transparency, and are used in

windows or lanterns. Windows made merely of slips

of bamboo crossed diagonally, have frequently their lo-

zenge-shaped interstices wholly filled with the transpa-

rent gluten of the hai-tsai.

It is remarked by Mr Turner, [Hist. Fuc. t. 21(5

—

218), that tlie common andwell-known though very vari-

able species, F. cri^pus and mamillosun of our own shores,

arc readily melted by boiling, and that they afterwards

form a gelatine. This has not yet, however, been ap-
plied to any use, either by the cook or the artist. Un-
fortunately they are not only of small size, but could

not easily be gathered in sufficient quantity.

It may be mentioned, on the authority of Mr Bar-

row, that at the Cape a kind of gelatinous fucus, very
useful as food, is gathered, particularly from the shores

of Robcn Island. The leaves arc described as sword-



F U C I. 23

shajicil, serrateil, .iiul about six inches lon;j. These be-

ing first washeil clean, and sufficiently dried to resist

putrefaction, are steeped in fresh water for about a

week, changinc it every day. Alter this, being boiled

for a few hours in a little water, they form a clear trans-

parent jelly ; w hich being mixed with sugar, and the

juice of a lemon or orange, affords a pleasant and refresh-

ing dish.

According to Dr Olaus Swartz, F. spimsus, (muri-

catus of Gmelin) is eaten by the inhabitants of Suma-
tra. This species occurs at the Cape, but is tliere

neglected.

Some of the gigantic species, particularly F. potato-

rum of Labillardiere, furnish various instruments and

household vessels, as well as food, to the native inhabi-

tants of New Holland.

A few of the smaller and more delicate kinds seem

capable of affording colouring matter or paint. Ginan-

ni describes one inider the name of Fuco liniorio. This

Mr Turner considers as probably F. purpureus, which

is very conmion in the Mediterranean, and gives out a

beautiful chocolate dye in fresh water.

It may be mentioned, that in the North of Scotland,

a kind of sauce for fish or fowl, somewhat resembling

ketchup, is made from sea-weeds ; frequently from the

cup-like frond or base of F. loreus.

The mucus from the vesicles of F. vesiculosus and
similar species, has been recommended in diseases of

the glands, by Dr Russell; and F. hclminlhocorlos, ( Turn.

t. 233.) a small Mediterranean species, though little

known in Britain, has long been employed by medical

men on the continent as a vermifuge, under the name
of Moss or Coralline of Corsica.

Some of the small red species are very ornamental

when displayed in pictures ; and are used not only to

embellish the cabinet of the naturalist, but apartments

in general. The foreign species chiefly employed for

this purpose, is F. carlilnsrineus, which abounds at the

Cape, and is remarkable for the regularity and elegance

of its form, and the richness of its tints.

The native species most generally used for forming

mimic trees or landscapes, is F. cocciueiis. The IVond

is compressed, in substance between membranaceous
and ciirtilaginous, much and irregularly branched; the

ramuli subulate, tlisposed in alternate parcels of three or

four each. As fonnerly observed, two kinds of fructi-

fication are to be found on different individuals of this

species ; both spherical sessile capsules, and lanceolate

siliqute. It is beautifully figured by Turner {Hist.

Fitc. t. 59.) and also by Stackhouse, in a frontis-

piece to one of the fasciculi of his Nereis Britannica, (p.

106.) It is singular that this species, though very
common, escaped the notice of Linnaeus. When it is

dexterously expanded on very smooth white paper, or

on the glossy interior of large flat shells, the effect is

very beautiful. It is generally of a bright red colour,

but sometimes tinge<l white or yellow. It grows about
three or four inches long. In minuteness of ramifica-

tion, it is excelled only by F. asparagoides,
(
Turn. t.

101. ) a species of much less frequent occurrence.

F. plumosus is likewise very ornamental. The frond
is compressed, cartilaginous, much and irregularly

branched ; the branches are repeatedly pinnated, pro-

ducing the feather-like appearance, from which the

name has been given. It is of a purple colour, often

inclining to yellowish brown. It is generally from
three to five inches long ; but in the north of Scotland
it reaches sL\ or seven inches. Still farther to the north

of F.urope, as on the north<!Wi coast of Norw-iy, it grows Puri.

to yet a larger size ; so that it may truly be reckone<l a ^""Y"""
northern plant It is generally found attached to old

stems of fucus digitatus.

F. alatim is the most abundant of all the small oma- P. ilaiu*.

mental sea-weeds, being very common on stalks oi' V

.

digitatus. The frond is membranaceous, very tender,

mid-ribbed, linear, subdichotomous ; the segments al-

ternately pinnated. It is three or four inches high, and
of a fine purplish red colour.

Preserving of Sea-tixeds.

Many of the fuci, and p.irticidarly the Florideae of Praervin;
Lamouroux, make a beautiful appearance when preser-' of k»-
ved in a herbarium or hortus siccus. All of them re- »««>».

quire to be soaked for some time in fresh water, and
they are the better for being repeatedly rinsed in re-

newed basons of water, to cleanse away and extract as

much as possible the sea-salt which adheres to them, or
with which they are impregnated. The larger sort need
no other preparation ; but are to be dried between folds

of bloating paper, and pressed in the manner of hetba-
ceous plants. The finer leaved fuci must he treated

in a different way. After being washed, as above di-

rected, in repeated waters, till no impurities of any
kind remain, they are to be separately floated out in

a large shallow dish containing water, so that their

most minute and delicate branches may be fully ex-

panded. For disentangling the nice ramifications, a
common pin, or a sharp-pointed pen, may be employed.
A piece of stiff, but fine and smooth writing paper, is

then to be gently introduced under the specimen, and
the minute branchlets being again spread out where
they may have been disordered, the paper is to be cau-
tiously and slowly inclined, and at last drawn out, so as

to contain on its surface the plant in its fully expanded
state. After this, rfiost of the delicate species, if cai"e-

fuUy dried and pressed, adhere to the paper by their

own gluten, and require no farther care. Mr Turner
mentions that he fixes the non-adhesive kinds by means
of a cement made from F. ciliatus and crispus of our
shores. These are boiled in water over a quick fire,

and soon become melted : on cooling, they form a glu-
ten, not to be relied on as a strong cement, but which
is well adapted for a herbarium, as it neither imparts a
stain like glue, nor a glare like giun. If the paper be
slightly rubbed over with the mucilage, and a delicate

membranaceous plant afterwards placed on it, it will

become sufficiently fixed merely by moderate pressure.

Some collectors, finding that any kind of paper is apt
to curl up, expand the delicate species over a plate of
glass, and, after allowing the water to drip off, trans-

fer the specimen carefully to the paper.

To inland collectors, who occasionally make an excur-
sion to the shore, it may be useful to know, that all the
preparation that is necessary at the sea side is to dry
the specimens moderately in the free air, and tie them
loosely up in strong brown pa{)er. In this way they
may be carried to a great distance, and kept for some
days. On being immersed in fresh water, they in gene-
ral expand as fully as before ; but it must be confessed

that the colour of some kinds is extremely apt to .

change. In the vasculum, or botanic box, which serves

so well for preserving herbaceous land plants, speci-

mens of marine plants very rapidly undergo the putre-

factive fermentation, (p. N.) \
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Iiicgo. FUEGO, or Tiehha del Fuego, " the land of fire,"

"-"""""^ was so (lenommated by Magellan, because he perceived

many fires during the night, supposed to have been vol-

canoes in the mountains, but probably nothing more than

the numerous fires kindled by the natives on account of

the cold. It is a large island, or rather group of islands,

bounded on the north by the straits of Magellan, and

on all other sides by the sea ; situated between .52^°

and .56° South Latitude, and between 65° 10' and 75°

30' West Longitude from Greenwich. It is divided by
narrow straits into eleven or more islands of consider-

able size, and extends about 300 miles from east to

west, and from 100 to 200 in breadth. From Charlotte

promontory, which is the north-east extremity, the

coast extends west north-west, to a large promontory,

that forms the mouth of the first narrow passage in the

strait ; and then, in a south south-west direction, form-

ing a circular basin, which terminates at the promontory

of Sweepstakes on the south side of the second narrow

channel. The inhabitants on this part of the coast be-

haved with great humanity to the crew of the Spanish

ship Conception, which was wrecked on their shores in

1765, assisting them in saving part of their cargo, and

in erecting sheds to shelter them from the weather ;

and discovered so little of the cruelty common to most
savages, that the Spaniards of South America projected

a missionary establishment among them. The coast

next inclines southward, forming an arch of a great

circle, cut by Cape Monmouth, and the inlet of St Se-

bastian, on to Savage bay, from which a mountainous

country stretches south-west, exhibiting the appearance

of several narrow straits. Beyond these is Swallow
harbour, a well sheltered bay, where there is good land-

ing and a sufficient supply of wood and water ; but the

surrounding mountains have a dreary aspect, and seem
to be deserted by every thing that has life. The coast

continues now in a north-west direction, forming many
bays and inflexions, inclosed by barren rocks with-

out any appearance of soil, having their summits co-

vered with snow, and their deep vallies filled with im-

inense masses of ice. To this part of the country Sir

John Narborough gave the name of " the land of De-
solation ;" and nothing more tlreadful, says Bougain-

ville, can be imagined. It is still high and steep, and
terminates in Cape Pillar, the north-west extremity,

where the Pacific Ocean opens to the view. This cape

is a great mass of rocks, which rise into two huge cliifs

resembling towers; and round it are several small islands

or rocks named the Twelve Apostles, reaching several

miles into the sea. Two leagues south of Cape Pillar

is Cape Desire, from which the coast takes a south-east

direction, and is broken into various inlets, or rather

composed of a number of islands, beyond which ap-

pear barren and rocky mountains, spotted with tufts

of wood and patches of snow. From Cape Gloucester,

which is about 23 leagues from Cape Desire, the coast

turns south-south-east for ten leagues, to Black Cape, a
steep and high rock, shaped like a sugar loaf; a little

towards the east from which is the great bay of St Bar-
bara, supposed to communicate with the Straits of Ma-
gellan. Beyond this bay, the country is entirely com-
posed of rocky mountains without the least appearance
of vegetation, terminating in dreadful precipices, and
raising their craggy summits to an immense lieight.

About 23 leagues from Barbara Bay, appears Cape
York Minster, a lofty promontory, terminating in two
high towers, with a conical hill between them. To the

east of this opens Christmas Sound, in the bottom of
which is a deep and secure harbour, named Devil's Ba^

son, so completely encompassed by lofty rocks as to Fucpo.

be entirely excluded from the rays of the sun. To the ""^^r"^ '

south-east of Christmas Sound is a group of rocks, call-

ed the Isles of Ildefonso, nearly east from which is

Nassau Bay, whose west point is the most southerly
extremity of Tierra del Fuego, and is sometimes deno-
minated False Cape Horn. In front of Nassau Bay
lie the Hermit Islands, the south point of which is the
True Cape Horn, known at a distance by a round hill

over it, and situated in 55° 58' South Latitude, and in
67° 46' West Longitude. The coast stretching north-
east from Nassau Bay is little known for the space of
SO leagues, to Valentine's Bay, which forms the south-
west entrance of the Strait of Le Maire. About the
middle of this strait, on the Tierra del Fuego side, is

the Bay of Good Success ; and on the south-east extre-

mity are two low promontories, called Cape Diego and
Cape Vincent, where the strait opens to the east.

From these capes to Charlotte Promontory, the eastern
coast of Tierra del Fuego is more level, woody, and
verdant, than any other part. The soil here in the
vallies is rich and deep ; and a stream of a reddish hue,

but of good water, runs at the bottom of almost every
hill.

The interior parts ofTierra del Fuego have never been , . .

explored, but appeared to consist ofcontinued mountains
,ii(, country,

of immense height and irregular surface. About one-
fourth of their ascent is frequently covered with trees

of a considerable size. Towards the middle, nothing
but withered shrubs appear : next succeed patches of
snow and fragments of rock ; while the summits, com-
posed of huge crags piled upon each other, and tower-
ing above the clouds, are devoted to everlasting ste-

rility. Many of them are nothing but immeasurable
masses of rock, naked from the base to the summit,
without a single shrub or one blade of grass to be seen
upon them ; and the intermediate vallies, equally des-
titute of verdure, are filled with beds of snow, or
masses of ice. The climate is intensely cold and stor-

my ; and, even in the midst of summer, the ground is

frequently covered with snow. Its severity is fatally

exemplified by an accident mentioned in Captain Cook's
first voyage, a part of whose crew having attended Sir

Joseph Banks and Dr Solander on shore, and having
been obliged to pass the night in the open air, though
it was upon the most temperate part of the coast, and
about the season of midsummer, two of them expired
of cold ; and Dr Solander himself, a native of Sweden,
was saved with great diflSculty. Even in this barren
soil and dreary climate is found a great variety of plants [[^i
imknown in Europe. The trees chiefly noticed were,
beech, birch, winter-bark or spice laurel, and the holly-
leaved barberry. The plains are covered with a kind
of spongy moss ; and nettles, wild celery, and scurvy-
grass, are generally found close to the beech. Cran-
berries, red and white, are produced in great abun-
dance. Fish may be procured with great facility on
everj' part of the coast, and particularly on the Straits

of Magellan. Whales, seals, and sea-lions, are seen in

great numbers along the shores, particularly in the
Straits of Le Maire. There are great quantities of shell

fish, limpets, clams, and especially mussels, some of
which are five or six inches in length. Few insects

have been observed in the country, and none that were
either hurtful or troublesome. Of land-birds there are
few varieties ; and none have been seen larger than an
English blackbird, except a few hawks and vultures.

But there is plenty of water-fowl, sea-pies, shags, and
the kind of gull generally called Port Egmont hen ;
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rutgo. getse, resembling bustards, smaller than the tame geese
—V' of England, but well tasted; and ducks of several

kinds, the most remarkable of which, called by the

sailors race-horses, are \mable to fly on account of the

shortness of their wings, but run upon the water with

amazing swiftness. Almost the only quadrupeds ob-

served by navigators were dogs in a domestic state,

whicli differed from others of their species breil in

>^raerica, in possessing the faculty of barking. The

traces of larger animals were indeed noticed in some

places : but their species could not be ascertained.

The natives of Tierra del Fuego are the most deplo-

rable in ap])earanee, and the most destitute in resour-

ces, of the human race,—inhabiting the most inhospi-

table climate in the world, and possessing no sagacity

to provide themselves with those few conveniences,

which even their dreary land might supply. They are

a little, ugly, meagre, and beardless race, * with long

black hair, and the colour of their skin like the rust of

iron mixed with oil. Their whole apparel consists of

the stinking skin of a seal, sometimes of a guanicoe,

thrown over their shoulders, exactly in the state in which

it was taken from the back of the animal. A piece of

the same skin is sometimes drawn over their feet, and

gathered about the ancles like a purse ; and a small

flap is worn by the women as a fig-leaf. They appear-

ed very fond, however, of ornament, and paint their

faces in various forms, generally with horizontal streaks

of black and red, with a white ring round the eyes.

They wear upon their wrists and ancles bracelets of

beads formed of small shells or bones, and delight par-

ticularly in every thing that is of a red colour. Their

food consists chiefly of cranberries and shell-fish, and
sometimes the flesh of whales or seals, which they de-

vour with tlie greatest relish in a raw and rotten state.

Some of Captain Wallis's people gave to one of them a

fish, as it was taken alive out of the water : the Indian

snatched it hastily as a dog would take a bone ; and,

instantly killing it, by giving it a bite near the gills,

proceeded to eat it, beginning with the head, and go-

ing on to the tail, without rejecting either the bones,

fins, scales, or entrails. They ate readily whatever

food was given to them by European voyagers, but

could not be persuaded to take any other drink than

water. They appear to have no fixed residence, but to

move from one place to another, after having exhaust-

ed the supplies of shell-fish around their habitations.

Their huts are constructed in the most rude and inarti-

ficial manner imaginable, and are merely a few poles set

up inclining towards one another, and forming a cone at

the top like a bee-hive. They are covered on the wea-

ther-side with a few boughs and a little grass, yet not

so as to exclude the snow or rain ; and, on the lee,

nearly an eightli part of the circumference is left open,

both as a door and a chimney. Within these wretched

hovels no kind of furniture is seen; and a little grass

laid round the inside of the stakes, serves the purposes

of chairs and beds. The only utensils observed among
them were a satchel to hang on the back, a basket to

carry in the hand, and a bladder to hold water. Where-
ever they halt, though only for a short time, in the

open air, they always kindle a fire ; and ai-e generally

affected with sore eyes, from sitting ao much over the

smoke of their fires. Even in their canoes, they liave a

fire placed on a heap of sand in the midst of the vessel,

around which they huddle themselves as close as possi-

ble; aiid which they seem thus to carry about with them.

not only for the sake of immediate wanrith, but in or-

der also to have fire ready kindled wherever they may
land. Their canoes are extremely slight made, some-

times of planks, but generally of pieces of Iwrk sewed
together either witli the sinews of some wild beast, or

with thongs cut from a hide. A kind of rush is laid

into the scams ; and the outside is smeared with a resin

or gum, to prevent tlie water from soaking through the

bark. About fifteen slender branches, each bent into

an arch, are sewed transversely to the bottom and sides

;

and some straight pieces are placed across the top from
one gunwale to the other, and fastened securely at each

end. These vessels are about fifteen feet long, three

broad, and three deep, are steered with p^iddles, and
havA only a seal-skin as a sail. The only ap))earancc

of ingenuity among them was in their weapons, which
consisted of bows, arrows, and javehns. Some of the

bows were neatly made, with strings of gut; and the

arrows were formed of wood, very highly polished, with
a point of glass or flint, barbed, and fitted to the shaft

with wonderful skill. In the use of these weapons they
discovered great dexterity, and seldom failed to hit a
mark at a considerable distance. They have also a
kind of harpoon, which they use in fishing, formed ofa
fish bone about a foot in length, sharpened at the end,

toothed on one side, and fixed to a long pole. No
appearance of subordination or government has been
observed among them, and no one is respected more
than another ; yet they seemed to live together in the

utmost harmony. Neither do they discover any notions

of religion, unless a vehement vociferation addressed to

every new object, may be considered as a species of ex-

orcism, and as implying a belief in evil spirits. Both
those who were seen by Bougainville and by Cook,
though on different pai-ts of the coast, gave themselves
the name of Pecheray ; and they do not seem to be a
numerous people. Their language in general is guttu-
ral, and some of their words are expressed by a sound
i-esembling that which is made by clearing the throat

;

but other expressions are sufficiently soft, such as hal-

lecil, beads, and oodci, water. They are harmless, and
friendly towards strangers : and, either from a content-

ed disposition, or from stupidity of mind, discover no
jlesire for additional possessions and gratifications.

V\'hen carried on board of European ships, they testi-

fied no emotions of surprise, satisfaction, or curiosity ;

regarded every object, except looking-glasses, and the
clothes of the people, with utter indifference ; and ex-

pressed no wish for any thing whatever but beads.

One of their women even offered her sucking child to

an officer of Byron's ship ; and their whole aspect and
manners declared them to be among the lowest and
most wretched of human beings. See Byron's, Wallis's,

Bougainville's Voyages, and Cook's Finl and Second
Foyages Bound the Ti'^orld. [q)
FUEGO, or Fogo. See Cape de Verd Islands.

FUENTE D'HoNORES, Battle of. See Britai^j,

p. 731.

FULCRUM. See Mechanics.
FULDA, a town of Germany, in the circle ofthe Up-

per Rhine, and capital ofthe bishopric of the same nainCj

but lately transferred to the Grand Duchy of Frankfort,

is situated nearly in the centre of the bishopric, on the

banks of the river Fulda. The principal objects of in-

terest at Fulda, are the palace, with its pleasure gar-
dens, where the bishop formerly resided, containing an
apartment of optical glasses ; the catliedral and its

FlMgq
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A few of the men on die coast of the Straits of Le Maiie were larger, and more clumsily made.
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treasury ; the church of St Boniface ; the diurch of St teeth, melts freely in the mouth, adheres slightly to the

Michael, which is said to have some resemblance to the tongue. It is opake, and sufficiently soft to be scratch-

temple of Jerusalem ; and the convent of Franciscans, ed by the nail. It takes a polish by friction, is mode-
finely situated out of the town. The University ofFul- rately heavy; but its specific gravity has not been ac-

da was founded in 1739 ; and in the ancient library curately ascertained : thrown into water, it makes no

are to be found many rare and valuable MSS. Here is ebullition, or hissing, but swells gradually in bulk, and

a manufactory of porcelain. In the neighbourhood of falls into a fine soft powder, especially when the water

Fulda are the baths of Bruckenau, which are celebra- is warm : it does not effervesce with acids ; before the

ted for their romantic situation, and for the good society blow-pipe it melts into a brown spongy scoria. The
which is to be met with. The celebrated Jesuit, Atha- fullers earth of Hampshire was analyzed by Bergman,

nasius Kircher, was a native of this town. Population from which he obtained the follo^ving results :

—

12,000. Its position, according to trigonometrical ob- „., _

servations, is East Long. 9° 44' 0", and North Lat. 50° '^"'^ ^^-^

33' 57". W ^Z"" I'SFULDA, Bishopric OF, the name of an ancient pnn-
Maenesia 7

cipality in Germany, which was included by Bonaparte n 1 •; o't
in the Grand Duchy of Frankfort. The extent of this

uxuie oi uon
. . ..... 3.7

• • !-._ 1-
-^

1 on- n ^ ™;i„,. ;= V\ ater, or moist volatne matter . . 15.5
principality was formerly 37 square German miles ; its '

<..... x^.^

annual revenue 35,000 rixdollars, and its population

900,000. The principality contained many well-wooded ^ ""•"

mountains, some rich arable land, and several impor- The analysis of other earths included in lithomarge

•tant salt springs. See Confederation cJ' the Rhine, -will be found below, under jS»(4i/?'/?//e.?. There appears

Germany, and Catteau de Calleville's Voyage en Alle- to be two distinct formations of fullers earth ; or rather

magne el en Suede, tom. i. p. 259, 260, where the reader two different minerals seem to be confounded under the

will find an account of the origin of the town of Fulda. same name. The fullers earth of Saxony belongs to the

FULGORA. See Entomology, Index. primitive rocks, being found under strata of slaty gra«.
FULLERS Earth. Two sorts of argillaceous earths .?(««, and passing by degiees into this very mineral;

are described under the name of cimolin, in catalogues hence it consists of the same materials, either originally

of the Materia Medica, cimolia alba, sen argilla alba, deposited in this loose state, or having acquired this

Pharm. Edinb. the pure white strong clay, called, consistence from decomposition. The English fullers

from the use to which it is principally applied, tobacco- earth, on the other hand, is always found in beds co-

pipe-clay ; and cimolia purpurascens, (Pharm. Edin.) vered by, and resting upon, that peculiar and hitherto

a compact bolar earth, commonly of a greyish brown undescribed sand-stone formation, which accompanies
colour, called from its use fullers earth. These have and serves as the foundation to chalk,

been both since expunged, and the name cimolia would Fullers earth is found in several counties of England ;

appear to have been given from Cimolus, the ancient but in greatest abundance in Bedfordshire, Berkshire,

name of an island in the sea of Crete, opposite to the Hampshire, and Surry. For some account of this mi-
promontory Zephyrus, having the same kind of soil ; neral in Surry, see the article England, vol. viii. p.

Iience /erra cmjo/jo, KiftoXi* v>i, chalk, or fullers earth, 713. Asa more particular account will naturally be
and Cretosaque rura Cimoli, Ovid ; it is now called expected under the present article, we shall consider the
Sicandro. subject inider the following heads: 1*/, Particulars

Among the useful researches for which we are indebt- with regard to the counties of England in which it has
ed to the illustrious Bergman, we find one upon litho- been found ; 'Mlf/, The mode of treatment adopted by
marge, or stone marl, which seems to differ from com- manufacturers ; Sdty, Its vai-ious uses ; 'ithly, Legal re-

mon marl in its composition, chiefly in possessing a straints; 5//(/y, 5«i*/eV!/<es used either at home or abroad,
much larger portion of siliceous, and less of calcareous In the county of .Surry there are great quanti-
earth ; the general characters of which are, 1*/, When ties of fullers earth found about Nutfield, Riegate,
dry, it is smooth and slippery, like hard soap : 9,dly, It and Blechingley, to the south of the Downs, and
is not perfectly diffusible in water ; but when immersed some, but of inferior quality, near Sutton and Croy-
in that fluid, it falls into pieces of greater or less magni- don, to the north of them. The most considerable
tude, or in such a manner as to assume the appearance pits are near Nutfield, between which place and Rie-
of curds: idly, In the fire it easily melts into a white or gate, particularly on Redhill, about a mile to the east
reddish frothy slag, which is considerably larger than of Riegate, it lies so near the surface, as frequently
before, in consequence of its porosity: ilMy, Its frac- to be turned up by the wheels of the waggons. The
ture is irregularly convex, or concave. Fullers earth is fullers earth to the north of the road between Red-
one of the -most useful varieties of lithomarge. Its par- hill and Nutfield, and alx)ut a quarter of a mile from
.ticular characters are, that the colour is greenish white, the latter place, is very thin ; the seam in general is

greenish grey, olive, oil green, greyish ash coloured, thickest on the swell of the hill to the south of the
brown in all degrees from very pale to almost black; road. It is not known how long this earth has been
light yellowish green, or yellowish grey, passing into dug in Surry ; the oldest pit now wrought is said to
pale ochre yellow ; its colours are sometimes disposed liave lasted between fifty and sixty years, but it

in spots or stripes, it occurs only in mass, and is with- is fast wearing out. The seam of fullers earth dips in
out lustre; it is very hard and firm, of a compact tex- different directions. In one, if not in more cases, it in-
ture, of a rough and somewhat dusty surface ; its frac- clines to the west with a considerable angle. There
ture is uneven, passing into large conchoidal and slaty are two kinds of it, the blue and the yellow : the for-

or fine-grained; it breaks by force into indeterminate, mer, on the eastern side of the pit, is frequently with-
.blunt-edged, or slaty fragments ; it is unctuous to the in a yard of the surface, being covered merely with the
touch, not staining the hands, nor breaking easily be- soil,—a tough, wet, clayey loam. A few yards to the
tween the fingers. It has a little harshness between the west, the blue kind appears with an irony sand stone,
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of nearly two yards in thickness, between it and the

soil. The blue earth in this pit is nearly Ifi feet

deep. In some places the yellow kind is found lying

upon the blue ; tliere seems, indeed, to be no regu-

larity either in the position or inclination of the strata

where the fullers earth is found, nor any mark by

which its presence could be detected. It seems rather

thrown in patches, than laid in any continued or re-

gular vein. In the midst of the fullers earth are often

found large pieces of stone of a j'ellow colour, trans-

lucent, and remarkably heavy, which have been found

to be sulphate of barytes, encrusted with quartzose

crj'stals. These are carefully removed from the fullers

earth, as the workmen say they often spoil many tons

of it which lie about them. There is also found with

the yellow fullers earth a dark brown crust, which the

workmen consider as injurious also. In Surry, the

price of fullers earth seems to have varied very little,

at least for these last SO years. In 1730, the price at

the pit was 6<1. a sack, and 6s. per load or ton. In

1744, it was nearly the same. It is carried in wag-
gons, each drawing from three to four tons, to the be-

ginning of the iron rail-way near Westham, along

which it is taken to the banks of the Thames, where
it is sold at the different wharfs for about 25s. or 26s.

per ton. It is thence shipped off either to the north

or west of England. A considerable quantity is also

taken down into Wiltshire by the waggoners, especially

when they happen not to have a full load of goods.

The workmen are paid at the rate of 2s. 6d. j)er ton;

this includes the expence of clearing away the upper
soil, as well as that of raising the fullers earth. They
can work on the earth only when the weather is dry ;

it is then weighed as it is dug out, by means of a rude
scale suspended over that part of the pit where they

happen to be working, on three or four poles fastened

together at the top, and spread out at their lower ends,

(an instrument called provincially a triangle). The
earth that is not immediately carted oS by tne wag-
gons, is put under cover in an adjoining shed, in order

to preserve it from the rain. During rainy weather,

and after it till the earth is pretty well dried, the

workmen employ themselves in uncovering the upper
soil. The sandstone that lies over the blue fullers

earth is broken into pieces; the larger pieces are used for

building, and the smaller for the roads ; the first brings
4s. 6d. the waggon load, the second 3s. 3d. ; of eacli

of which the workmen receive about one half. In the
heart of the sandstone, pieces of petrified wood, of con-
siderable size, and sometimes of a very grotesque shape,

are often found. The workmen complain, that since

the iron rail-way was brought to Westham, the de-
mand for this earth, though equally great, is not near-
ly so regular as it used to be. It is thought that the
demand for the Surry fullers earth will be lessened by
the recent discovery of a pit of the yellow, or better
sort, near Maidstone in Kent. Fullers earth does not
appear to hasten or impede, to injure or to benefit, ve-
getation. See Stevenson's Surry, p. 50—5S.
The next characteristic stratum, owing toils forming

a ridge of conspicuous hills through the country, is the
Wobum land, a thick ferruginous stratum, which be-
low its middle contains a stratum of fullers earth, which
is thicker and more pure in Aspley and Hogstye End,
two miles north-west of Woburn, than in any known
place. The upper parts of this land are frequently ce-
mented by the oxidated iron int»-car stone, and the
lower parts contain fragments of silicified wood. Sec
Farcy's Derbyshire, p. 112.

Fullcrf)

Karth.
No Stratum ofthis mineral occurs in Derbyshire ; but

lumps of it ofconsiderable size, very pure, and much like ^___^^_^
that of Bedfordshire, are flrcqiieutly found in the marshy. i„~d .'.r jj.
gravel pit one-third of a mile east of Bretby church. ,1,;,^.

Similar lumps occur in the hard gravel rock under Ma-
sham town, and smaller ones iirthe alluvial covering ofthe
gypsum cpiarries south-east of Chellaston. In Brassing-
ton a clay is dug with which cloths are scoured ; and
at Brathwell, north-west of Tickhill in Yorkshire, con-
siderable quantities of fullers earth are got, probably al-

luvia on the yellow lime. See Farcy's Derbythire, p.
4()5.

Of the more rare kinds of earths and clays, there have U Here-

been found red and yellow ochres, fullers earth, and to- fordshirfc

bacco pipe-clay ; but probably from the want of an ade-
quate supply, or some imperfection in their qualities,

they are now generally procured from other places. Ful-
lers earth is, however, still dug occasionally for sale in,

small quantities, on the estates of the late honourable
Edward Foley, of Stoke Edith. See Dunscomb's He-
reforjshire.

Fullers earth is found at Tillington, and consumed in Sussex,
in the neighbouring fulling mills. See Young's Sussex.
Mr Little and iMr Brown, in sinking a well at Pad- In Middle-

dington in the year 1802, near the one mile stone on sei-

the Edgeware-road, discovered a stratum of fullers

earth at a considerable depth, but so thin as not to be
of any importance. See Middleton's Middlesex,
The above seems to be nearly all the places in Eng- Mode of

land where this mineral is best found. We have now prc]>aring

to give an account of its preparation by manufacturers, *"^lersearth.

for their peculiar pur])oses. We have seen in the che-
mical account of this mineral, that it is not perfectly
diffusible in water; but when immersed in that fluid, it

falls into pieces of greater or less magnitude, or in such
a manner as to assun.e the appearance of curds. Of this

the manufacturers are fully aware ; but as it is neces-
sary for them that the coarse and fine should be minute-
ly separated, they pursue the following method. That
they may effect a complete solution, they bake it for one
or two hours, according to the degree of heat. To ac-
complish greater regularity in the baking, and to make
it dissolve much sooner, the large lumps are broken into
pieces of a quarter or a half pound each. After baking-
it is thrown into cold water, when it falls into powder;
and the separation of the coarse from the fine eft'ectually

accomplished, by a simple method used in the dry co-
lour manufactories, called wasliing over. It is done in the
following manner : Three or four tubs are connected oit
.•I line by spouts from their tops ; in the first the earths
is beat and stirred, and the water, which is continually
running frotn the first to the last through intermediate
ones, carries with it and deposits the fine, whilst the
coarse settles in the first. The advant^es to be de-
rived from this operation are, that the two kinds will
be much fitter for their respective purposes of clean-
sing coarse or fine cloth ; and without baking the earth
would be unfit, as before noticed, to incorporate so mi-
nutely with the water in its native state ; it woukl nei-
ther so readily dissolve, nor so easily be divided into
different qualities, without the process of washing over.
W'hen fuel is scarce for bakjng the earth, it is broken
into pieces of the same size, as mentioned above, and
then exposed to the heat of the sun.
The various uses offullers earth may be shortly explain-

(jj^, „(• ,-jj.

ed. According to the above method, the coarse and fine lers e«rUi.
of one pit are separated ; and the first is used for cloths
of an inferior, and the second for those of a superior
quality. The yellow and the blue earths of Surry are of
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different qualities naturally, and are like the above, ob-

tained artificially, and used for different purposes. The
former, wliich is deemed the best, is employed in full-

ing the kerseymeres and finer cloths of Wiltshire and
Gloucestershire, whilst the blue is principally sent into

Yorkshire for the coarser cloths. Its effects on these

clotlis, is owin^ to the affinity which alumine has for

greasy substances ; it unites readily with thern, and
forms cc-rabinations which easily attach themselves to

different stviffs, .and tliereby serve the purpose of mor-
dants to some colours ; as is the case in the Turkey red.

The fullers generally apply it before they use the

soap. It may be used also instead of soap on board of

ship, to wash linen or the hands with salt water, with
which it is well known soap does not unite.

The legal restrictions on the exportation of fullers

earth, may be found in the 12 Car. II. 13 and 14 Car.

II. ; 9 and 10 William III. c. 40 ; 6 Geo. I. c. 21. § 22.

The penalties are so enormous, that foreign chemists

turned their attention to discover substitutes for fullers

eartli. Cronstedt describes only the lithomarge of

Osmund, Tartary, and Lemnos ; the Hampshire fullers

earth not having come to his hands, probably on ac-

count of the severe penalties imposed by the English

legislature on its exportation. Bergman examined them
all except the second, which is the keffekil of the Crim
Tartars, who are said to use it instead of soap, and
which he was not provided with a sample. Wiegleb,

in Crell's Journal, quoted by Kirwan, found that it

consists of equal parts of magnesia and silex.

The Lemnian earth, so called as being found in I.em-
nos, was highly esteemed for many centuries, for its

supposed medical virtues, and till lately sold in Europe
-under the seal of the grand signior, (hence called terra

sigiUnta, ) has the external appearance of clay, with a
smooth surface, resembling agate, especially in its re-

cent fractures, which are usually either concave or con-

vex. It may be scraped with the nail, is composed of
impalpable particles, though a little gritty between
the teeth, under which it feels like tallow. When im-
mersed in water, it is spontaneously divided into small

pieces, with a slight crackling noise, but they do not
become so small as to be invisible or impalpable ; pul-
verization and boiling in water diffuse it in the fluid,

which passes almost perfectly clear through double fil-

tering paper. This earth removes impurities like soap,

though it affords no froth.

The Osmundic earth comes from Osmimd, in the
parish of Rutwick, in East Dalecarlia. It colour is

grey like cinders ; its surface rough, and as if grease<l ;

it is harder than the Lemnian earth, breaks into

angular pieces, adheres strongly to the lip, and is more
gritty between the teeth than that earth : in water it

separates into smaller particles, and is detergent. By
the humid analysis, Bergman found the constituent
parts of the two foregoing earths as follows

:

Lemnian earlh,

Silex 47
Carbonate of lime 5.4
Magnesia 6.2
Alumine 10
Oxide of iron 5.4
Moist volatile matter capable ofbeing ex-

jielled by drying 26

100

Osmundic earth. Fullers

Earth.

White siliceous powder 60
Lime 5.7

Magnesia 0.5

.Alumine 11.1

Oxide of iron 4.7

Moist volatile matter 18

100

Amongst tlie foreign varieties of lithomarge, tlie Fullers

fullers earth of Saxony ought not to be forgotten, par- «*'ih '"

ticidarly in this place, where substitutes are treated of:
^**°"5'-

For this, however, we must refer to the beginning
of the article, and this head will be concluded by in-

troducing a substance that is very generally found
both in Great Britain and abroad. Fullers earth, we
have seen, from the general results, is alumine, com-
bined with very fine silex ; it is essential to this earth

that the particles of silica should be very fine, other-

wise they would cut the fine cloth ; hence tlie object

in washing over the fullers earth mentioned in a pre-

ceding paragraph. It is owing to the strong affinity, as

noted before, which alumine has for greasy substances,

that it is so useful in scouring cloth ; hence pipe clay,

the cimolian eai-th mentioned in the beginning of this

article, is frequently used for the same purpose ; and it

may also be concluded, that atiy clay possessed of this

property may be considered, in its uses, as fullers

earth ; for it is the alumine alone which acts upon the
grease in the cloth.

The properties required in good fullers earth are,

that it should contribute to the washing away all im-
purities, and promote that curling and intermixture of
the hairs of the woollen cloth, which thicken its tex-

ture, and give it the desired firmness. Both probably
depend on its detergent quality, that clears away all

the unctuous matter of the wool, and renders its parts
capable of becoming more perfectly entangled by the
mechanical action of fulling ; an effect not so likely to
take place where the fibres or hairs are disposed by grease
to slide easily over each other. The detergent power
resides in all clays, but is doubtless greatly increased
by the siliceous earth, which may be considered as the
brush, while the clay serves as the soap. This is fa-

miliarly shewn by the common practice of adding sand
to soap, which renders it much more detergent, but, at

the same time more capable of injuring the substances
to which it is applied, and that more especially when
the sand is course. Fullers earth is bad if the sand
be not exceedingly fine, and the superior excellence of
the Hampshire earth seems to depend more on the
fineness of its parts, than on their proportions, as is

shewn by the experiment of boiling it in water, after

which it passes more plentifully through the filter than
any of the other kinds of lithomarge. (t)

FULMINATING Powdehs is a name given to those
chemical comjiounds which are decomposed with such
rapidity as to produce a report, with other signs of vio-

lence. The most conspicuous of these bodies are the
ammoniurets of gold, silver, and mercury ; the preci-
pitate formed by alcohol from nitrate of mercury, which
has been called fulminating mercury, and the powder
formed with potash, nitre, and sulphur, called ptilvis

fulminans.
The first of these compounds, viz. ammoniuret of Fulminat-

gold, is prepared by dissolving gold in a mixture of ing gold.

€qual parts of nitric and muriatic acids ; dilute the so-
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lution with three times its vohime of water ; and add
pure nqiia amitioniii by a little at a time, so long as any
precipitate is tiirown down. Beyond this point, more
ammonia would redissolvc the precipitate, which is the

substance to be obtained.

In this process, the ammonia combines with the oxide

of gold, forming an insoluble yellowish powder. This

is to be separated from the liquid, washed with pure
water, ana dried at a low heat upon filtering paper.

When dry, it must be cautiously put into a clean bot-

tle, the mouth of which must not be corked, but slight-

ly covered with paper. Fulminating gold thus pre-

pared has the following properties. It explodes by a

smart blow from a hammer, or when sharply triturated

in a mortar. It is also decomposed with sudden vio-

lence when lieated to about 250°. By all these means,
the explosion is accompanied with a loud report, and
the disengagement of elastic fluids, and is accompanied
with light and heat. The hydrogen of the ammonia com-
bines with the oxygen of the oxide of gold, forming
water, which is dispensed in the form of highly elastic

steam. The azote of the ammonia, at the same time,

is evolved, acquiring great expansive force by tlie dis-

engaged caloric.

Fulminating silver is prepared by first dissolving

pure silver in nitric acid. By adding lime water to

this solution, the oxide of silver is precipitated; this

oxide is now separated by filtering and washing. Pure
ammonia is now to be poured upon the oxide, and al-

lowed to remain upon it twelve hours. The liquid part

is now to be carefidly decanted off, and a black powder
remains, which is the anunoniuret of silver, the sub-
stance in question. It is now to be transferred with
great caution, and by a little at a time, into as many
portions of clean filtering paper. This powder is even
capable of exploding, while moist, by a blow. When
drj', it becomes so susceptible of decomposition as to

explode by the slightest touch. The liquitl separated

from the powder, on being heated in a glass retort, af-

fords azotic gas ; and small opaque crystals soon begin
to appear, of great brilliancy, having metallic lustre.

These crystals are doubtless the true compound of am-
monia with oxide of silver, owing their protluction in

the cTystalliue form to their solubility in water. On
being touched, they detonate even when covered with
the liquid in which they are formed.

The same explanation which has been applied to the
fulminating gold will apply to the substance in ques-
tion, although the reason is not very obvious why the
fulminating silver should be more easily decomposed.
Perhaps it will be found, that the silver contains twice
the quantity of oxygen with the gold, and that the

oxide of the former combines with twice the quantity of
ammonia.

Fulminating silver has been lately used in making
what have been called fulminating balls. These con-
sist of small bubbles of glass a little lai'ger than a pea.
A small portion of this compound is introduced at a
little opening left for the purpose. The glass is then
covered with paper. Any force capable of breaking the
bubble produces the explosion.

Mercury, from its weak affinity for oxygen, forms a
detonating compound with ammonia, and other bodies
containing much hydrogen. The first of these com-
pounds is formed, by digesting strong aqua ammonia
upon the red oxide of mercury for ten or twelve days.
At the end of this time, the oxide as.sumes a white co-
lour in crystals, having the form of small scales. In
this form, it fulminates by heat similar to fulminating
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gold. Its effects, however, are not so strongly marked
as the two former, and it gradually loses its fulminating

property by keeping. The ammonia is separated, leav-

ing the red oxide unchanged.
Another fulminating compound with mercury, was ^m^-ymm'

discovered by Mr Howard. It is prepared, by dissol- HowarU'i

ving 100 grains of mercury in one ounce and a half of '^"'"""*''"8

nitric acid of the common strength. When the solution
'"*"^'7-

is cold, add to it two ounces of alcohol. Heat the mix-
ture gradually till eff'ervescence takes place. A greyish

white precipitate will now he formed, which must be
separated by the filtre, washed with distilled water, and
dried at a heat not exceeding 212°.

This powder fulminates with great violence. A few
grains laid upon an anvil, and struck with a hammer,
gives a report as loud as a pistol. The same effect takes

place, by triturating it in a mortar.

It produces a much greater quantity of light than
any other of the fulminating compounds, but very little

heat. When it is mixed with ginipowder, and a train

of the fulminating mercury be laid into the mixture,

and fired by the lighted paper, the whole of the fulmi-

nating mercury will be consumed without firing the

gunpowder.
Whether fulminating mercury be exploded by heat

or by percussion, the surface of the bodies near to it be-

come covered with tiie vapour of mercury.
This compound is said to consist of the oxide of mer-

cury, combined with oxalic acid, and a large quantity
of nitrous etherized gas. The explosive effect is to be
attributed to the oxygen of the mercury combining with
hydrogen in the etherized gas.

The fulminating compound, composed of three parts Common
nitre, two parts potash, and one of sulphur, has been fulminating

long known. When a little of this mixture is laid powder,

upon an iron shovel, and held over the fire, or placed
upon burning coals, or even held over the liame of a
candle, it first melts, and then very suddenly explodes
witli a report equal to that of a musket. Equal parts

of sulphuret of potash and nitre form the most perfect

compound. Hence it is evident, that during the melt-
ing of the first preparation, the sulphur unites with the
potash, forming a sulphuret, which at the same mo-
ment acts upon the nitre. The explosive effects are
to be attributed to the formation and rapid evolution
of sulphureted hydrogen and sulphurous acid gases,

the disengagement of azotic gas, and the highly elastic

steam from the water in the nitre and potash, (c. s.

)

FU.MIGATION, in medicine, signifies the mutation
of different fumes, fur the relief of catarrhs, coughs,
sore throats, &c. The term is also applied to the pro-
cess of fumigating rooms during the prevalence of con-
tagious disease. This has been long practised, but
perhaps with little success, till the discovery of the me-
thod proposed ;;y DrCarmichael Smith. We cannot ex-
pect much benefit to have been derived from the fumes
ofpitch, nor even from vinegar, which is more modern.

If it be true that contagious diseases are derived
from the presence of some elastic fluid existing in the

atmosphere, which has been called miasina, and since

these, of which there must be varieties, as well as the
disagreeable odours resulting from putridity, in all pro-
bability are inflaimnable matter, having hydrogen for

their basis, it seems highly reasonable, that good effects

may result from fumigating the places where they pre-

vail, with substances which easily combine with hydro-
gen. Hence we are to attribute the good effects which
were produced on board ships, and other places where
contagious disease prevaileti, by the use of the fumes
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of nitric acid as practised by Dr Smith, who, for this

discovery, received a premium from parliament.

After the discovery of the oxymuriatic acid, Guyton
Morveau, the French chemist, tried the effects of this

gas in the hospitals of France, with such decided suc-

cess, as to put its efficacy in destroying the contagious

matter beyond all doubt. The mixture which furnish-

es the oxymuriatic acid consists of three parts ofcommon
salt, one part of black oxide of manganese, and two parts

of sulphuric acid. The salt and manganese are first mix-

ed together, and placed in vessels of stone-ware or

glass, in the various rooms. The sulphuric acid is to

be added by a little at once, from time to time, obser-

ving that the whole must not exceed the proportion

above stated. The gas should never be evolved in a

cjuantity, to excite coughing, nor to be otherwise dis-

agreeable to the lungs. When we consider the benefi-

cial effects of this gas, we cannot fail to see the neces-

sity for using some of its liquid preparations for wash-

ing the hands and other bodies employed in cases of

contagious diseases. These may be the oxymuriate of

lime used in bleaching, or simple water impregnated

with the gas. ( c. s.

)

FUNCHAL. See Madeira.
FUNCTION, in analysis, is an expression of calcu-

lation, formed in any manner whatever from one or se-

veral quantities on which its value depends. Thus, if

x denote a variable quantity, and a, b, c, d, constant

quantities, then —'—4— is a function of x. Again, if
' c+dx
X and y are variable quantities, and a and b constant

quantities, the expression a.r?/-|- 6 //'- is a function of x

and y. For other distinctions between functions, see

Fluxions, Sect. I. Art. 2. The termJunction was first

introduced into analysis by John Bernoulli.

Calculus of Functions.

Sir Isaac Newton, the inventor ofthe method of flux-

ions, made its principles depend on the properties of mo-
tion, (see Fluxions, Art. 20—23) ; and Leibnitz found-
ed its equivalent, the differential calculus, on the nature

of quantities, which might be regarded as infinitely small

in respect of others. At first, mathematicians were more
eager to explore the rich mine which these philosophers

had opened, than to call in question the principles which
had led to its discovery. But when these came to be
critically examined, it was observed, that as motion was
an idea foreign to pure analysis, it could not legitimate-

ly be made the foundation of one of its most important
theories. Also, that the notion of a quantity infinitely

little, was too vague to form the basis of a branch of the
most precise of all the sciences. Hence it was thought
desirable, that the calculus should have an origin purely
analytical, and should depend entirely on the properties
of finite quantities.

To accomplish this reform, the late M. Lagrange at-

tempted to model anew the principles of the calculus.

He gave his ideas in the Berlin Memoirs for 1 772, also
in his Tlieoriedes Fonctions Analytiques, (1797,) which,
he says, " contains the principles of the differential cal-
culus, disengaged from all considerations of infinitely

small or vanishing quantities, or of limits or fluxions;"
and again in his Lemons snr k Calcul des Fonctions.

In the calculus of functions, the variable quantities
are denoted by the last letters of the alphabet z, y, &c.
and the constant quantities by the first letters a, b, &c.
A function ofa single quantity, is expressed by placing
the characteristic lettw/or F before it. Thus/a', or

F X, means any function of x. To denote a function of Functiu;.

a quantity, that is itself composed of a variable quanti- '"—'Y'"'

ty X, for example x-, or a-f-/; a'-f-e .c^, &c. the compound
quantity is included in a parenthesis, thus J\x''), or

f\a-\-bx-\-cx''). A function of two independent varia-

ble quantities x and 2/ is expressed thus / (x, y); and
so of others.

If two functions of two variable quantities x and y
are composed exactly in the same manner, and with
the same constant quantities, for example a a:" -f- 6 x -J- c,

and ay^-\- by -\- c, these are like functions, and may be
expressed in the same calculation thus,ya: and /;/ ; but
if the constant quantities are not the same in both, they
cannot be represented by the same characteristic in the
same calculation. However, if the constant quantities

enter alike into both functions, and only differ in their

absolute values, as in ax'' and by", these in the same
calculation may be denoted hyj{x, a) <ind_/ {y, b.)

The general notation we have used in Fluxions, art.

18, 23, 28, 45, &c. and in art. 193, Prob. 4. is almost

the very same as that of Lagrange.
The theory of functions depends on the change which

takes place in the value of a function, when its variable

quantity is increased by some indefinite increment, and
on the form of the developement of its new value. In the

function /x ^ x-, when x is augmented by the quan-
tity /, then fx becomes /" (x

-J-
«') = (x 4- i)* =. x' -f-

9,xi-\-i', and in the function ^'x ^ x', when x be-

comes X -}- i, then /x becomes/' (x-|- i) =: ( x -|- z')= =
x3 -j- 3 X* i

-J-
3 X i' -\- i^, and again, in the function

fx = -^, when x becomes x -}- i,fx becomesy (x -f-
i)

-i +
a . a .,-— 22 _ j3 -\- &c. By an

X-f-IX x" X> X'

examination of any number of particular cases, it will

appear that they have a common property, which con-

sists in the developement of /"(x •\- i) the new value of

the function having always the form /'x ^ ip -^ i- q ^
£3 r -|- &c. an expression in which the first term is/ x,

the original function, and tlie remaining terms are the

successive positive integer powers of i, the increment,

multiplied by a series of quantities p, q, r, &c. functions

of X, which are entirely independent of i, and which
have a determinate form, that depends upon the nature

of the original function. The truth of this analytic

theorem, first particularly noticed by Euler, may be in-

fen-ed from induction : As however it must result from

the principles of analysis, Lagrange has endeavoured

to demonstrate, that if tlie function f(x -|- i) be deve«

loped into a series of the form

_/x + i p + i' q + «' ' + &c.

the terms of which consist each of a single power of j

multiplied by a function of x, that is entirely indepen-

dent of i, the developement shall contain only the po-

sitive integer powers of i, and cannot by any means con-

tain either a negative or fractional power of that quan-

tity, provided that the value of x be altogether inde-

terminate. If, however, particular values be given to

'a', then the proposition will not be imivcrsal/y true.

Our limits oblige us to refer to Lagrange's work for the

demonstration (Theorie des Fonctions), which has in

some respects been rendered more complete by Poisson,

Correspondence sur L'Ecole Polytechniques, No. 3.

It being ascertained that the developement o{J'(x-\-i)

has in general the form

fx -|- i p -}- j2 y -f.
j3 r -|- &c.

in which p, q, r &c. are new functions of x, which de-

rive their origin from the original function/"x, the next
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thing to be consuleretl is the law of relation which con-

nects these quantities with each other. To determine

this, Lagrange supposes x to change its vaUie, and be-

come .r 4- o, o being any indeterminate quantity which

is independent of i. It is evident that the function

/(x -I-
i) will tlien become /(.r ^i + o), and it appears

"also that the same result will be had if inj{.r+ i) we

put i + o instead of «. Therefore also the result must

be the same, whether we put i-\-o instead of i, or x -f o

in place of x in the developement

fx + ip + i'q + i'r+ &c.

By the substitution of i + o instead of i in the series, it

becomes

ved, with the addition of an accent over the character-

istic letter. As the function p nr J' x is derived from

the function /j-, so from the function f x, a new func-

tion may be, in like manner, derivetl, which may be

iiidicatctl by /'" .r ; from this last ajrain another func-

tion, which may be represented by /""' x, may be found,

and so on : So that, in fact, the functions f x, /'" x,

J"'" X, &c. are the co-efficients of /', in the first terms of

the developemcnts of the functionsy"(j:
-J- i),f' {x + j),

f" (X + i), &c.

We have therefore p = /' x, and as p' is the function

derived from /;, as p was from /x, we have p' =zj'" x,

and therefore q = ^f"x. Again, q' being derived from

q exactly as p' was from p, or p from fx, we have

1

Punctiorn.

/x + (f + ) ;> + (/ + )
•
9 + ( t + ) 3 r + &c.

^, _ ^j,„ ^^ ^^ consequently r=-^ f" x, and so

which, by exj>anding the powers of i -\- o, and writing,

for the sake of brevity, only the two first terms of each

power, because the comparison of these terms is suffi.

cient for the object in view, is transformed to

(A)

&c.

&c.
/x-|-.>-H i^q + «3r + i^s +

-j-o/j-i- 9.ioq-{-3i-or-\-^i^os-\-

In order to affect the substitution of x -f-o instead of x

in the same series, we must consider, that seeing the

function fx becomes/x 4- ip + i^ gr+ j'J r+ &c. when
r is changed into x -f- i, it will become /'x-j-o/J-l-o*^

-J- o' r, &c. when x is changed into x-\-o. In like

manner, if p -f-
i p' -|- &c. q + t q' + &c. r + i r' -}-

&c. are what the functions p, q, r, &c. become when
X 4- i is substituted in them in place of x, and they are

<leveloped according to the powers of i, we shall have

by changing t into o,

p J^.op' '\- &c. q 4.05'+ &c. r-\-or' + &c.

for the developemcnts of the same functions, when
X -{- is substituted in them instead of x. Therefore,

by tliis substitution, the series J.r -\- ip^ i- q-\- &c.

will become, by omitting the terms which contain the

second and higher powers of 0,

(B)

fx + ip + Pq + «' r + i* s + &c.

-j-o/J-j-iop'-f j^og'-j-e'or'-f- &c.

This result ought to be identical with the other, inde-

pendently of the values of i and o, which may be any
quantities whatever. Now, by the theory of indeter-

minate quantities, this can only be true when the co-

efficients of like powers, and products of i and o, are

identical ; hence, by comparing the developemcnts (A)
and (B), we get these identical equations,

2q= p', 3r= q', 4s=r', &c.

from which again we find

5 = I ;/, r = I g', f = i r', &c.

Remarking now that p is deduced from the original

functionyx, by first substituting x -f- i for x, then de-
veloping the result f{x+ /) into a series, proceeding
according to the powers of i, and lastly, taking for the
value of p that function which is the coefficient of the
simple power of i ; its origin, and the series of opera-
tions by which it has been found, may be indicated by
an appropriate symbol. We have already put «', q', r',

to denote quantities deduced from the functions&c.

Therefore, substituting these expressions in the se-

ries

fx + i p + i^ 9 + '' *" + ^'^•

which is the developement oi/{x -^ i), we find

/(x + =/x + j/ X + ^/" X + -^/" X
2.3-

2.3.4'
/" X + &c.

f. q, r, &c. exaetly as p is deduced from x ; we may
similarly denote the quantity p hyf x, that is, by the
symbol for the function from which it has been deri-

This beautiful analytical theorem was in substance

originaly discovered by Dr Brook Taylor (Melhodiis

Incrementorum.) Lagrange first demonstrated it inde-

pendently of the fluxional or differential calculus, and
made it the foimdation of his theory of functions. The
form under which he has given it shews clearly how
the terms of the series depend on each other, and, in

particular, how the functions which are the coefficients

of i may be derived one from another, when the man-
ner of forming the firsty' x from the original function

fx is known.
Lagrange calls the functionyx the primitivefunction,

in respect of the functionsy x,f" x, &c. These, again,

in respect of the primitive function, he calls derivative

functions {^fauctions derivees. ) The functiony x is call-

ed thefirst derivative function, or derivative function of
thefirst order, or simply the prime function; the func-

tion/" X, derived from it, is called the second derivative

function, or derivative function of the second order, or

simply the second function; and again, f" x, derived

from the preceding, is the third derivative function, or

derivativefunction of the third order, or third function,

and so on.

Any function whatever, in respect to that from which
it is derived, is its derivative function, and this last is

the primitivefunction of the other.

Sometimes, instead of using the characteristic letter

y, a function of x may be denoted by a single letter y ;

then, y being used instead of the symbol /x, the S3'm-

bols y', y"; y'", &c. may represent the charactersy' x,

f" X, f" X, &c. According to this notation, y being

any function of x, when x becomes x -}- //, then y will

become

y + «>' + yy+ 2^y" + ^•<'-

Since every derivative function of the first order is

merely the co-efficient of i in the developement of the
primitive function fx, when x

-f- i is substituted in-

stead of X, the determination of the derivative function

of any power whatever x" is in fact the same thing as
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Functions, the determination of the term that contains the first

^^"'Y'"^ liower of i in the developement of (x -\- i)", according

to the powers of i. Now it may be demonstrated by

the elementary operations of algebra, that whether n be

ixjsitive or negative, whole or fractional, the two first

terms of the developement of (jc + i)" are x" + nx"-'i,

(See Algebra, art. 319; also Fluxions, art. 7.) ; there-

fore, the first derivative function of x" is nx"~K It is

now easy to find all the terms of the developement of

f(a-
-f.

i) = (.T -}- J)?. For since from ^a- = a.-", we
hayef'x = n x"—', from this last we derive

f"x=n{n—i) x"-S
and hence again f"'x =:n{n — 1) (n— 2) .r"— ', &c.

-So that from the series

sions substituted in the developement of/ (x + t) and

F (x + i) give

sin. (x +1) = sin. x + i cos. x—— sin. a:—— cos. ,x--f &c.

f(x + i) =/.t 4- if'x+ ^-/".rH &c.

we get

(x 4- 1)"= 3?"
-f- wx"-'?' +

« (n— 1

)

-- i^+&c.

which is Newton's binomial theorem.

Next let the function be^x = a", a being supposed

constant, and x variable ; theny {x -\- i)=a ^"*''. Now
the common principles of analysis are sufficient to prove

that the two first terras of the developement of a*+'
are a * + •'^ "^ *; ^^^^^ A is the Napierian log. of a,

(see Algebra, art. 355; also Fluxions, art. 14. and I9.)

Therefore the first derivative function of a * is A a ^>

that is, f'x = Aa" ; hence again/" x =A''q^,f"'x=
A3 a X &c. These values substituted in the develope-

ment of/(x -|- i) give

A'' A3
0"+' = 0^ + A a " f + -jK.^'' + 271 " '' *'' +^''=-

Let the function be/x =: log. x, thenjr(x + i) =:

log. (x + i) ; but it may be proved, as in the former
cases, that the two first terms of log. (x -j- i) are

leg. x^- g— ijBbeing put forthe Napierian log.of the ba-

sis ofthe system ; (see Fluxions, art. 18. and 1 9.) There-

fore the first derivative function of log. x is=— ; and.Bx
1

because/'x =:.^x-' by the rule for the derivative func-

tion of a power, we hence findy" x= =x—°=r -
1

and again/'" X = « 3' ^^- These substitutions being

made in the general developement of/(.r
-f- i), we get

B X
"*"

2 B x2 + &c.log.(x + = log..-h Bx-2Bx^-3Bx^
It has been shewn, (Fluxions, art. 17, and 19,) that

the two first terms of the developements of the sine and
cosine of x -^ i are

sin. (x -f i) = sin. x -f £ cos. x -J- &c.
cos. (x -f f)= cos. X— i sin. x + &c.

Hence it appears that the first derivative function of
sin. xis COS. X, and that the first derivative function of
COS. X is— sin. x : Since therefore in the case of/x=
sin. X, we have /' x = cos. x, it follows that/' x =— sin. X, /'" X = — cos. X, &c. and since when
F X = cos. X, we have F'x = — sin. x, it follows that
¥"x = — COS. X, F'" X = sin. x, &c. These cxpres-

2i3'

cos.(x-f-2')=cos.x— isin. x— ^cos.x -|- — sin. x+ &c.

From the brief view we have given of this calculus,

its intimate analogy with the method of fluxions, or dif-

ferential calculus, must be evident. In fact, they all

rest upon the same analytical principles, and, the ob-

ject presented to the mind in each is the same; for the

different orders of derivative functions in Lagrange's

calculus are identical with the successiTe differentials,

or rather differential coefficients in that of Leibnitz, and

with the different orders of fluxions in Newton's tlieo.

ry. The pecidiarity of each calculus, as delivered ori-

ginally by the inventor, consists in that relation be-

tween the original function and its prime function, or

differential, or fluxion, which the mind selects as a sub-

ject of contemplation. We have seen that it is a fun-

damental proposition in analysis, that if x -|- ? be sub-

stituted for X in any function/x, its new value/(x -|- «)

has always the form/x -|- ip -f £" 5 -|- £3 r -f &c. p, q,

r, &c. being functions of x, which are independent of i.

Newton observed, that if x and/x are represented by
two lines generated by motion, and if i be the velocity

of the point which generates x, then i p, the second term

of the developement, will be the velocity of the point

that generates/x ; (Fluxions, art. 20—22.) hence he

called ip the Jluxion of the function /x. Leibnitz

again considered, that if x was increased by the quan-

tity i, thenfx was augmented by the increment ip +
i» q ^ i^ r \- &c. But supposing i indefinitely smaU,

the first term of this series is indefinitely greater than

the sum of all the following terms; therefore re-

jecting these, and retaining the term ip alone, he cal-

led it the differenlial of the function fx. (Fluxions,

art. 107—110.) Lagrange, regarding the generation

of algebraic quantities by motion as incompatible with

the principles of pure analysis, and also considering the

doctrine of infinitely small quantities, as too slippery a

foundation for so sublime an edifice, he rejected both

views of the subject, and deduced its principles from

the theoiy of the developement of functions into series.

It is in general admitted, that</ie Theory of Analytic

Functions has fulfilled the promise of its illustrious au-

thor, " to deliver the principles of the differential cal-

culus disengaged from the consideration of infinitely

small or vanishing quantities, also limits and fluxions."

We think, however, that he has under-rated the value

of the theory oi limits, as delivered by Maclaurin and
D'Alembert, when he says that the kind of metaphysique

that must be employed in it is, if not contrary, at least

foreign to the spirit of analysis, whicli ought not to

have any other metaphysique than that which consists in

the first principles, and the first fundamental operations

of algebra.

The ingenious author, in the discussion of his theory,

has adopted a new notation. This has been matter of

regret, (Lacroix Cal. Dif. vol. i. art. 82, 83.) because

the notation of the differential calculus was quite suffi-

cient. In the comparison of methods and formulae,

different notations are perplexing, and the number of

arbitrary characters already employed in analysis is a

considerable and increasing evil. This, however, is but

a small defect, when the luminous views and original

methodswhich the work contains are taken into account.
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Functions many of the French mathematicians regard the publica-

I'uii n
*'"" "^ ^^^ Theort) of Functions as an era in analysis : In-

lL- <leeil, all the works of the differential calculus that have
•• since appeared, have more or less adopted its views

See, in particular, Gamier, Legons dc Cal. Differentiel.

The mathematical reader will of course study the Theo-
rie des Fonctions itself; and it may be useful to know
that the author published a second and improved edition
of the work in 1 8 1 3, a short time before his <leath. ( |

)

FUNCTIONS. See Physioloov.
FUND, Sinking. See Debt National, and Sinking

Fund.
FUNDI, or FoNDi, the name of a town and lake

in Lavora, situated near the confines of the Roman and
Neapolitan territories. The town, which is situated
in the fertile valley of the same name, is very small,
consisting of one street on the Via Appia, which still

retains here its ancient form, bein^ composed of lartre

flags, fitted togetlier with great skill, and witliout any
cement. Fundi, which has a gloomy appear.ince stands
on a plain, surrounded on one side with hills, most of
which are covered with olil'e trees. The whole plain
is adorned with orange and citron trees, interspersed
with cjpress and poplars. The wines of this district
were formerly celebrated, and still enjoy some reputa-
tion. At the extremity of the town, there is an old cas-
tle of little strength.

The lake of Fundi, Lacus Fundanus, or Atnyclanus,
wliich lies between the road and the sea, is a fine ex-
panse of water, formed by several streams which fall

from the mountains. Towards the road, its margin is

covered with myrtles poplars, and luxuriant shrubs and
flowers. The exhalations which arise from the lake
and from- the marshes, which are produced when it

_ overflows, greatly affect the salubrity of this fertile val-
ley. Mount Caecubus is seen a little to the right, in going
out of Fundi to Itri. Distance from Capua, 40 miles
west, and. from Rome 56 east. East Long. 13° 30', and
North Lat. 41" 20'. See Eustace's Travels, vol. i. p.
472. (./)

FUNDI, Bay of, is the name of a large arm of the
sea, extending principally between New Bhunswick
and Nova Scotia. See these articles.

FUNEN, FvoN, or Ftonia, is the name of an island
and province of Denmark, situated near the entrance
of "the Baltic, and separated from the continent by
the strait called the Little Belt. The island is of an oval
form, and is about 35 miles long from north to south,
and 30 from east to west. The coasts are in gene-
ral flat and sandy, and the country is open, with
a gently undulating surface. There are several lakes
and rivers in the island, but none of them are navi-
gable. This province is more fertile, and produces
more grain, than any other in Denmark. The soil
IS less argillaceous than that of Zealand, but is more
susceptible of all kinds of culture. Its prindpal pro-
ductions are barley, oats, rye, and pease; and about
10,000 barrels of com are exported annually to Nor-
way and Sweden. Funen is almost the only place in
Denmark where bees are reared with success. Much
wax, and honey of a superior quality, is produced, and
mead IS made in great quantities.
The orchards of Funen supply the kingdom with

fruit. There is very little wood in the island, and the
inhabitants make use principally of turf for fuel. Many
of the Danish nobility have country seats in the island.
Odensee, which is the capiul of the island, communi-
cates with the sea by a river, the navigation of which

VOL. X. PART I.

FUN
IS facilitated by a canal. There are about 35 small F'uncni,
vessels belonging to the town, but the commerce of the "^"""V^,
island occupies about 200 or 300. The principal trade
of Odensee consists in the exportation of grain and
skins. See Catteau de Calleville's Tableau dc la Mer
Baliiqite, torn. ii. p. 324 ; and Coxe's Travels, vol. v.
p. '233. (tv)

FUNERAL. The disposal of the dead has chiefly nifferent
been accomplished by inhumation and cremation, the '^oics of

lifeless body being for ever removed from the sight of '!''''?'''",* "^

the survivors. Some nations, however, unwilling t,,
'"="«»"•

part with it, or actuated by certain religious principles,
have preserved it entire ; and men have been able to
contemplate their forefathers, who existed many gene-
rations previous to themselves.
The more rude and uncivilized tribes do not possess

the same facilities of disposing of their dead that are
possessed by cultivated nations. In high and frozen
latitudes, they are compelled to abandon them on the
snow, which throughout the year is impenetrable, as
towards the Lake of Athapuscow, and among the Chi-
paWayan Indians; or they cover them with branches
in the woods where they expire. The ancient Col-
chians, Herodotus affirms, did not bury their dead, but
suspended them on trees ; a custom witnessed among the
Ilinois and Aleutian islanders. And the Tungoose, a
Siberian tribe, having dressed the body in its best ap-
parel, inclosed it in a strong coffin, which is suspended
between two trees, while the arms or implements of
the deceased are buried under it. Others, as the Par-
sees, or Gabres of Persia and Bombay, are accustomed
to expose the bodies of their deceased in an open edi-
fice, where they are devoured by birds of prey ; and
in Thibet it is usual to deposit them in walled areas,
inaccessible alike to wild beasts from below, and the
fowls of the air from above. The Parsees, who con-
stitute a large proportion of the population of Bom-
bay, deposit their dead in a hollow tower of large
diameter, mostly built up within, and having a sink
or well in the centre. When the vultures, which al-
ways hover around, have cleaned the bones of their
flesh, they are precipitated into the well, which has
subterraneous communications. Those of the inhabi-
tants of Thibet who are unwilling to consign their rela-
tives to the ordinary cemeteries, cut their bodies into
quarters, and carry them up to the hills, where they
may be devoured by birds : but inhumation never takes
place. Amidst all these customs, however, few exam-
ples occur, in which the dead are committed to the wa-
ters : nay, it is not known to be practised by the ru-
dest modern tribes, to whom the disposal of them
otherwise must always prove difficult and laborious.

Inhumations aie generally such that the deceased may By inhum«.
lie upon his back, or sometimes rest on one side; and the *^°'^

remains of Christians may frequently be recognized in
the preceding position, from the aims being crossed on
the breast. But the ancient Nasomenes, according to
Herodotus, were so averse to this mode of inhumation,
that they not only interred the body in a sitting posture'
as is done by the modem natives of Hudson's Bay, but t
prevented an expiring person from thus breathing his
last. Some, though not many, inter their dead standing.

Inhumation has been practised alike by savage and Customs of
civilized nations : either simply in the ground, or in "'* '^feeks

subterraneous stractures ; in the vicinity, or at' a dis-
"'^ ^"*

tance from the dwelling of the deceased, or the habi-
""*"'"

tations of the living. Near Sierra Leone in Africa, chil-
dren are frequently buried in the houses oftheir parents

;

E
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I'uncraJ. and the Soosoos, an African tribe, otYen inter the dead

in the streets of their villages; but most commonly
the place of sepulture is at some distance. The Jews
buried their dead ; and the same was done by the

Greeks and Romans their contemporarieSj who prac-

tised superstitious ceremonies on the occasion. So in-

timate a resemblance was observed by the two latter,

the one of which derived the greater part of their

customs from the other, that the same illustrations may
explain the funerals of both. The Romans, however,

improved several of those known among the Greeks

;

and from the greater number of historians which have
been preserved, we are better acquainted with them.
When a person expired, his body was washed with warm
water, anointed with aromatic substances, or embalm-
ed ; and each of the members had a particular unguent.

It was shrouded in fine linen, which was white with the

Greeks, and black with theRomans ; or the latteremploy-

ed a common Avhite toga. If the deceased was a distin-

guished person,he was clothed in his costume of cercmo-
ny,kept seven daysduringthe necessary preparations for

the funeral, and exposed on a state couch in the vesti-

bule of the house, with his feet towards the door, at

whicli were placed branches of the cypress or pine,

according to his rank. In this we are able to trace the

origin of the mutes at modern funerals, stationed at the

door, with black plumes mounted on poles. A guard
was always placed beside the body, to prevent the com-
mission of any theft ; but if it was that of a person of

the first consequence, there were only young boys to

drive away the flies. The seven days being elapsed, a

herald publicly announced that the time of the funeral

had arrived, and invited the attendance of all those who
chose to assist. None, however, except the friends or

relatives of private individuals did so; but public offi-

cers, or the people at large, attended, if the deceased had
rendered services to the state. The body, according to

a law ascribed to Solon, was carried out by the Greeks
before sunrise, which was particularly adhered to in the

obsequies ofthe young, in order that the luminary ofday
might not throw his light on such a melancholy specta-

cle as their untimely end. The deceasetl reposed on a
bier, ornamented in proportion to his rank, crowned
with a wreath of flowers, and having his face exposed,
unless when it had been distorted in death. The custom
of crowning with flowers, however, was not peculiar to

the Romans. Several nations have been profuse in the
use of them, and have also employed many varieties.

Among the earlier Christians, it was customary to carry
evergreens before the deceased to his grave : and even
so late as the 17th century, cypress garlands were in

great estimation at the funerals of the higher ranks, and
rosemary and bay at those of the lower. Dionysius Ha-
licarnassus relates, that at the death of the daughter of
Virginius, the women and virgins left their houses, de-
ploring her fate, and some threw flowers and garlands on
her couch. A parade and procession followed, of torch-
bearers, musicians, and theattendant relatives, and among
the Romans there was a mimic, whose province it was to
•wear the same habit, and represent the same manners as
the deceased. His own bust, along with the bust of his
relations, was carried on an elevated platform, and his
spoils in war or insignia of honour were likewise exhibi-
ted. Busts, however, were not borne before persons of
low origin,nor before those whohad been condemned for
any crime, though they had been invested with dignities.
Next followed hired mourners, women whose employ-
ment was to lament the deceased, and who lavishly in-

termingled his praises with their wailings. His friends Funeral.

and relatives, all clothed in black, joined in the proces-
^^"''^''^"f

sion; and also his sons with their headsveiledfrorapublic
jijg'Qr™*)^"

view, and his daughters bareheaded, with dishevelled gmi rq-
hair, and barefooted, attired in white. Thus the body man?,

was conveyed to the place of sepulture, or to the funeral

pile, for inhumation and cremation were equally prac-

tised both by the Greeks and Romans : only the latter,

being a much more expensive ceremony, was particu-

larly reserved for wealthier persons. The original

spot of interment was probably not far from their usual

dwelling; but afterwards the Greeks selected one at

a distance, which is invariably done by tribes removing
from their primitive state. Plato says, the bodies of
persons deceased should be conveyed to situations use-

less for other pui^poses, '• because the natural fertility

of the earth is not to be impaired either by the dead or

the living." But they were careful always to lay the
head towards the east, while other nations are indifter-

ent about the position ; and the Christians uniformly
lay it to the west. Thus in the accidental discovery of
cemeteries in Britain, of which no memorial remains,

we can ascertain whether they have been used anterior

to the introduction of Christianity, by the head lying

to the west or otherwise. The laws of the twelve ta-

bles prohibited interment within the city of Rome; and
therefore cemeteries were prepared in the fields, or near
the higli-ways, and often consisted of brick or stone

buildings, with a number of niches, whence they were
called Columbarium. Many minor ceremonies took
place with these two nations, such as inhaling the dying
breath of the deceased, as if to receive his soul ; the

nearest relation first closing and again opening his eyes,

and putting a coin in his mouth, to pay the freight to

Charon across the Stygian ferry. These customs are now
universally abrogated, from Greece being occupied by
Mahometans and Christians, who practise very different

ceremonies ; and from the Roman territories being in-

habited by Roman Catholics only.

A greater portion of the surface of the globe is pro- Castoms of

bably possessed by those who profess the religion of Mahome-
Mahomet, than by those who entertain any other tenets, 'ai's-

Their funerals are conducted with much solemnity by
their priests or Imams, and are attended by the friends

and relations of the deceased ; but in general, the body
of males is accompanied by males only, and those of fe-

males by their own sex. The extinction of life is fol-

lowed by immediate preparations for interment ; and
this proceeds from an idea, that if the bliss which
awaits the true believer is merited by the deceased, not
an instant should be lost in conveying him to the ceme»'

tery ; should it be otherwise, it is incumbent on every
good Mussulman to discharge himself as speedily as

possible from the service of the wicked. This precipi-

tation, though not common, occurs among other na-
tions : in some, it originates from the necessity of
immediate interment in hot climates ; in others, it is

an established custom, which cannot be traced to any
certain soiuce ; but it is so great, as to admit of very
little doubt, that many persons are committed to the
earth before life has fled. A few hours after dissolu-

tion,the body, having been previously washed with milk
and water, or with water only, is placed on a bier with
the face uncovered, and carried with hasty steps to the
grave. As Mahomet has declared that whoever shall

carry a dead body forty paces towards the place of
sepulture will thereby expiate a deadly sin, it is usual

for all ranks to tender their assistance on meeting a fu«



FUNERAL. 35
Tunerul. neral procession. Bein;; nredestinarians in the strictest

"—V"^ acceptation, no dread of danger or injury deters thcni

from it ; whence a devout Mahometan, even while the

plaj^e rages, offers his assistance, and supports, with-

out apprehension, the body of one who has died of

it. The interment being finished, and the deceased

placed on his right side, and turned towards Mec-
ca, the Iraam repeats a prayer, and calls him three

times by his name, mentioning also that of his mother,

but without the smallest allusion to the name of his fa-

ther ; and when in ignorance of her name, it is not un-

usual to substitute that of the Virgin Mary. This part

of the ceremony bears some analogy to the Conclamatio

of the Romans, among whom it was customary to call

the deceased with a loud voice, after he was laid on the

funeral pile, or when he was a person of distinguished

rank, to use horns or trumpets. It has likewise been
common with many nations of the world, and is so with

the lower classes of people in Ireland, to call loudly on
the deceased, to interrogate him why he died, and
whether he had not everj' thing in this world that he
could desire. With the Romans it has been sujipo-

sed, but without any rational foundation, as designed to

ascertain whether or not the body is inanimate ; because

instances are given of persons rising from the pile pre-

pared to burn them, and returning in health to their

homes. The name of the deceased Maliometan and his

mother being pronounced, another ejaculation or prayer

follows, and the jiarty returns home. No weeping, or

symptoms of distress, are seen at a funeral ; all profess

unlimited resignation to the will of Providence : VV'hat-

ever happens is deemed a wise dispensation, which it

would be impious to lament. Their cemeteries are of
considerable extent,and the graves shallow and separate

;

for the modem European custom of interring numbers
in the same grave is unknown. However, it has not
been universally so in Europe; for the canons of the

Council of Attxerre declare, non licet moiiuum super

morluum mild. The grave is covered with a slab, which,

instead of being plain and flat, is perforated in the cen-

tre, so as to admit of cypress trees being planted imme-
diately over the body. A hollow square stone is occa-

sionally preferred, which, being filled with earth, admits

of the cultivation of trees or herbs within it. Relations

frequently visit the cemeteries, and pray on the graves

of the deceased ; and it is peculiarly interesting to see

widows and orphans occupied in this pious vocation.

jB>e eas- An opposite custom is presented in many respects

MB nations by the Chinese and Tunquinese, whose numbers far

HHerve the exceed the inhabitants of all the European states com-
'

"-L"?^ bined, and vie with the numbers which are under the

sway of the Mussulman doctrines ; while they have
subsisted under a regular form of administration, and
preserved the same ceremonies for the lapse of thou-

sands of years. With the latter, instead of hasty and
precipitate interment, the body of a person deceased is

preserved a long time, sometimes two years, in order to

admit of sufficient preparation for his obsequies. A
splendid funeral is the utmost object of ambition. In-
dividuals are content to labour their whole lives, and
.subsist in penury, that the funeral pomp at their

death may be the greater. When this is conducted
wit!) uncommon magnificence, it forms an epoch in the
history of a family, of which the remembrance is

transmitted to successive generations ; and nothing can
be a more serious reproach than an heir having omitted
this essential means of doing honour to his predecessor.
Unlike the customs of the western world, a Chinese or

t unbu-

a Tunquinese prepares his coffin a long time before he
expects that, in the cour.se of nature, it shall receive

his earthly remains. Its splendour is the primary con-
sideration, and the w^ealthy frequently expend a great
portion of their property in obtaining one made of some
valuable wood, adometl with sculpture or piiinting, and
decorated with inscriptions. It is not unusual for the
children of a family, by contributing among themselves,

to get an elegant coffin privately made for their father,

or for any other near relation, and endeavour to give him
an agreeable surprise,by conveying it unexpectedly into

his apartment : this mode of presenting a colTin to a pa-
rent is a filial act of piety. Its place is in the banquet'
ing chamber, as an ornamental piece of furniture, to be
admired by the guests of the owner, who do not fail to

compliment him on its beauty. But when the period
for its occupation does arrive, and a person breathes his

last, the byestanders cover his face with a handkerchief,

to which they believe his soul attaches itself, and it

is carefully preserved. His body is put into the coffin,

which still retains its original place, and along with it

clothes, goods, and rice, to serve for his use in the next
world. Men are clothed in seven of their best habits ;

tvomen in nine. The coffin is not nailed, but joined
with a very adhesive pitch, and then entirely varnished

over, •ohich precludes the escape of any emanations.
Meantime regular visits are paid to the deceased, and
whatever be the rank of the visitor, on this occasion, he
always holds himself inferior, at no time approaching
the coffin without four prostrations. At every meal of
the family, different kinds of food are offered to the de-
ceased, of which he is entreated to partake ; and the

principal person of the house, in pronouncing an eulogi-

um on his character, deplores his loss to the survivors,

and offers unlimited rewards to heaven for his resto-

ration. The splendour of the funeral is all this time in

contemplation. Should the tangible funds of the de-
ceased be inadequate, his lands are sold ; and should
something still be wanting, his children dispose of their

own property, or the friends and relations contribute

;

and as a record of the greater donations is kept, he who
is thus liberal is entitled to singular honour. Parti-

cular solemnity is observed in transporting the body to

the place of sepulture : the eldest son, or nearest rela-

tive, precedes it, having his head wrapped in a faggot
of straw, and throwing himself on the ground at re-

peated intervals, as if to interrupt its passage ; and the
procession is slow and long, and interrupted by many
pauses. Much importance is attached to the place of
sepulture ; priests are consulted on the subject, and 40
or 50 times greater price is paid for what is judged the
most suitable, than for any other spot of land. It is

such as is supposed to be most satisfactory to the dead,

and favourable to the living. Children who experien-

ced misfortune, after the death of their father, have
been known to dig up the body, and deposit it in a pre-

ferable place, in order to avert the influence of destiny.

One singular ceremony, in Tunquinese funerals, consists

in carrying a vase full of water on the coffin, which, if

accomplished without spilling a drop, is judged a happy
presage, and the bearers are liberally recompensed.
The Jews still preserve some of the ancient ceremonies

practised in the burial of their dead, when they were mas-
ters ofJerusalem. The thumb isbent into a particularpo-

sition : the bearers ofthe corpse wear no sandals, lest the

breaking of a latchet should interrupt the procession ;

they rend their'garments; and throw dust on theirheads.

But they had a pomp and solemnity equal to those of the

KutTcra!.
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Vuneral. other nations, which they gradually rose to rival or ex-

^""Y""' eel. Josephus relates, that the bier of Herod consisted

of gold, ornamented witli precious stones, and a pui-ple

couch, whereon the body lay, covered with purple

;

there was a crown of gold on the head, and a sceptre

in the right hand ; the army marched in solemn pro-

cession, and five hundred of the royal domestics and
freedmen followed, bearing sweet spices in their hands.

Crematitm Inhumation is practised universally in Europe,

brth'b th
tliroughout Africa, and in most parts of America ; while

ancienteand cremation, though an unusual custom, is a common
modcros. mode of disposing of the dead in Asia. This has pi'e-

vailed from remote antiquity, for many years antece-

dent to the Christian era, and, as well as another ceremo-

ny closely connected with it, and to which we shall

soon advert, has undergone little alteration. The an-

cient Greeks and Romans burnt their more illustrious

dead. The body, clothed in its best attire, was depo-

sited on a pile, formed of combustible wood, with a

piece of mone}' in the mouth, to pay, as before observed,

the freight to Charon. The whole pile was environed

by boughs of the cjpress tree, liquids fit to disseminate

an agreeable odour were poured on it, and the ijearest

relative applied a lighted torch. The arms of the de-.

ceased, and other things most regarded by him, were
thrown into the pile and consumed ; and to do him ho-

nour, the byestanders contributed their offerings in the

same manner. But in order to preserve some remains
of the body, it was enclosed in an envelope of incom-
bustible cloth, and the ashes being collected along with
the fragments of bones unconsumed, were washed
with milk and wine, placed in an urn, and along with
lachrymatories containing the tears shed for the de-
ceased, consigned to a tomb wherein were frequently de-

posited sepulchral lamps. No customhasbeenmorewide-
ly practised than that of burning the dead ; we find it

among the most polished nations of antiquity, and among
the rudest modern tribes. It was practised in Britain, in

Gaul, and many other countries whose names are trans-

mitted to us by liistory. At this day, the Tshutchi, a
nation inhabiting a rigorous climate at the north-
eastern extremity of the Asiatic continent, burn their

(lead, and the spot where it is done is marked by stones
kid in such order, as to bear some resemblance to the
figure of the human body. A large stone is placed at

the head, which is anointed with marrow and fat, and
a small pile of deer's horns, heaped up at a little dis-

tance, which receives a yearly accession when the place
is visited by the relatives of the deceased, who recapi-
tulate his feats and qualities. In the island of Japan,
and in the kingdoms ofAva, Siam, Thibet, and through-
out many parts of Hindostan, cremation is not uncom-
mon. But in the former countries it is chiefly the bo-

^
dies of the wealthy which are treated with that distinc-

' tion. What proves an affliction to other nations of the
earth, is the source of rejoicing among the natives of
Ava

; the dead seem to excite no regret, or, to use the
words of a modem author, much ingenuity is shewn in
the means of abating it. At the same time there is

great semblance of grief, for the widow and her friends
repair to the spot where the pile was erected, and with
loud lamentations collect the half calcined bones and
ashes

; some days being previously occupied in dan-'
cing and festivity. The Siamese display particular
funereal pomp in the cremation of their dead. The
mtestnies are previously removed

; perfumes and wax
lights are burnt around it, and it is carried forth
on a gilt wooden bier. All the family and friends

dressed in white, attend the pUe, which is kindled Funeral,

amidst the sound of instruments. But the honour '""'Y'™^

of cremation is not conferred on every one indiscri-

minately ; those who have suffered a capital sentence

of the law ; all who have been exposed to a violent

death ; and women who have died in parturition, are
consigned to the earth, which is regai'ded as disrespectful

to the deatl. The pile is composed of precious woods,
generally erected near some temple; and the cere-

mony is embellished by fetes and theati'ical exhibitions.

But we shall afterwards speak of the remarkable cere-

monies adopted on such occasions in further detail.

The Chinese do not always consign the coffin to the
earth, nor do all those nations, which remove the body
from view without destroyingit, practise interment. The
poor of Aracan, who have none to pay the expence of

,

a funeral, are carried to the side of a river, to be wasli>

ed away as it flows. Some tribes in the neighbour-
hood of Caffraria, sew up the corpse in skins, and car-

ry it to a distant thicket. The Araucanians, on lo-

sing a relation, seat themselves on the ground around
him, and weep during a long time. The body, clo«

thed in its best attire, is then exposed on a high bier, re-

maining there during tile night, wliich is either employ-
ed in lamenting with those who come to offer consola-

tion, or in eating with them ; and this meeting is called

curicahuin, or the black entertainment, from the sym-
bol of mourning. One, two, or three days after death,:

the body is carried in procession to the cemetery, sur-
rounded by women bewailing the deceased, and ac-

companied by another woman, who strews aslies on the
road. It is now laid on the ground along with wea-
pons if it is the body of a man, or feminine imple-
ments if it is the body of a woman, and with a
quantity of provisions for subsistence during the pas-

sage to the other world. The spectators take leave

of the deceased, and wishing him a prosperous journeyi
raise a pyramid of earth or stones above the body, on
which a quantity of the country beverage is poured.
Perhaps the Highland cairns, the carnedds of Wales,
and tumuli of other regions, have all a similar origin,

and may have originated without actual inhumation.
Several of the North American tribes testify a very .p,,g ^^^^

great solicitudeconcerning the bones of the deceased. Nor preserved
is this confined to tlie inhabitants of the North ; for the for the ce-r

same is seen among those towards the opposite extremity metery.

of the continent ; and the historians who consider the in-
habitants of America as descended from the Jews, think
that they find some analogy here. TheChoktahs,orChac-
taws, after three months previous inhumation, dig up the
body, and place it on a scaffold opposite to the hut ofthe •

deceased, around which the family and friends convene,
jointly participating in great lamentation, and a subse-
quent feast. A person, whose particular office it is, de-
spoils the bones of their flesh, which are then carefully
collected, and being placed in their natural order in a
small chest, are carried in solemn procession to the bone-
house. This resembles a shade elevated on posts, open
at both ends, and those of the different tribes are kept
separate. It is even judged impious to mix the bonea
of strangers with those oftheir own kindred ; and there-
fore, if necessity compels them to deposit the bones of
different tribes under one roof, they are still kept se-

parate. Sometimes the skull, on these occasions, is

painted red, and if the deceased has been a man of note,
the chest is taken down a year after, when the friends
weep once more over the bones, and the red colour being
refreshed, the whole is consigned to everlasting obli-
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•mtnl vion. Should * party of Indiahs, engafed fn war or

1" V "' hunting, lose any of its nuinl)er, the body is elevated

on a siiiff'olil, and covered with logs of wood. The sur-

vivors return when the flesh is supposed to be consu-

med, and the bones thoroutfhly dried, and «arry them
home to be solemnly deposited. An author well ac-

I
quainted with their customs, observed " some Indians

return with the bones of nine of their people, who had

been two months before killed by the enemy. They
were tied in white deer skins separately, and when car*

ried by the door of one of the houses of their family,-

they were laid down opposite to it, till the female rela-

tions convened witli flowing hair, and wept over them
hah' an hour, and then buried them with their usual so«

lemnities." The Abipons, a nomadic South American
race, imme<liately strip the flesh from the bones of those

killed in a foreign country, and carry them to their pro-

per cemeteries. Dobrizhoffer, a German missionary,

relates, that he saw seven skeletons thus brought to a

village, and kept nine days in a hut previous to inter-

ment. The Pampas and Moluches, other South Ameri-
can tribes, and also the Serranos, entrust some of their

most distinguished women with removing the flesh from
the bones of the dead, and burying them until the re-

maining fibres decay, or with bleaching them in the sun.

While the work of dissection is going on, the Indians

walk round the tent covered with long mantles, their

faces bLickened, singing a mournful tune, and striking

the ground with their spears, to drive away the evil

spirits. This anxiety is shewn by different nations : in

beating on kettles, and most likely the ringing of bells

has originally had the same object. The bones being
prepared, are packed up in a hide, and conveyed on a fa-

vourite horse of the deceased to the cemetery of the fa-

mily, sometimes 800 miles distant. Being disposed in

tlieir natural order and tied together, they are clothed

with the deceased's best attire, and ornamented with
beads and feathers, which- are cleaned once a year. Dif-
ferent members of the family are thus placed in a sit-

ting posture in a pit or excavation, with their weapons
and other implements, and the pit is covered over. But
it is farther the office of some matron of the tribe to

open the pit every year, and to clean and clothe the ske-

letons. Irhe carcasses of horses killed on the occasion,

that the deceased may rido on them in the next world,

are placed around the -mouth of the pit, supported on
stakes,

iposure Among the Gabres or Parsees of India, the body is

the dead left exposed on the ground, and a dog enticed to take
animals some certain morsel out of the mouth, which, on being
P"?* accomplished, is deemed a favourable omen. But it is

otherwise should the animal refuse : and during this

period ol expectation, prayers are pronounced by the
priests. The body is then consigned to the sepulchre,

which is described to be " an object of the most dread-
ful and of the most hoiTid prospect in the world, and
much more frightful than a field of slaughtered men."
Bodies are seen in all different stages of decay, either
undergoing the decomposing process of nature, or bleed-
ing and mangled by the vultures surrounding the walls,

some of them so gorged with human flesh as almost to
be incapable of taking flight. A day or two after be-
ing deposited there, the relatives are said to examine
•which eye has been lost, and should it prove to be the
right one, a period of unexampled felicity is anticipa-
ted. See Gabrks.

It has been the general practice of most nations ofthe
globe, to bum or inter along with persons deceased

those tilings tliat were most useful or interesting to them Kunenl.
^

in life. The ruder tribea, as well as the more civilized, '^"'V"^^

have entertained an infinity of vague and contradictory

sentiments regarding the state of the sold af^cr death ;

some believing that it hovers long around the body

;

that it is immediately transferred to regions of bliss

;

that it has a long journey to accomplish ; or that it

subsists in an intermetliate condition, uncertain of re-

ward or punishment, until all mankind shall be judged.
Ancient nations of\en buried trea.»ures of great value
in the tomb of royal or opvdent persons. Thirteen hun-
dred years afler the decease of l.)avid, we read that a high
priest of .Jerusalem took three thousand talents from his

sepulchre, to bribe Antiochus to raise the siege of the
city. Now there are sometimes found in the tombs ofthe
ancient Tartars, whole sheets and plates of solid gold.

The Jukati of Siberia inclose provisions in the coffin. Sacrifices of
expressly " that the deceased may not hunger on the mankind

road to the dwelling of souls." His favourite riding """^ animals

horse is accoutred, and led to the place of interment ^ '^^ ie»^

along with a mare. Two holes are dug under a tree,

in one of which the deceased is deposited, and his horse
being killed is buried in the other, while the mare is also

killed,but isdevoured by the guests. Thearms, domestic
implements, and feminine articles of the deceased, have
been either interred in the same grave, or consumed on
the same funeral pile. But by a more barbarous custom,
as if tlie destruction of inanimate substances, or the pre-

servation of them for the use of the deceased, were alike

inadequate, the sacrifice of living animals, as we have
seen, and even of human beings, has been in general
practised. Slaves and captives were murdered at the
foot of the funeral pile of the ancients, and consumed by
the same fire that redueed the body to ashes ; and wives
were mercilessly put to death, that they might accom-
pany the souls of their husbands to those regions, which
were supposed ready to receive them. But so remark-
able and unnatural a ceremony in funeral rites demands
further illustration, especially as, instead of expiring

with the name of the Greeks and Romans, we find it

still existing at the present day.

Mankind, in the early stages of society, have inferred,

that a future state bears an intimate resemblance to their

condition in the world they inhabit ; that they have the
same necessities, and the same propensities and en-

joyments. Hence the horse is killed, and the slave

or the wife murdered, that their souls, transferred

along with his own, might contribute to the use of the
owner. By certain refinements, however, which can
only be discovere<l in the sanguinary disposition of man,
a sacrifice was deemed requisite, to appease the manes of
the dead; and in this mixed character, the shedding of
the blood of man and animals must be viewed. As the

sentiments of a nation changed, the actual immolation
ceased ; but, as happened among the Uomaxis, the com-
batsofgladiators at afuneral pileweresub.stituted,where-
in one or bothcommonly perished. And with theChinese

there is a figurative sacrifice, in the images of men and'
animals consumed at the time of the obsequies. Yet it is

not long since this was introduced; foran emperor ofthat

nation, whose reign terminated in 16'fil, ordere<l 30 per-

sons to be sacrificeil to the manes of a favourite queen,'

and directetl that her body, deposited in a valuable cofv'

fin, should be burnt, along with a prodigious quantity

of precious materials. Likewise, when an empress of ^"'^'''''T

the same people died in 1718, four youthful females, hep
""'"<*

attendants, pi-oposcdto sacrifice themselves on her tomb,

which the emperor her son, a wise and politic prince.
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Faneral. humanely prohibited. Sometimes the slaves and friends

'^"'^i''^^ of the ancients voluntarily sacrificed themselves on the

pile of the deceased ; and those wives, who were not

dragged to be murdered at the tomb, or by a horrible

solemnity buried alive in the same grave, sometimes pe-

rished by voluntary immolation. It is recorded in

history, that one of the earlier kings of Sweden hav-

ing, in the heat of battle, vowed to sacrifice him-
self in ten years to the gods, should they then propi-

tiate his cause ; his queen accidentally discovered the

fact, and, to anticipate the necessity of being buried

alive when the event should happen, separated from him
dui'ing life. Tlie northern nations believed in a kind
of elysium, or ethereal palace, where their resurrection

W"ould take place amidst their usual earthly enjoyments;
and slaves conceived, that admission would be denied
them, unless they accompanied their masters, whence a

contempt of death, unknown to posterity, was inspired.

Among the ancient Thracians, it appears that the favou-

rite wife was put to death by her nearest relations at the

tomb of her deceased husband, and interred along with
him ; and if he had more than one wife, a contest arose

for permission to offer this token of affection. Diodo-
rus the Sicilian relates, that about eight years subse-

quent to the death ofAlexander the Great, the two wives
of an Indian commander, who had fallen in battle, con-

tended for the honour ofbeingburnt along with hisbody;
a singular custom introduced, as Strabo affirms, from the

women of those climes being wont to become enamour-
ed of young men, and poison tlieir husbands. The el-

der being pregnant at the time, preference was given to

the younger, and preparations were made for the cere-

mony. The widow approached the pile, and divesting

herself of her numerous personal ornaments, as rings,

necklaces, and jewels among her hair, distributed them
as tokens of remembrance to her friends and attendants.

Having taken leave of all, she was placed by her own
brother on the pile, while the army of Eumenes, then
contending for the Macedonian empire, marched three

times solemnly around it with their arms. Meantime,
Vfithout betraying the smallest apprehension at the
crackling of the flames, she turned towards her hus-
band's body, and heroically closed her earthly career to
the great admiration of the spectators.

It is remarkable that now, after the lapse of thou-
sands of years, the most intimate coincidence is wit-

nessed in this voluntary sacrifice of the Hindoo females
on the funeral pile of their departed husbands ; we say
voluntary, but it can scarcely be called so, for although
there is no compulsion, it is not creditable to evade
it. When a Hindoo expires, it is of no importance
whether a person of rank or otherwise, his widow, if be-
longing to that particular cast, enforcing it, declares her
resolution to perish ; it not only entails credit on her me-
mory, but aids her husband in obtaining celestial privile-

ges. Attended by her friends and relatives, she approach-
es a consecrated spot, where a pile is erected by Bramins,
generally near a river, wherein she sometimes bathes.

No apprehension is ever betrayed by the youngest; she
walks with a firm step thrice around the pile ; mounts
it unassisted, and sits down by the body of the decea-
sed ; then taking off her personal ornaments, she dis-

tributes them, with great composure and precision, to
her female attendants, and gently reclining towards
her husband, draws a cloth over her face. Meantime
the Bramins perform certain ceremonies, and continue
building up the pile several feet above both the bodies:
they supply combustible subsUnces ; and pouring oil

upon it, the whole is kindled by the nearest relation. Fun

and blazes forth amidst the shouts of the multitude. ^~^

There are examples of the torch being applied by the

children of the widow while almost in infancy, and it

is thus that by common consent of nations the last of-

fices are committed to the nearest relative. Although
this horrible and barbarous custom is established a-

mong the Hindoos, it is unquestionably on the de-

cline, and, in those places to which Europeans have
common access, it is now of rare occurrence.

In other countries therearesanguinary scenes ofanatu-
logous description, practised to appease the manes of the

dead. Formerly, in North America, a number of wiveg
were strangled at once, with a single cord, on the de-

cease of a husband. In Kodiak, an island on the north-

west of that continent, when a chief is interred, some of
his most confidential labourers are sacrificed and bu-
ried along with him. In the kingdom of Assam, seve-

ral wives of a rajah or sovereign, a number of servants,

and a quantity of oil and provisions, were all wont to

be enclosed in the pit which received his body, and ei-

ther instantaneously destroyed, or left to die a lingering

death. In the island of Nukahiwa, ifa priest dies, three

human victims must immediately be offered up for the

repose of his soul ; and those who.^e province it is to

procure them, lie in ambush where the unsuspecting
natives resort in their canoes for food, and are soon ena-

bled to fulfil their bloody mission. Yet all this is incon-

siderable when compared with what are called the Cas-
toms, an annual ceremony in Dahomy, an African state.

There the king "waters the graves ofhis ancestors," with
the blood of victims in thousands ; pyramids ai-e abso-

lutelyconstructed ofhuman heads. Most of those unliap-

py beings are prisoners of war, who are mercilessly sa-

crificed. On the decease of the king himself, his wo-
men immediately begin to break and destroy every
thing around them, and then to massacre each other,

which continues until a successor is named, who takes

possession of the palace and interrupts the carnage.

On an occasion of this kind in 1774, 285 women pe-
rished, besides six said to have been buried alive with
the king; and more recently, in the year 1789, when
a king died, the number amounted to no less than 595.
There is still another waste of human life at the funeral

of some of the African and Australasian tribes. If a
mother dies while suckling her child, it is buried alive

in the same grave along with her. This, however, is

not to be viewed in the light of a sacrifice ; it originates

in a different principle, which seems to be that among
savages the care of their own children is all that they
can accomplish; the infant, therefore, is doomed to

destruction, from the belief that no female can be found
willing to preserve it. Modemexample therefore proves,

that we may safely credit what is recorded of the immo-
lation of human victims at the tomb or the funeral pile

of the ancients.

It seldom happens that the assistants at a funeral Festivals

«

simply dispose of the dead with the ceremonies now funerals,

alluded to, as a greater or lesser festival ahnost al-

ways follows. This has already been partly illustra-

ted. In our own country, we know tliat the obse-
quies of those, even in the most humble station, are
always attended with the distribution of bread and wine,
or less costly liquors. In some places it is preparatory
to a more ample feast, in such profusion, as to prove of
serious inconvenience to the successor : it lasts whole
days, and, as among savage nations, resembles a re-

joicing for the liberation of the deceased from his earthly
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' ''• H^nernent, more than a lamentation for his loss. Mirth
""^ anil merriment prevail ! and, in the Highlands of Scot-

lanil it has been carried to such an extent, that when
given before the funeral, where the successor always

presides, examples have occurred of tlie party set-

ting out for the place of interment, and leaving the

corpse behind them. This is identically the Si/icer-

num of the Komans, at which certiiin viands were
served up, or distributed to the people. In the

north of England, the cntertiiinment is called arvil,

and the bread employed anul bread—names of un-

certain etymology ; and, in Scotland, the subsequent

carousals are said to be drinking the dirge of the de-

ceased. The origin of those ceremonies is doubtful. A
feast wherein much lavishness and extravagance are dis-

played, is given by the Washington islanders, on wash-
ing and laying out the body ; and twelve months af-

terwards another, equally profuse, is given to thank the

gods for having permitted the deceased to arrive safe in

the other world. These throw considerable light on
tlie purpose of the entertainment, which is perhaps
jointly for oblation and commemoration. It is repeat-

ed successively for years by various nations ; by the

Tunquinese it is considered disgraceful to be sparing ;

and the South Americans, in pouring some of their first

made beverage yearly on the graves, drink to the good
health of the dead. The inhabitants of Thibet have an
annual festival in honour of the dead, which takes

place at night, and then innumerable lamps are lighted

lip, amidst the sound of mournful music. We shall ab-
stain from speaking of the festival of souls, said to have
been practised by certain American tribes, from being
ignorant whether it ie not entirely discontinued ; but
at intervals of ten or twelve years, the dead were dug
up, and carried on the backs of their relatives to their

huts, where great entertainments ensued ; after which,
they were, in like manner, replaced. The Greeks and
Romans performed the obsequies of the great with un-
common splendour : Races, games, and theatrical en-
tertainments, were all exhibited ; and at present, with
some Eastern nations, whde fleets and armies are put
in action, for the greater pomp, on the funeral of an
emperor.

In many countries, independent of the natural la-

mentations by the relatives of one deceased, it has been
customary to employ hired mourners, whose shrieks
and despair might enhance the display of grief. In
scripture, it is said, " wailing shall be in all the streets

:

and they shall say in all the high ways, alas ! alas ! and
they shall call the husbandman to mourning, and such
as are skilful in lamentation to wailing." At the mo-
dem funerals of the lower classes of Ireland, the wo-
men collect, and utter hideous outcries, emphatically
called the Hoolaloo, mixed with the praises of the dead,
and with the questions, " Why did he die } Had he
not a wife and family ? Had he not every thing he
could wish } Why did he leave this world .'" and the
like

:
a savage 'custom, characteristic of a barbarous

state of society.

A funeral hymn has been prevalent, as well as the
performance of music, at the obsequies of persons de-
ceased, as also an eulogium or oration upon them.
The funerals of the Greeks and Romans were attended
by the sounding of pipes, and sometimes of trumpets
and horns ; but the lyre, being consecrated to Apollo,
was prohibited; and a hymn, song, or dirge, called
Na:nia, was sung by girls or adults. The singing of
psalms at modem funerals is part of these customs pre-

served ; and a solcnm requiem takes place among Ro- Funera/.

man Catholics for the repose of the soul. Frequently '^^'y^^

the most celebrated composers are entrusted with the
composition of this piece of music ; and it has been
said of Mozart, that the requiem he composed for a
German prince was first performed for himself. A
musical solemnity sometimes attends the funeral of
celebrated musicians, as of Rameau in Paris in the
year 1761-; and there was a commemoration of Han-
del in 1786, in Westminster Abbey, 27 years after his

decease. The music composed or performed on these
occasions in more humble life, is called a dirge or la-

ment, as in the Highlands of Scotland, ; and there is

yet known a lament composed and performed by some
freebooter for himself, while leading to the gallows.
Solemn music is an invariable concomitant of military
funerals ; that of our officers being attended by a full

band, and that of a private soldier by fifes and drums.
But in marching from the place of interment, a lively

air always succeeds the mournful tune.

A number of minor ceremonies preceding interment, . Puneral
are in use in different countries, and in different dis- bynin or
tricts of the same country. Of this number are ring- dirge,

ing the passing bell for a person expiring—wakes or
watching with the dead, often rendered a scene of the
grossest debauchery—placing a platter of salt on the
corpse, or candles around it, and the like. Sometimes
it is the custom to have funerals by day, sometimes
by night. Tlie colour of the fringes of the pall, and Ceremonies-
the gloves worn by mourners in Britain, denote that in Britamt-

the deceased was unmarried if white; and it was
lately the custom of some parts of England, for six

maidens to bear the pall of a young man, and six

youths to bear that of a young woman. In Wales,
the graves of the deceased are adorned with flowers :

The white rose always decorates that of a virgin : Those
of persons distinguished by piety and benevolence are
planted with red roses. The road to the grave of un-
married persons is also strewed with evergreens and
sweet-scented flowers. In Scotland, the body is lower- •

ed into the grave by the nearest relatives ; no funeral
service is performed, and but rarely a funeral sermon
on the subsequent Sabbath, in commemoration of the-
virtues of the deceased. Suicides are denied the right
of interment in consecrated ground ; and infants dying
before baptism, are interred on its confines. But these-

rules are not strictly enforced.

Commission of suicide has generally been viewed as
a criminal act : By the usages of Britain, the bodj
should be buried in the highway, and a stake driven
through it ; of which recent examples are to be found.
In the later periods of the Jewish history, when de-
spair prompted the miserable objects of conquest to
self-destruction, their leaders endeavoured to avert
their intentions, by representing the ignominy to which
their bodies would be exposed, by the privation ofsepul-
ture. The Fantees, a modern African tribe, testify
their abhorrence of the deed, by refusing to pay the ac-
customed rites to the bodies of suicides.

A great variety of customs has been practised
among nations, in respect to the remembrance of the
dead. By some, the ashes have been scattered in the
air, and all memorials of them consigned to oblivion.

By the Abipons of South America, every thing that
may recal the image of a person deceased is destroyed

;

his cattle are killed, all his implements burnt, and his

hut is overthrown ; his wife and family migrate else-

where, and his name never is again repeated. The
3
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Knisteneaux of North America destroy all that be-
long to him ; and the Chipewyans never employ what
has served for his use.

Mourning is a ceremonial also much diversified by
the custom of nations. In general, it is more rigid on
the widow of the deceased, than on the rest of his re-

latives. The Theodosian code adjudged a woman to be
infamous who married ten months or a year from the

decease of her husband. In Britain, it is rather under-

stood that second nuptials should not take place within

a year ; and the period of mourning extends to two.

The women of some North American tribes must live

thi'ee or even four years in a state of widowhood: and in

eastern countries, the eldest son cannot marry dimngthe
time of mourning for a parent, which is two years ; and
he should all the while sleep along with the rest on mat-
tresses, not in beds, and subsist on very simple fare.

Wearing particular colours, as white, black, or purple,

is emblematic of mourning in different countries ; and
shaving the hair close is a particular mode of testifying

grief for one deceased. But sometimes only half the

head is shaved; or the hair, if generally worn long^ is

simply shortened. A more decided mark of sorrow

consists In severe lacerations of the persons of the sur-

vivors, their faces are disfigured, they slash their limbs

with knives, or sharp-pointed bones ; and some, to shew
a more indelible testimony of affection, are successively

deprived of a joint of one of their fingers for every re-

lation whom they lose. See Herodotus, hb. iv. Sirabo,

lib. XV. Dionysius H<dicarnassus, lib. xi. Nicolaus Da-
mascenus Ajiud Excerpta Valerii, p. 520. Nicolaus Dc
luctu Graecorum. Kirchmannus Defuneribus RomanO'
rum. Gutherius Dejare Manium. Porcacchi^Dei Fu-
ncrali deWAtilichi. Moresinus Papains seu depravatas

Religinnis origo et Incremenlum. UgoHnus Thesaurus

mitkjnilatum sacrarum. Roman's Natural History of
Florida, (c)

FUNFKIRCEN, or Five Churches, is the name of

a town in Hungary, situated in a fertile country be-

tween the Drave and the Danube. It is principally

celebrated for its university, which was founded by
Louis I. and which was at one time attended by about

2000 students. It was ruined, however, by the cap-

ture of the place by the Turks. Population about

12,000. East Long. IS" W, North Lat. 46<> 61'. (to)

Funeral.

FUNGI.

Fungi.

Character of

the Fungi.

X HE most conspicuous of the plants to which we
propose to direct the attention of the reader in this

article, are, in general termed by the English Mush'
rooms or Toad-stools, and by the Scots Paddock-stools.

By the Greeks they were called MuxbIs? ; and they

are now known to botanists under the general ap-

pellation of Fungi, a term sufficiently expressive of

tlieir soft, spongy, coriaceous texture. They consti-

tute the first link of the great chain of vegetable life,

and serve to connect organised bodies with inorga-

nic matter. In simplicity of form and structure, they

diflier widely from the other vegetable tribes, as they

present neither leaves nor flowers. Destined to spring

up in the midst of corruption, and to draw their nourish-

ment from putrefaction, the fastidious obsen'cr turns

from them with disgust ; and the true naturalist, while

aware of their importance in the scale of being, finding

them too perishable in their nature to be easily preserved

in his cabinet, too capricious in their growth to be culti-

vated in his garden, and too sportive in their forms to

be successfully delineated with his pencil, leaves them
with regret to rot on the dunghill and to wither in the

•wood. Hence they are fancifully characterised by Lin-

Baeus as Nomades, antumnales, barbari, denudati, putri'

di, voraces. Hi flora reducente plantas hyematwn, le-

gtmt, relictas earum quisquilias sordesque.

The botanists of the first age, such as Theophrastus,

Dioscorides, and Pliny, attributed the origin of mush-
rooms to a certain viscosity arising from putrefying ve-

getables. This notion very generally prevailed, until

the immortal Harvey unfolded his second grand disco-

very, omne animal ex ovo. After this period, the ger-

mination of plants was investigated with greater care,

and many able botanists applied themselves to tlie eluci-

dation of the obscure physiology of the fungi. Clusius

had long before maintained that mushrooms spring from
seeds ; but it was reserved for Boccone, Mentzel, and
Toumefort, to establish the truth of the assertion.

These eminent botanists were soon followed in the same
trackby Battarra, Michel i, Dillenius, Gleditsch, Linnseus,

and Hedwig ; and more recently by Bulliard and Per-

soon. It is now demonstrated that mushrooms are as

regularly organised vegetables as the phenogamous
plants; that they consist of fibres, vessels, and roots;

that they have peciUiar organs appropriated for the pro-
duction of the seeds ; and that witliout these seeds, no
regeneration can take place. In short, they spring up,
flourish, and decay, like other organised beings, after

having transmitted the principles of that vitality which
they possess, to a new race, exactly similar to them-
selves.

In order to obtain the see<ls of mu.shrooms, it is in Seeds

general only necessary to place them in a fresh state up-
on a plate of glass, the surface of which will soon be co-

piously covered with them. These seeds differ widely, like
other vegetables, as to si^e, shape, and colour, and still

more as to situation, insertion, and number. Some can
easily be seen by the miked eye, while others can with
difficulty be detected by the highest magnifiers. These
seeds are many of them so light as to be dispersed

through the air, from whence they are precipitated upon
the ground and upon plants by rain and snow. They
seem in fact to be everywhere. They are the constant

attendants on decaying vegetable and animal matter.

Is an apple rotting in a damp place, it is speedily co-
vered with a miicor, sending forth its slender diverging
stems, and forming a glory round it? Is even the
dead hoof of a horse exposed for any time to the wea-
ther, it also will become covered with a fungus peculiar
to itself.? These plants cover the damp walls of cellars

and caves, and seem formed to flourisli in those places
which are unfit for the support of the more perfect ve-
getables. If we take these circumstances in connection
with the infinite multitude of animalculse, which seem
equally profusely distributed, we will be irresistibly led

to the conclusion^ that the earth itself is a mere re-

Fungi
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fungi, ceptacle of germs, each of which fs ready to expand in-

"^r™^ to vejfctable or animal forms, upon the occurrence of

circumstances favourable for it» tlevelopement. In the

early stages of the eartli's existence, the germs of a

few zoopliytcs only were imfolded, afterwards those

of the testaceous mollusca expandetl, and finally those

of the mammifcrous animals. In the course of these

changes, one generation succeeded anotlier, but the

generation which followed was not the unaltered pro-

geny of the preceding. The zoophytes of the first

period differ from those of the last ; no living proofs of

their existence remain, their memorials onl}- are to be

found imbedded in the solid rocks. It has happened
to plants as to animals. At first the germs of tlie Ali-

ces and the palms expanded into leaves ; and finally

the surface of the earth became covered with the sta-

.meniferous vegetables. Rut the ferns of the first p<'riod

no longer exist; the circumstances which favoured their

growth are no more ; and their place is occupied by
other ferns, tlic germs of which have expainled un-

der a new arrangement. In this survey, tlie mind is

astonished when it considers the infinite number of

those germs, prevented by the absence of favourable

circumstances from ever expanding into maturity. Here
the followers of Harvey are bewildered; and here the

theory of equivocal generation, which suggested itself

to the inha'bitants of the banks of the Nile, and to

which Aristotle gave form and currency, seems calcu-

lated to soothe a reflecting and philosophical mind.
The history of the earth countenances such a theory,

and the phenomena of the ixiineral kingdom yields it

many powerful analogies, we had ahnost said direct

proofs. It does not consider the generation of plants

as the result of chance, any more than philosophers do
the production of lightning, of rain, or of snow. All

result from those laws which Omnipotence has imposed
.on the material ami intellectual world.

Those grains wliich are considered as the seeds of
mushrooms, are by some supposed to be merely buds
or germs. This opinion, which was first proposed by
Gaertner, and since tliat time maintained by many able

botanists, is considered as supported by the analogy of
the zoophytes. To us this seems to be a mere dispute

about words. It is unwan-antable to expect a close re-

semblance between the seeds of mushrooms and the
seeds of stameniferous plants when they differ so wide-
ly in their general form. The seeds of the former may,
for aught we know, resemble the parent plant in mi-
niature ; and by the simple enlargement of their parts,

without the production of any new organs, arrive at

maturity. But experiments are still wanting to deter-

mine this point.

-lua- If the examination of the mode of growth of the
fungi be involved in such obscurity, in what condition
may we expect to find their systematic classification .''

In the system of Liimjeus, they constitute the last or-

der of the class Crj'ptogamia ; and were distributed by
him into the following genera: Agaricus, Boletus,
Hydnum, Phallus, Clathrus, Helvella, Peziza, Clavaria,

T.ycojierdon.and Mucor. Since his days, the species have
been investigated with great care, and many curious
facts in their history have been ascertained ; yet still they
have not obtained from botanists that attention to which
they seem entitled, on account of the curious forms
which they exhibit, the substances which enter into
their composition, and the economical uses to which
they have been applied. In this department of botany,

vox,. X. PART I.

no one is deserving of higher praise than M. Bulliard. t Pungi.

Tliis author has contributed, more perhaps than any ^'"'Y"™
other, to the illustration of this intricate tribe, in his

work entitle<l. Champignons de la France. This work,
besides containing accurate descriptions of the different

fungi of France, exhibits at the same time faithful de-
lineations of their form, in the same rank we must
place the British Fungi of Mr Sowerby, the most splen- *

did botanical publication which has appeared, m refe«

rence to our native plants. But here we must observe,
that although the figures are aihnirable, the accompa-
nying descriptions are extremely imperfect. This de-
ficiency, however, we trust, will soon be amply supplied
by the learned President of the Linna:an Society, in the
fourth volume of that classical work, the Flora Britan-
ttica, which for the space of ten years has been anxious-
ly wished for by the British botanist. But it is to Fer-
soon that the world is indebted for the most judicious
and systematic arrangement of the Fungi. It was ne-
cessary to take a comprehensive view of this tribe of
plants as a whole, to overlook the old genera, and to
form anew the various species into natural grou])s or
genera, characterised by permanent differences in habit,
form, and structure. This task Persoon ))us in a great
measure accomplished, and has published the result of
his labours, in two works entitled, Tenlamen Disposi^
tionis Melhodicw Fungorum, and Observationes Mycolo-
gica-.

In the Natural Method of Jussieu, the J'unei form
one of the orders of the acotyledonous division of
plants. They do not admit of generic arrangement ac-
cording to the parts of fructification, so conveniently as

the phenogamous plants, yet still the position of the
seed-vessel furnishes the means of the more general
classification ; while their fonn, colour, and consistence,
aid us in the discrimination of the species. By Per-
soon they are divided into two great tribes, according
as the capsule is situated on the outside or in the inte-

rior of the plant.

The Gymnocarpi have their capsules or seed-vessels

situated on the external surface. In form as well as in
structure, the plants of this tribe present very remark-
able differences, and even the parts destined for tlie

production of the seed, exhibit very various appear-
ances. These differences, howevei-, are not without
their use, as they enable us to combine the v:u-ious ge-
nera under different families, and thus assist the stu-

dent, by diminishing the labour of investigation. This
tribe is accordingly dividetl into five families, and con-
tains twenty-one genera.

The Angiocari'i have the capsule placed internally;

and in some it is contained in a receptacle which is clo-

sed on all sides, at least in the young stages of the
plant. To this receptacle Persoon has given tlie name
oi peridium. This tribe is divided into four families,

and includes twenty-five genera.
We now propose to consider more minutely these

various genera, and to explain the characters upon
which their existence depencls. That their number will

suqirise the Linna?an student accustomed to refer to
Hudson, Withering, and Lighttbot, we are prepared to
expect; but we request his attention to the following
circumstances. Accurate observers of nature are be-
come numerous; botanists are now in possession of more
powerful instruments, and better methods of analysis

;

and their studies are greatly facilitated by accurate re-

presentations. Hence it is that new species are daily

brought to light; the history of old species elucidated :
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Vungi. and new genera formed by almost every observer, in

'""^'Y''**' consequence of the discovery of new relations. The for-

mation of new genera, is the necessary consequence of

the enlargement of the science. Linnceus was not ac-

quainted with an hundred species of fungi ; now, their

number has increased more than ten-fold. To us there-

fore the Linnaean genera have become useless. They
mark the former state of the science, and they have
contributed their share to the advancement of the study;

our systems and our genera, must, in like manner, yield

to the mere extensive and accurate information of fu-

ture observers. While we approve of the formation of

new genera, therefore, where the state of the subject

demands it, we condemn that zeal so conspicuously dis-

played by some, in the frittering down of the old gene-
ra into as many new ones almost as there are species.

Such naturalists mistake the object and the end of these

subdivisions, imprudently attempt to pass beyond the

bounds which limit the present state of the science, and
endeavour to anticipate those changes which other dis-

coveries and more enlarged views will render necessar}'.

In this account of the genera, we have confined our-
selves to those which are sanctioned by high authority.

These are principally derived from the works of French
naturalists, who, unrestrained by the fastidious reserve

of the British character, and possessed of more ample
means through national munificence, have of late con-
tributed materially to the enlargement of systematic
botany and zoology. The description of one species at

least will be subjoined to each genus, together with a
reference to those works where faithful representations
of them may be found.

TRIBE I. GYMNOCARPI.

Family I. Composed of Filaments.

1, Brsscs. Genus I. Byssus. The plants which are now re-
ferred to this genus, exhibit the appearance of fine

down or velvet, and consist of smdl filaments, which
are simple, branched, anastamosing, or interwoven.
They occur of various colours, as white, yellow, red, or
brown. Almost all the species included in the first

section of the genus Byssus of Linnaeus still remain un-
der this title.

As an example of tliis genus, we may mention the
Bysius Candida, (Dill. Muse. tab. 1. fig. 15. A.) Its sub-
stance is tender, woolly, of a wliite colour, and closely
pressed to tlie substance on which it grows. From its

broad and mucilaginous base arise many slender liranch-
cs, spreading more in breadth than height, elegantly
subdivided, the extremities ending in capillary fibres
variously branched, or in a thin expanded surface like
fine paper. It grows upon dead leaves and rotten wood.
It is the Himantia Candida of Persoon.

Every person must have observed in the beginning
of summer a greenish scum, floating on the surface of
hmall ponds, rendering the water greenish, turbid, and
iiardly drinkable. This subsUnce was considered by
Linnaus as belonging to the present genus ; bivt sub-
sequent naturalists have referred it to the genus Con-
ferva. Be that as it may, it often proves a great nui-
sance in wells ; and the discovery of any method of
destroying it must necessarily be acceptable. In the
sprmgof 1815, when the workmen were engaged in
the erection of the new light-house on the Isle of May,
under the mspection of that eminent engineer Robert
Stevenson, Esq. they were much ijict>nunotied by the

appearance of this substance on all the wells and pools Fungi
of the island. Quicklime in considerable quantity was """"Y"**
thrown into the wells, without retarding or destroying
the growth of this vegetable. At last the wells were
enclosed with walls sufficiently high to exclude the
light from the water, and this contrivance fortunately
succeeded in the extermination of a plant which at one
time threatened to prove a very serious evil.

Genus II. Monilia. The plants of this genus are 2. Mosi-
composed of slender stalks, which are either simple or lia.
branched, and resemble the filaments of the preceding
genus. These stalks bear on their summits small arti-

culated threads composed of spherical globules, which
separate when the plant grows ripe. The species of this
genus bear a very near resemblance to those included in
the genus Mucor ; but their naked capsules, joined to
the want of a vesicular peridium, forbid such a union
as the incorporation of the two genera.

Monilia glauca, (Mich. gen. 212. t. 91. f. 1.) This
is the Mucor glaucus of Linnaeus. Its stalks are white,
simple, and slender ; the capsules are agglutinated, the
one before the other, in diverging lines, representing
little tufts of feathers, of a spherical form. The cap-
sules are round and diaphanous; white at first, but
turning green as the plant reaches maturity, at which
period they separate from one another. This plant
grows in tufts, and sometimes scattered, on fruits
which are in a putrefying state. Another species of
this genus, Monilia digitata, the Mucor crustaceus of
Linnieus, is found on corrupting meat, but it differs

from the preceding in having the seeds disposed in an
umbel.
Genus III. Bothytis. In this genus, the stalks are 3. Botb*

straight and branched, bearing upon their summits na- tis.
ked capsules, in a head, or in clusters, the one not ag-
glutinated to the summit of the other. They closely
resemble the genera Maniha, Mucor, and JEgerha.
They possess an evanescent existence. They aye dis-
tributed into two sections, the first comprehending
those with upright branched fibres, and the second those
which form a sort of bed from which the upright stalks
proceed.

Bolrytis Irgnifraga. Sowerby, tab. 378. fig. 1 4. may
be mentioned as an example of the first. It grows up-
on the bark of trees, but esj^cially on the birch, im-
bedded in the external layers of the bark, piercing the
epidermis, and forming on the outside small tubercular
masses. These are at first white, and resemble cotton

;

but they afterwards change to a deep green, and l)ecome
powdery. The stalks are slender, crowded, upright,
and interwoven. The capsules are rounded, and very
small. Mr Sowerby considers this species and Monilia
glauca as varieties of the same plant, and as constituting
the much-esteemed blue mould in rotten cheese.

Bolrylis rosea may be given as an example of the
second section. It is the Mucor roseus of Sowerby,
Tab. 178. fig. 11. This forms small knobs, which are
at first white, round, and of a hairy aspect ; afterwards
they lengthen out, become of a vermilion colour, and
emit a reddish powder: the base consists of strong,
straight fibres, from which proceed, at right angles, up-
right, simple, slender stalks, bearing at their summits
from two to five oval capsules. It grows chiefly on the
bark of trees, especially the Alder, also on the decayed
kernel of nuts and on rotten wood. When growing
upon trees, this plant usually appears at the opening of
the glands, or near the place where some insect has
made a puncture.

Genus IV. Aegebita. To the naked eye, the plants
4. Ae>
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Rif-
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Wp^ of tliis prenus present nothing but a tubercle or convex
•**' crust ; under the microscope, however, they exhibit a

number of separate splierical capsules, attached to

branched and extremely slender fibres, which form the

base. They rtscmble the plants of the preceding ge-

nera in fonn, but their aspect is glabrous and fleshy, the

others being hairy or fibrous.

Avscrila nurantia, the Mucor aurantius of Withering.

Bulliard's Champ, p. 103. tab. 501.. fig. .5. The fila-

ments are slender, branched and creeping, supporting

without order minute rounded seeds. This plant forms

little plates of a golden yellow colour on the bark of

decayed wootl, the hoops of casks, and the corks of bot-

tles.

CoNO- Genus V. Co>fopLEA. This genus contains plants,

LSA. which are composed of branched filaments, resembling

the Byssi, bearing, here and there, the capsules, whicii

are nearly globular, and easily detached like powder.

Conoplea pticcinioides. This species grows on the

dead leaves of the carices, forming very minute black

tubercles, which are easily destroyed. These, when
examined with a microscope, are found to be composed
of branched pellucid filaments, bearing upon their

whole surface, opake, angular globules, which are large

when compared with the size of the stalk.

Genus VI. Erineum. This genus consists of tubes,

frequently cylindrical, and truncated at the summit.

They grow in numerous groups on the leaves of living

plants. It is not as yet ascertained whether the cap-

stiles are internal or external.

Erineum vilis. This plant grows on the inferior sur-

face of the leaves of the vine, where it forms numerous
irregular patches of a red, »or rather of a rust colour.

Under the microscope, it appears to be composed of a

multitude of simple, crisped, cylindrical tubes, trunca-

ted at the summit.
Genus VII. Stilbum. In consistence this genus

resembles the Mucor, but is somewhat firmer. The
stem supports a rounded head, which is solid ; at first

watery or gelatinous, afterwards compact and opake ;

and which, according to Tode, bears the seeds at the

external surface.

Stilbum ristidum. Pers. Syn. 680. The stem of this

plant is stiflf, cylindrical, permanent, and of a black

colour. The head is globular, at first watery, of a white

colour, or slightly yellow ; it afterwards becomes grey,

and separates from the stem at maturity. It is found

on rotten wood in the spring.

Family II. Fungi which do not decajf into a pulp,

and in xuhich thefertile surface is united or continuous.

Genus VIII. Helotium. The plants included in

this genus have a regularly convex pileus, or cap, sup-

ported on a stalk, and smooth on both sides. The cap-

sules are produced on the upper surface, and are dispo-

sed in the same manner as in the following genus.

Helotium agariciformis. Helvella agariciformis of
Withering. Sower, tab. 57. The stem is cylindrical,

about the thickness of a pin ; the cap is thin and he-
mispherical, with a regularly rounded margin. The
whole plant is very small, of a white colour, and re-

sembles an Agaric in its appearance. It is found on
rotten wood in moist and shaded places.

IPeziza. Genus IX. Peziza. The Fezizae consist of a cup-
shaped receptacle, either concave or hemispherical

;

the superior surface is smooth, and the seeds which it

bears escape in the form of a fine powder. According
to Hedwig, the seeds are contained in membranaceous

capsules, each of which contains in general eight seeds. Fuoki.

These fungi vary very much in their general appearance. '-"
i

-

.Some are supported on footstalks, while others are des-

titute of them. They live upon the ground, on rotten

wood, and even in water. As to substance, they are

either coriaceous, fleshy, or waxy ; characters which
serve to distribute the species of the genus into the

three following sections.

Sect. 1. Coriaceous, Peziza coriacea. Bull. p. 258.
tab. 438. fig. 1. This plant is glabrous and ash-colour^

ed, the skin is thick and coriaceous, the inferior part

pro<luced into a slender stem contracted at the base.

Above it is salver-shaped, ferruginous towards the cen-
tre, and plentifully covered with a grey powder. It

is found on tlie dung of the stag, the horse, and the
ass.

Sect. 2. Fleshy. Peziza frucligena. Sower, tab.

117. This species is about half an inch in height, with
a slender stalk tapering downwards. The upper part

is more or less concave, opake, leathery, and fleshy. It

is often foimd on coriaceous fruits, and, after Withering,

we have found it in clusters on rotten sticks.

Sect. S. JVaxi/. Peziza acetabulum. Sower, tab.

59. This is among the largest of the genus. The
stalk is woody, short, and brown, branching up the

base of the cap. The cap is upwards of two inches in

diameter, and at first bell-shaped ; afterwards it becomes
more shallow, waved at the edges, reddish brown with-

in, and paler without. It is found on rotten wood, and
also on the ground.

Genus X. Tremella. The Tremellac consist of a 10. Trt.-

gelatinous substance of various forms, containing the meila.

seeds scattered over their surface. Tiie genus Tremel-
la of Linnaeus has undergone a considerable revolution.

The green coloured species inclosing a gelatinous mass,

containing filaments, now rank with the Alg^ in the

genus iV«/«/ocA of Vaucher ; others are inserted among
the Aegeritce, and a few will be found with the GifmnO'
sporangia.

Tremella amethystea. Bull. tab. 499. fig- 5. The
substance of this species is gelatinous, and divided at

the base into variously shaped lobes ; the colbiir is pur-

ple, more or less deep ; the surface glabrous, often fur-

rowed. It is only found on rotten wood.
Genus XI. Helvella. The fungi of this genus are 11. Het.

furnished with a stem, terminated by an irregular cap, vella.

smooth on both sides, , and throwing out the seeds at

the inferior surfaces only. In appearance they resemble
the Merulii, but the want of veins or gills beneath,

form a sufficient mark of distinction.

Helvella mitra. Sower, tab. 39. The stalk is two
or three inches high, a finger thick or more, irregular,

hollow, deeply furrowed, often full of holes, or sinuses,

and generally of a white colour. The cap is deflexed,

and commonly divided into curled or folded lobes,

which adhere to the stalk, but is extremely irregular

and variable, and has neither gills nor pores. Its co-

lour is generally a yellowish white, sometimes f\iscous,

livid, or black purple; the substance is waxlike and fri-

able, the surface sotl like sattin. The seeds are oval,

and are thrown out by sudden jerks.

Genus XII. Spathularia. This genus contains i2. Spa-

such fungi as possess a stalk, with a cap, compressed thula-

vertically on each side of the stem. They make the *'*•

nearest approach to the Clavarias.

Spathularia flavida. Helvella .spathula of Sower, tab.

'S5. This plant is of a yellowish colour ; the stalk is

cylindrical, wrinkled, and corapreseed towards the top,
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13. Clava.
I^IA.

It. The-
lEMIOBA.

which bears a vertical cap, obtuse at the simnmit, and

produced on each side of the sulk. Hence it resembles

a spathula. It is found in autumn in pine groves.

When in perfection, if the heads are touched, a smoke

arises from the edges, which is thrown out with con-

siderable force, and continues to rise for some time,

glittering in the sun like particles of silver.

Genus XIII. Clavaria. The fungi of this genus

consist of simple or branched expansions, generally

fleshy, sometimes coriaceous, destitute of a cap, and

emitting the seeds from all parts of the surface. They
are, in general, club-shaped, and have been divided by

Persoon into several genera. The present genus ex-

cludes those Linnaean species which are known to pos-

sess distinct receptacles for the seed.

Sect. 1. Fleshy, simple. Clavaria pistillaris. Sower,

tab. 237. This is the largest and thickest species of the

genus. It is from one to two inches high, simple, gla-

brous, and club-shaped. The skin is very close and fi-

lamentous at the summit, which is at first rounded, and
afterwards parts lengthwise into fungous threads. It

grows upon the gi-ound and among moss, is of a yellow

or straw colour, and of a friable substance like suet.

Sect. 2. Fleshy, branched. Clavaria coralloides.

Sower, tab. 278. This plant is brittle and plump, sim-

ple, or in two or three divisions, each of these subdivi-

ded into a number of smaller branches, like some spe-

cies of coral. These branches are round, or slightly

compressed, and often waved at the edges. The co-

lour is in general yellowish, rarely reddish, sometimes
white. The flesh, or internal substance, is white. It

grows upon the ground, and is subject to great varia-

tion in form and colour. It is admitted to the table,

and esteemed one of the best of the esculent fungi.

Sect. 3. Coriaceous, simple. Clavaria ophioglossoides.

Sower, tab. 83. This plant is readily distinguished

by the blackness of its colour, and sotbiess to the touch.

It is about two inches high, and half an inch over at the

broadest part. The stalk is club-shaped at the summit,
sometimes divided into two parts, generally grooved,

and often twisted. The surface is glabrous, and cover-

ed with a very fine black powder. It is white within,

and hollow when old. It grows upon the ground in

moist situations.

Sect. 4. Coriaceous, branched. Clavaria laciniata.

Sower, tab. 158. This forms at first a shapeless crust,

which, as it grows old, divides into flat expanded
branches, jagged at the ends. It varies much in its

appearance. Its colour is white or grey, but the ex-
tremities of the branches are often tipt with reddish
brown. The substance is solid and tough. It gi-ows
upon the ground.
Genus XIV. Thelephora. The Thelephorae pos-

sess a coriaceous cap, of an irregular form, sessile, and
adhering to other bodies by the side or the back ; the
outer surface is smooth, or covered with a few papilla^,

and bears the seeds. They are found attached to the
stems of trees, by their barren surface ; afterwai-ds they
lose in jjart their attachment, and become horizontal,
thus placing the fertile surface beneath. They constitute
several very well marked and natural sections.

Sect. 1
.
Cap entire, funnel-shaped, adherin;x Ml If'^

centre. Thelephora caryophyllea, Aiiricidaria caryoph.
Sower, tab. 213. This plant is fleshy, thick, and soft.

The upper surface is beautifully zoned ; the under
side is smooth and waved, and covered with globules
disposed in fours, which are visible with a microscope.
It is sometimes simple, at other times divided into

many parts, covering each other like the tiles ofa house. Fungi.

The margin is frequently torn. In some cases it ad-
'*"^'^~

heres by the side, and in others appears to be furnish-

ed with a short peduncle. It varies greatly in colour,

through different shades of brown. It is annual, and
grows upon the ground, and upon putrid wood.

Sect. 2. Cap semicircular and attached by the lrun.t

cated side. Thelephora reftcxa. Sower, tab. 27. This
is a very common plant, growing on decayed trees,

pales, and gates. The upper surface is zoned and hairy

;

the under surface close, and sometimes variegated.

In colour and shape it is subject to much variation. The
substance, when young, must be gelatinous, as it is of-

ten pierced by blades of grass, but when old it is

tough and coriaceous. The under surface has always
a reddish hue.

. Sect. 3. Cap attached by the barren surface. Theh'
phora papyrina. Sower, tab. 349. This is slender, soft

zoned, and hairy above. The inferior surface is at first

united, afterwards it is zoned and pitted with pores of
various sizes. The prevailing colour is yellow or red.

It grows on the trunks of trees.

Genus XV. Hvdnum. The inferior surface, and 15. Hyb-
sometimes the superior, of this fungus, is hedge-hogged, num.
with awl-shaped substances, pointing to the earth.

These prickles are soft, solid, cylindrical or conical,

emitting seeds from near their extremities. The plants

are either fleshy or coriaceous, and grow upon the
ground or upon the trunks of trees.

Sect. 1. Without a distinct cap, branched. Hydmtn
coralloides. Sower, tab. 252. This is the largest spe-

cies of the genus. It is sessile, at first white, and af-

terwards yellow. The base, which is fleshy and brittle,

sends out a number of branches, whose under surface is

beset with prickles. The last divisions of the branches
form imbricated bushes, each bearing a tuft of long,

awl-shaped, crooked and parallel prickles. When young
it is very like a cauliflower. It grows upon dead
stumps and aged trees.

Sect. 2. Without a distinct cap, base spreading on the

trunks oftrees. Hydnum barba Jovis. Sower, tab. 328.
This fungus is coriaceous, sessile, membranaceous, and
applied to tlie substance upon which it grows by all the

points of its superior surface. When young, it is of a
white colour, becoming afterwards of a yellowish red.

The inferior surface is covered with numerous white

simple mammellar protuberances ; from the summit of

these, yellow simple or branched filaments proceed ;

and in the latter stage of the plant, others are protru-

ded, which are of an orange colour, and covered with

hairy spiculse.

Sect. 3. Pilcus distinct, prickles cylindrical or coiti-

cal. Hydnum auriscalpum. Sower, tab. 267. This
plant is coriaceous, tan-coloured at first, afterwards be-

coming of a dark brown. The stalk is thick, short and
solid, supporting a rounded, zoned, and sometimes

downy cap, which is at first vaulted and smooth above;

afterwards the cap becomes funnel-shaped, and the in-

ferior surface studded with small cylindrical prickles.

It grows upon old rotten cones, and decayed branches

of the fir tree, lying half buried in the ground.

Sect, 4. Cap more or less distinct, prickles lamellar.

Hydnum sublamellosum. Sower, tab. 112. This Hyd-
num is tender, white, and furnished with a short, solid,

cylindrical stem. The cap is very thick, and the

prickles are formed into small straight plates, variously

waved,
groups.

It grows on the ground, either singly or in
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1 iingi. Family III. Fungi having the ferlUe surface fur-
nished with lubes.

Genus XVI. Fistulina. Cap with separate tubes

umlerncath, containing the seetls. The plants now in-

chuled in this genus were formerly ranketl with the Bo-

leti, from which they seem sufticiently distinct.

Fistulina hepatica. Sower, tab. 5S. Tin's plant is

ver)' plentiful in autumn among oak trees, growing on

their trunks or spreading roots. Its vegetation is most

rapid in wet weather. When very young, it resembles

II strawberry ; and, advancing in growth, it becomes
hispid, with tubular protuberances, shaped like florets.

By degrees it acqiiires a distinct underside of a pale

yellow, with similar protuberances, and as these l)e-

come more distinct, the upper ones lose their form.

At length the under surface becomes covered with dis-

tinct and separate tubes, entire at their orifice, turning

brown, and emitting seeds at their edges, which often

hang in festoons, or little cobwebs formed by spiders.

The fungus afterwards either rots, or turns black in

decay. It varies in shape and size, but commonly re-

sembles liver, being saturated with a blood-coloured

fluid, which adds to the resemblance. Its taste is like

that of the common mushroom, and some persons reck-

on it nearly as good.

Genus XVII. Boletus. In this genus the cap has

tubes underneiith. which are united, and contain the

seeds. It is indispen«ibly necessary, in so extensive a
genus as this, to subdivide the species into sections.

Linnaeus was acquainted with but few species of Bole-

tus, and was satisfied with distributing them into two
sections, the first containing such as are parasitical and
destitute of a stem, and such as are furnished with a

stem. In the Floic Francnise, they are divided into

four sections ; the first comprehending the Fistulina'

;

the second such as have an imperfect cap, with tlie

tubes scattered over different parts of the plant ; the

third, with the tubes united together, and inseparable

from the flesh of the pileus, is subdivided into those

without stems, those witli lateral stems, and those with

central stems ; and the fourth having the tubes united,

but easily separated from the flesh. The arrangement
of Withering, however, appeal's both the most obvious

and the most natural. It is founded on the condition

of the stalk ; the plants being either without a stem,

having a central stem, or a lateral one. The subdivi-

sions of his sections, founded on the colour of the tubes,

is more artificial and inadmissible, as it is a character in

the Boleti which is liable to many changes.

Sect. 1. Steinless. Boletus uiigulalus. Bo/, igniari-

iis of Sower, tab. 132. This plant is coriaceous, attach-

ed by the side, and shaped like a horse's hoof. The cap
is hard, rubbing to a polish, marked with concentric

liands or ridges, each broatl ridge indicating tlie growth
of the year, and three or four small ones that of tlie

different seasons of the year. The tubes are very slen-

der, equal, the colour of tanned leather, in old plants
stratified, a fresh layer being added every year. It

grows on various kinds of trees, and subsists for several
years. It is the Agaricus Chirurgorum of I'harmaco-
poeias.

Sect. 2. Stem central. Boletus pipcralus. Sower,
tab. 34. The stem is cylindrical, greenish yellow, and
nearly two inches high. The cap is yellow, flat, smooth,
thin, at the edge, and about three inches over. Flesh
thick, tinged with yellow. Tubes decm-rent, short,
deep orange, or e.nrtliy red ; pores brown and irregular.
This species grows upon the ground, and has a pungent
eflect upon tlie throat like that of a capsicum.

Sect. 3. Stem lateral. Boletus hclulinus. Sower. FunKi.

tab. 212. This stem is nearly two inches in length, '""'Y'™'

and half an inch in diameter, of a black colour. The
cap is pink, brown, oblong, convex, curled at the edge,

thin and flexible, and often divided into tongue-shaped

lol)es. The flesh is white ; the tubes white and short

;

tlie pores very minute. It grows upon the trunks of

old trees.

Family IV. Fungi, having thefertile surfacefurnished

with gills or prominent ridges.

Genus XVIII. Meuulios. The plants of this genus 1a 51 kre-

are fleshy or membranaceous ; the cap is furnished with "-i"'.

gills or veins underneath, of the same substance with
the plant.

Sect. 1 . fVith a stem and gills underneath. Mendi-
us umbcllifcrus. Bull. tab. 519, fig. 1. A. The stem
is whitish, smooth and hollow, not thicker than a
horse hair in the smaller plants. The cap is white,

thin, convex, a little bossed with the sides, and plaited.

The gills are white, fixed mostly in pairs in the small,

and in fours in the larger plants, the long ones being

about 18 in number. The delicate structure of this

plant causes it to tremble when held in the hand. The
cap is so delicately transparent, that the edges of the

gills appear ))lainly on the upper side, and have caused

it to be described as striated. It is common in the au-

tumn months at hedge bottoms, and amongst moss, ad-

hering to dead leaves and half rotten sticks.

Sect. 2. With a stem and veins underneath. Afe-

rulius iiifundibuliformis. Bidl. Uib. 465, fig. 2. The
stem in this plant is fluted, hollow, running insensibly

into the pileus, which is also hollow. The gills are

silvery grey, and branched like nerves. The whole
plant is tough, elastic, and of a greyish mouse colour.

Sect. 3. Siemless. Merulius mcmbranaceus. Sower,
tab. 348. The whole plant is somewhat like wet parch-

ment, lobed and waved irregularly. It grows in a ver-

tical direction, the one side containing fibrils by which
it adheres to other bodies, and the other side is furnish-

ed with fine branched anastomosing veins. It grows
on moss in damp places, and on thatched houses.

Genus XIX. Agahicus. The agarics are fleshy Ig. AfiARi-
and membranaceous ; the cap is furnished with gills cus.

underneath, of a different substance from the rest of

the plant, and composed of two plates containing the

seeds.

When LinnJEUS published his Systema Katurm, he was
acquainted with only 27 species of agarics, which he
subdivided into two sections, Stipitati, pileo orbiculato,

and Parasitici, acaules demidiati. Since the days of the

illustrious Swede, the number of species has increased

prodigiously ; so that in Britain alone, nearly 300 are

known as native plants. Various attempts have acconl-

ingly been made to introduce accurate divisions into so

extensive a genus. But difficulties nearly insurmount-

able have hitherto rendered such efforts abortive. All

that the generality of naturalists observe, is the last

state of tJie existence of the plant ; impregnation lias

probably taken place before it rises above the surface of

the ground, so that nature exhibits to us the ripening

and dispersion of the seeds only, and tlie final dissolu-

tion of the individual. Since we are not permitted to

inspect those organs which, among the phenogamous
plants, serve so admirably for their artificial, we had
almost saitl for their natural division, all that remains

for us is, to examine with care those characters which
are least liable to change, even although these should

be but remotely connected with any of the primary
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ters, many subdivisions have been adopted, but al-

most all of them are artificial, founded upon characters

either difficult of detection, or inconstant and fugaci-

ous. This will be better illustrated, by stating the

characters of those subdivisions, as they appear, for ex-

ample, in the Flore Francaise, which are as follows :

1. Pleuropus. Destitute of a wrapper or volva, stem

wanting, or lateral, or eccentric. The sessile species

are usually coriaceous ; those having a stem are fleshy,

with an irregular pileus. As an example, we may re-

fer to the Agaricus (juercinus of Sowerby, tab. 181. 2.

Russula. Destitute of a wrapper, stem central, gills

equal among themselves, and not terminating in a col-

lar surrounding the stem, as Agaricus perlinaceus, Flor.

Fran. No. 369. 3. Laclarius. Destitute of a wrapper,

stem central, gills unequal, juice milky, generally white,

sometimes yellow or red, e.g. Agaricus deliciosus. Sower,

tab. 222. 4. Coprinus. Destitute of a wrapper, stem

central, naked or furnished with a ring; gills unequal,

dissolving into an inky fluid when old ; cap membrana-
ceous, e. g. Agaricus cylindricus. Sower, tab. 1 89. 5.

Pratella. Destitute of a wrapper, stem central, naked,

or furnished with a ring ; gills turning black, but not

dissolving as they grow old ; cap fleshy, e. g. Agarici s

cyaneus oi\Nith.er'mg. 6. Rotula. Destitute of a wrap,

per, stem central, gills equal, ending in a collar sur-

rounding the stem, e.g. Agaricus rotula. Sower, tab.

95. 7. Mt/cena. Destitute of a wrapper, stem central,

hollow, gills not blackening with age, cap not umbili-

cated, e.^. Agaricus pratensis. Sower, tab. 247. 8. Om-
phaiia. Destitute of a "Wrapper and ring, stem hollow

or solid, cap umbilicated, giUs generally decurrent, and
not blackening with age, e. g. Agaricus dryophilus.

Sower, tab. 1 27. 9- Gymnopus. Destitute of a wrapper

and ring, stem solid, cap fleshy, gills not blackening

with age, and either decurrent on the stem, as Agari-

cus miniatus, Sower, tab. 141, or adliering to the stem,

as Agaricus rosens, Sower, tab. 72, or having the gills

loose, as Agaricus auranlius. Sower, tab. 381. 10. Cor-

tinaria. Destitute of a wrapper, stem central, gills

not blackening with age, but covered when young
with an incomplete curtain, which leaves upon the stem

a filamentous ring, e. g. Agaricus collinilus. Sower, tab.

9. 11. Lepiota. Destitute of a wrapper, stem central,

gills not blackening with age, covered when young
with a curtain, which rends, and leaves on the stem a

ring, e.g. Agaricus cepeslipes. Sower, tab. 2. 12. Ama-
nita. Furnished with a wrapper or membranaceous co-

vering, which envelopes the mushroom when young,

afterwards rending, and sometimes leaving its remains

upon the cap. Of these, some have the wrapper im-

perfect, as Agaricus verrucosus of BuUiard, tab. 316;
while in others it is complete, as Agaricus bulbosus.

Sower, tab. ISO.

With regard to the wrapper, the volva of some au-

thors, but not of Linnaeus, it appears to belong but to

a very few species ; and even in these, to be sometimes
so imperfect as to lead authors to deny its existence.

It seems to be confined to the plants with solid stems

only ; nor has it been found attendant even upon these

when the gills are decun-ent. It envelopes the whole
plant in its early stage, and afterwards bursts asunder,

leaving its remains in the form of warts upon the cap
in some instances, and in others disappearing entirely.

On a character so uncertain, is the genus Amanita of
Persoon founded.

The cap, or pileus as it is called, is the most obvi-
ous part of the mushroom ; but it is apt to vary both

in shape and colour. The last character is very uncer-

tain ; the former is a little more permanent. The cap is
^

either conical, convex, flat, or concave and funnel-shaped.

It is constantly varying in the same plant, but is pret-

ty imiformly the same in the same species, when the

plant is in perfection ; that is, when fully or nearly ex-

panded, and before it exhibits symptoms of decay. In

some mushrooms, both the cap and the stem exhibit a

viscidity or clamminess on the surface. This character,

however, is not much to be depended on, as in dry
weather some of the viscid spaces shew no symptoms
of a moist or even adliesive substance ; and in a moist

atmosphere, many, at other times dry to the feel, be-

come more or less viscid.

The stein is less variable than the cap. Its shape,

the proportion of its length to its breadth, and of both

to the cap, afford tolerable distinctive marks ; and its

colours, though subject to change, are perhaps rather

more fixed than those of the cap. But the most per-

manent characters afforded by the stem, depend upon its

position and internal structure. The Agarics are either

destitute of a stem, the cap sitting close upon the root,

or the stems are central or lateral. When the stem is

cut across with a sharp knife, it appears hollow or tu-

bular in some species. The tube is not always propor-

tioned to the size of the stem, though it is uniform

throughout its whole length. It is sometimes entirely

empty, sometimes loosely filled with a pithy substance

;

but its regularity is not affected by that circumstance.

In many species, the stem when cut appears solid,

varying greatly, however, in the degree of solidity. It

may be as solid as the flesh of an apple, or as spongy

as the pith of elder ; but still it is solid, that is, there

is no regular hollow pervading its whole length, though

the more spongy and larger stems sometime show ir-

regular and partial hollow places from the shrinking of

the pithy substance as the plant grows old; but this can

never be mistaken for a regular, uniform, and native

hollowness.

The gills are the flat thin plates found on the under
side of the cap, and attached to it. They are of a tex-

ture evidently different from that of the stem or the

cap, and vary much in their respective lengths. Each
gill consists of two membranaceous plates, between
which the seeds are formed. They are always attached

to the pileus, and sometimes to that only. They often

also adhere to the stem, and frequently extend along it

downwards. These fixed and decurrent gills are at-

tached to the stem by their ends, which are next the

centre of the cap, and not by their edges, as is some«
times the case in some of those species whose caps are

nearly cylindrical. Among those which have loose

gills, (or not attached to the stem), there are a few spe-

cies in which these organs terminate in a collar, not un-
aptly compared to the nave of a wheel, the hollow cen-

tre receiving the stem like an axle. The number of

gills varies even in the same species. Sometimes they

are all equal in length, at other times there are between
the primary gills which extend from the margin to the

centre of the cap, a few secondary ones, reaching from
the circumference a short way inwards. Those gills

which have four in a set, are by far the most common ;

but in those which have four in a set when young, the

gills very often increase to eight when fully expanded,

some of the longer gills bearing from the stem. Cha-

racters taken from the number of the gills, are there-

fore very uncertain and variable. The colour of the

gills is an obvious, and fortunately, at the same time,

a permanent circimistance ; and when we reflect that

FuDgL
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"^"Y"^^ of the fructification or seeds within them, we might
a priori have expected what experience has taught in

this case, that it is the most fixed, the most certain

characteristic on which to found the distinctions of the
species ; and that tJiis, together with tlie structure, will

be at all times sufficient to afford permanent specific

distinctions. It is allowed, that these colours change
when the plant begins to decay, but no botanist would
complain that the characters are wanting, in a subject
collected in a rotten state. The colour of the flat sides

of the gills is what ought to be attended to, because
the colour at the edge in some plants is different through
all the stages of its growth, and in others it changes soon-
er than that of the sides, evidently from the discharge of
the seeds when ripe. The colour ofthe whole ofthe gills

being sometimes influenced by the ripened seeds, it is

clear that this colour ought to be described where it is

liable to such a change, not only in the perfect and vi-

gorous state of the plant, but also in its mature and
nearly decaying state, taking its character from the for-
mer. Thus, in several of the deliquescent agarics,
especially such as dissolve in decay to an inky liquor,
the plants, when very young, have white gills ; these
become grey when the seeds are fonned, and black
when quite ripe, and dissolve in decay. These cir-
cumstances may be properly noticed in the history of
the plant, but no one would think of taking its charac-
ter from its yet but half unfolded state, any more than
from its state of decay ; such a plant, therefore, must
be placed amongst others whose gills are grey.
Some of the agarics have a curtain, the volva of Lin-

naeus, extending from the stem to the edge of the pi-
leus. This curtain is torn as the pileus expands, and
soon vanishes ; but the part attached to the stem often
remains, forming a ring round it. This ring is more
or less permanent as its substance is more or less tender ;

but some of the species appear some years with, and
other years without, a ring ; so that though it forms a
very obvious character, it cannot be admitted as the
ground ofspecific distinction. MajorVelley,when s^cak~
ingofAgaricus cervginosus, says, "in the autumn of 1788,
in several hundred specimens, I never found one that
had a ring on the stem ; but the following year, al-
most every one that occurred had this distinguishine
mark."

* ^

Many of the agarics, when wounded, pour out a
milky juice ; but this circumstance is by no means uni-
form in the same species. Some plants, apparently
healthy and vigorous, shew no signs of milk when
wounded, while others of the same species, on the
same spot, and at the same time, pour out their milkm abundance. This frequently happens with the A'ra-
ricus exampeUnus.

"

Taking all these characters in connection, and allot-
ting to each a conspicuous place, in proportion to its
permanency, our countryman, Dr Withering, in his
'' Arrnngeynent of British Plants," presented to the pub-
he a classification of the agarics, more simple, obvious,
and applicable, than any of those subdivisions which
have hitherto appeared. Without venturing to give a
description of any of the species belonging to the dif-
terent divisions, we content ourselves with presentinff
an outline of the whole.

\, Stem central.

I. Solid and Dccurrent.

1. Gills white. 2. Gills brown.
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3. Gills red.

4. GiUs buff.

II.

5. Gills yellow.

6. Gills purple.

Solid and Fix«d.

4. Gills buff.

5. Gills yellow.

6. Gills grey.

Fungi.

J. Gills white.

2. Gills brown.
3. Gills purplish.

III. Solid and Loose.

1. Gills white.

2. Gills brown.
3. Gills red.

4. Gills buff.

5. Gills yellow.

6. Gills grey.

IV. Hollow and Decurrent.

1. Gills white.

2. GiUs red.

3. Gills yellow.

V. Hollow and Fixed.

1. Gills white. 5. Gills yellow.
2. Gills brown. 6. Gills buff.

3. Gills red. 7. Gills green.
4. Gills purple. 8. Gills grey.

VI. Hollow and Loose.

1. Gills white.

2. Gills brown.
3. GiUs red.

B. Stems Lateral.

1

.

Gills white
2. Gills brown.

C. Stemless.

4. Gills buff
5. Gills yellow.

6. Gills grey.

3. Gills buff.

Genus XX. Morchella: The plants of this ge- ,» «
nus have no wrapper; their ovoid cap is supported by chell^
a cylindrical stem, not perforated at the summit, but
raised below into anastamosing nerves, forming poly-
gonal cells, in which the seeds are concealed. These
plants were foi-merly associated with the genus Phallus,
but in consequence of their want of a wrapper, and the
seeds not being enveloped in a slimy liquor, they have
been disjoined by Jussieu, Lamarck, and Persoon.

Morchella esculenta. Phallus esculenlus of Linnaus,
Sower, tab. 51. The stem is cylindrical, ^olid, or hol-
low; white and smooth; the cap is hollow within,
ovoid, adhering to the stem by its base, and latticed on
the surface with irregular sinuses : the height is about
four inches. This plant is well known in Britain by
the name of Morel, and is eaten with safety.

Family V. Fttngi in which the fertile surface de-
cays into a pulp, the plant issuingfrom a torapper.

Genus XXI. Phallus. Stem enveloped by a wrap- 21 p„per at the base, supporting a cap, which is perforated tos.
at the top, marked with a network of cells, and fur-
nished with a slimy liquor, in which the seeds are lod-
ged.

Phallus impudicus. Sower, tab. 329. This is one of
the most singular productions of the whole tribe. It
arises from the earth under a wrapper, shaped exactly
like a hen's egg, of the same colour, having a long fi-

brous radicle at the base. This wrapper is composed of
two coats or membranes, the space between which is
full of a thick, viscid, transparent matter, which, when
dry, glues the coats together, and shines like varnish.
In the next stage of growth, the wrapper suddenly
bursts into several lacerated permanent segments, from
the centre of which arises an erect, white, cellular hollow
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Fungi, stalk, about five or six inches high and one thick, of

"^"^"V^ a wax.like friable substance, and most fcetid cadaverous

smell ; conic at each end, the base inserted in a white,

concave, membranaceous, turbinated cup, and the sum-
mit crowned with a hollow conical cap, an inch long,

having a reticulated cellular surface, its base detached

from the stalk, and its summit umbilicated, and either

perforated or closed. The under side of this cap is

covered with a clear, viscid, gelatinous matter, similar

to that found between the membranes of the wrapper

;

and under this viscid matter, concealed in reticulated

receptacles, are found the seeds ; whidi, when magni-
fied, appear spherical. As soon as the wrapper bursts,

the plant begins to diifuse its intolerable odours, which
arc so.powerful, and widely expanded, that it may be

readily discovered by the scent only, before it appears

to the sight. At this time, the viscid matter between
the coats of the wrapper grows turbid and fuscous

;

and when the plant arrives at its full maturity, the clear

viscid substance in the cap becomes gradually disco-

loured, putrid, and extremely fcetid, and soon after-

wards turns blackish, and, together with the internal

part of the cap, melts away. It is common in woods
and hedges.

22. Cl\. GenusXXII.Clathrus. The receptacle for the seeds
THKt's. in this genus is formed of fleshy, arched, anastamosing

branches, which form a kind of vault. The branches

emit, on all sides, a viscous liquor, concealing the seeds;

the receptacle is inclosed in a wrapper in the young
state of the plant.

Clathrus canccllalus. Bull. p. 19O, tab. 44'1. This
plant is sessile, globular, and white. The wrapper soon

breaks from tlie summit, and discloses the receptacle or

cap, which is often of a red colour. The branches of

the receptacle form an ovoid vault. The seeds are

mixed with a stinking liquor. It is found on sandy
ground.?, and in dry woods, in the middle parts of Eu-
rope.

TRIBE II. ANGIOCARPI.

Family I. No pcridium, the plants parasitical, pro-
iecled, when young, by the ejiidcrmis oj the plant upon
ivhich they grow.

a."}. GYM- GENUsXXIII.GvMNosponANGiuM. The plants of this

NospouAjf- genus exhibit a gelatinous mass, at the surface of which
niuu. seed vessels are found, composed of two conical cells,

joined at the base, and separating at maturity. These
capsules are placed at the summit of weak slender fila-

ments, which proceed from the base, and traverse the

gelatinous mass. All the plants of this genus are para-
sitical on the different species of junipers.

Gyynnosporangiiim fuscmn. Tremella sabina?. Dicks.

Crypt, i. p. 14. This is of a reddish or brown colour,

issuing from beneath the epidermis on which it grows.
It is somewhat narrow at the base, almost cylindrical,

.obtuse, sometimes marked by a longitudinal groove.
Its consistence is a little gelatinous. The microscope
discovers, on the surfiice, numerous seed vessels, sup-
ported by slemler filaments, proceeding from the base

.
of the plant. It grows upon the Juniperus sahina,

&c.

Genus XXIV. Puccini.a. The plants of this ge-
nus present themselves under the form of compact ge-
latinous tubercles, upon which the seed vessels are

raised ; these are supported upon stiff stems, are in ge-
neral divided into two or more cells, by transverse par-

24. Pic
CINIA.

titions, and emit the seeds by the summit or by the
sides. They grow upon the leaves and young shoots of
plants, sometimes under the epidermis, which they
pierce in order to reach tlie air, and sometimes upon
the epidermis itself. In autumn there is scarcely a plant
that is not infected with these parasites. They are di-

vided into three sections.

Sect. 1. With three or four cells. Puccinia riibi.

Sower, tab. 400, fig. 9- This is a very common plant,

growing on the under side of the leaves of the common
bramble in autumn, spotting their backs with little

sooty-looking clusters; which, when magnified, are
foinid to consist of a number of transparent stems, ta-

pering upwards, each with three or four oval heads,
resembling little black beads placed on each other, the
uppermost somewhat acute at the apex.

Sect. 2. Wilh ixvo cells. Puccinia graminis. The
Uredo frumenli of Sower, tab. 140. This species, too
well known in this country by the name of blight, grows
on the leaves and stalks of various species of gramina,
thereby stinting and weakening the plant. It forms
linear patches, which are at first yellowish brown, and
afterwards become black ; the seed vessels are support-
ed on short stems, somewhat clavate ; the cells are two
in number, the one at the extremity somewhat larger

thiui the other. It is common on wheat, in low grounds,
or where too closely sown, especially after rain in the

early part of autumn.
Sect. 3. With one cell. Puccinia pisi. Sower,

tab. 3<>3, fig. 8. This parasite attacks the stems, leaves,

and tendrils, of the common pea. It grows in brown
pustules, wliich are a little prominent, and scattered

oblong on the stem, but rounded on the leaves. The
epidermis is first raised, and afterwards bursts and forms

a border around the pustules. It consists of unilocular

ovoid capsules, supported on very short stems.

Genus XXV. Bull.'vbi.a. These grow in groups,

under the epidermis of dead stalks, whicli tliey raise,

and afterwards burst, each group consisting of a mul-
titude of articulated and sessile cajjsules. These difl'er

from the genera Puccinia and Uredo, in growing upon
dead stalks, and not upon living leaves.

Bullaria umbellijerartim. Persoon's Obs. Myc. tab.

2. fig. 5i This species is common on the dead stalks

of umbelliferous plants, growing under the epidermis,

which it raises up in the form of an oval greyish blad-

der, and then pierces it longitudinally ; a reddish,

brown mass may then be distinguislied, almost pulve-

rulent, which presents, under the microscope, sessile

capsules, separated into two cells by a partition, or ra-

ther a transverse stricture, giving them the form of the

figure 8.

Genus XXVL Ubedo. This genus exhibits merely a

naked powder growing under the epidermis of living

leaves, which it bursts, and issues by the orifice, the

torn margin resembling a small receptacle ; tlie seeds

or capsules are ovoid or globular, without transverse

partitions. In autumn these fungi are to be found on
almost every leaf. Several species infest the willows.

Sect. 1. Powder black, brown, or red. Uredo sege-

tum. Bull, page 90, tab. 472, fig. 2. It is painful for

us to record the name of another parasitical fungus, as

destructive to our crops as the blight, but known by
the name of Smut, and attacking the ears of wheat,

oats, and barley. It consists of small spherical glo-

bules, a little adhering together, and of a brown or

blackish colour. It grows under the epidermis, and
sometimes destroys the whole parenchyma of the ear.

Fungi

I

25. Bor
L.\RI.A.

26. UbI
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"ngi. Tlie epidermis \which remams in shred*, and the fibres,

"V"*^ which, on account of their hardness, resist the devasta-

tion, were formerly supposed to be the seed-vessel, and
the proper filaments of the parasitical plant.

Sect. 2. I'oxoder yctlorv. Uredo linearis. Sower, tab.

139. This species firows on the leaves of many of the

grasse-o, foniiing linear patches visible on both sides,

rising under the epidermis, which at last bursts in the

direction of the nerves. The powder is at first yellow,

afkerwards brown, composeil of ovoid globules.

Sect. >i. Powder white. L'redo tragopogi. This is

fuund on the leaves of tJie goat's-beard, in the form of

a white powder.

Family II. Peridium memhranacemts,filled with Poxv
der not intermingled tvith Filaments.

^ct- Genus XXVII. Ecidium. The fungi of this genus
'**' appear at first as simple tubercles, which soon open at

the summits into a circular orifice, more or less deeply
tootlied. The inside contains a farinaceous powder.
They are all parasitical, growing upon the lea\'es of
living plants.

Sect. 1. Tubercles scattered. Ecidium anemones.
Lycoperdon anemones, Pultn. Lin. Trans, vol. ii. p.

311. This grows on the inferior surface of the leaves of
the Anemone nemnrosa, in the form of scattered tu-

bercles. They appear at first under the cuticle, and
afterwards burst forth like white buds, with- a pore in

the summit, and then expand into a cup with a laci-

niated border. The powder is white, and composed
of ovoid globules, scarcely cohering. This plant can
scarcely be mistaken for any of the other parasitical

fungi with which this anemone is infested, as the Eci-
dium punctatum, in which the powder is brown, the
Uretlo anemones, and the Puccinia anemones.

Sect. 2. Tubercles closing into a circular ring. Eci-
dium tussilaginis. Sower, tab. .Sf)7, fig. 1. This grows
upon the under surface of the leaves of several species

of tussilago. The leaf appears with a reddish-white

spot on the upper surface, and below the receptacles

are disposed in spots, rounded and serrated, or of-

ten formed into a ring. Powder orange, sometimes
white.

Sect. 3. Branched in irregular clusters. Ecidium
berberidis. Sower, tab. 397, fig. 5. This grows upon
the back of the foliage of the common barberry, in

rounded convex tufts, the space of each appearing on
the upper surface like a red spot. The common base is

reddish, supporting small yellow tubercles, which di-

vide at the summit into a circular opening, the margin
furnished with fine teeth. Powder yellowish-orange.

Found principally in the spring.

Mtj. Genus XXVIII. Mucon. The plants of this genus
^ have a membranaceous globular or tufted receptacle,

seated on a stem, at first watery and transparent, af-

terwards opake, and full of naked powder, not mixed
with filaments, and but little cohering.

Mucor mucedo. Sower, tab. 378, fig. 6. This spe-
cies, which every one knows, is common on all fei--

menting and decaying vegetable or animal mattctr.

The stalks are simple and slender, bearing upon their

summits a globular seed-vessel, at first white and trans-

parent, afterwards brown and opake. The seeds are
numerous, round, and greenish while inclosed in the
seed-vessel. This seed-vessel bursts with an elastic

force, as may be seen when viewing it under the mi-
croscope.

VOL. X. PART I.

Genus XXIX. Licea. The fungi here referred to

have a sessile, membranaceous, brittle peridium, burst-

ing in various ways, and containing a powder without
filaments. They are destitute of a membranaceous
base.

Licea circmnsis.ia. Sower, tab. 258. This plant is

sessile, rounded, and a little flattened. It opens irr&.

gularly across, and contains a golden yellow powder,
among which one or two filaments may be discerned
with difficulty. It grows at the end of autumn on dead
wood.
Genus XXX. Ti'bulina. The plants of this ge- 50. TcsiTi

nus possess a membrane which supports many sessile lima.

peridiums, which are generally cylindrical. The pow>
der is destitute of filaments.

Tubulina cjjlindracea. Bull. tab. 470, fig. 3. The
peridiums are sessile, and rest upon a white obvious
membrane : They are cylindrical and lengthened, and
terminate in an obtuse point, of a rusty brown colour,

with a white point. These burst irregularly towards
the upper end, and allow the rusty brown powder to

escaf)e. This plant grows upon moist dead wood.

Family III. Peridium membranaceous,Jilkd with Potcm

der, intermingled tvith Seeds.

Genus XXXI. Trichia. *The peridiums of this ge- 31. Tri-

nus are sessile or pedunculated, supported upon a mrfm- cuia.

brane which is very apparent in the young state of the

plant. These inclose the filaments, which are attach-

ed to a stem, or to the partitions of the peridium, and
supports numerous pulverulent globules. They are di-

vided into several sections, which might with propriety

be constituted into genera.

Sect. 1. Peridium ovoid, spherical, sessile, or pe-
dunculated, bursting irregularly/. Theseform the Sphe-
rocarpus ofBidliard. Trichia turbinate. Bull. tab. 481,
fig. 1. The base is white, membranaceous, and very ap-
parent; the stems are simple, smooth, slender, length-

ened, cylindrical, terminating in an orange-coloured
peridium, at first in the form of a rounded tuft, after-

wards as if trimcated, and finally concave at the sum-
mit ; at which time it might be taken for a Peziza, if

tiie interior of the peridium were not filled with long-
haired network, covered with a greyish-red powder.
It grows on dead wood.

Sect. 2. Peridium bursting in such a manner as to

form a persisting calyx on the summit of the stalk. This
is the Arci/ria of Persoon. Trichia nutans. Sower,
tab. 260. i'he base consists of a white coriaceous mem-
brane, supporting the little fungi ; the peridium is

lengthened, becoming cylindrical, and at the same time
decaying at tlie top, leaving at liberty the powder and
the hiaments. It grows upon dead wood.

Sect. 3. Peridium destroyed in whole or in part,

in such a manner as to leave aitastamosi/ig nerves, through

which the powder issues. The Crebraria of Persoon.

Trichia semi-cancellata. Sower, tab. 400. fig. 5. The
base is a ccwiaceous white membrane, supporting nu-
merous stalks, which are simple, striated, of a'brown-
ish-black colour, tapering towai-ds the summit, straight,

or leaning iu old age. The peridium is globular at

first, opake, of a fine yellow before and reddish after

the emission of the seeds. The lower part is membra-
naceous, and persisting in the form of a denticulated

calyx ; the upper part is formed of fibres, disposed in a

net-work, vanishing after the emission of the powder,
which is yellow.
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37. Lyco.
jTEROON.

Gems XXXir. Stemonitks, The plants of this ge-

nus are usually inserted upon a membrane in groups ;

the peridiuras are pedunculated, and traversed by an

axis, which consists of a lengthening of the pedun-
cle.

Slemonites ti/photdes. Sower, tab. 50. The white

membrane of the common base supports a number of

slender stalks, which traverse the peridium, and re-

main after the escape of the powder. The peridium is

cylindrical, soft, of a milk-white colour when young,

but becoming black afterwards. It bursts laterally in

many places, and throws out a brown powder. It

grows during the summer on rotten trunks of trees.

Genus XXXIII. Diderma. In this genus many in-

dividuals arise from a common membrane, having a pe-

Tidium with a double covering, containing powder in-

termingled with filaments. This genus bears the same
relation to the Tinchia as the Geastrum does to the Ly-
coperdon.

DidermaJloriJ'orme. Bull. tab. 371. This plant is

altogether of a coriaceous consistence, and of a jiale

yellow colour. The base consists of a thick obwous
membrane, supporting many slender, smooth, cylindri-

cal stalks, with a globular smooth head. At length the

•outer bark opens into five or six unequal rays, exposing
a true peridium, pear-shaped, wrinkled, and perma-
nent, bursting irregularly, and emitting a brownish-
coloured powder.
Genus XXXIV. Reticularia. This genus con-

sists of plants, which are at first pulpy, shapeless, and
«oft. Internally they present cells full of powder, form-

ing a kind of slender net-work ; finally, they are redu-

ced into a fine powder.
Reticularia hortensis. Sower, tab. 399- This is com-

mon on tan in hot-houses. It at first appears to fer-

ment as it were in a kind of whitish froth, in a few
hours becoming yellowish, and seemingly mixed with
a powder ; at length it grows fragile, flattens, and as-

sumes a lightish brown colour on the outside, being
replete with dark powder, or seeds in irregular divi-

sions within ; after which it soon falls to pieces. In

the fresh state it smells not unlike rotten cheese.

Genus XXXV. Spumaria. The plants of this ge-

nus resemble the preceding, but their pulp conceals co-

riaceous and membranaceous cases, inclosing the seeds.

Spumaria mucilago. Sower, tab. 280. This plant is

of a white colour, soft, and flaky like scum. Inter-

nally the coriaceous cases ai-e shaped like coral, and in-

close a black powder. It dries up quickly, and by the

touch is reduced to powder, nothing remaining but the
black cases. It grows upon the stalks and leaves of
dead and living plants.

Genus XXXVI. Leucogalia. In this genus the pe-
ridium is membranaceous, rounded, and filled while
young with a liquid pulpy mass, afterwards changed
into a powder mixed with a few filaments. This pe-

ridium opens in a regular manner at the sides, or on the
summit.

Leucogalia argenfea. Sswer. tab. 272. This plant is

sessile, or prolonged at the base into a very short pe-
duncle. Its form approaches to spherical ; its colour is

wliite when young, afterwards it turns red or brown.
The pulp changes into a powder, at first grey, after-

wards rust coloured, and at last brown. The seed-
vessel bui'sts at the side. This species g\ows solitary,

on putrid trunks, in autumn.
Genus XXXVII. Lycoperdon. The plants of this

genus are composed of a peridium generally globular,
solid when young, with whitish close flesh, changing

into a powder intermingled' with filaments. At matu- Fungi,

rity it opens at the summit, in a manner more or less '""Y""'
regular. Several species of this genus are so well known
in this country by the name of Pujf-balh, as to render

any farther description unnecessary.

Gknus XXXVIII. Geastrum. The plants of this 3S. Geas»

genus are globular at first, then the external covering tklm.

opens at the top, and divides into many rays, curling

backwards, and raising the peridium on a vaulted pe-

destal. The peridium is globular, and opens at the

summit by an orifice bordered by fading hairs. The
inside is full of brown poivder, intermingled with fila-

ments, dispersed, and indistinct. The external cover-

ing is coriaceous and thick, the internal is membrana-
ceous ; between these tliere is sometimes found a fuga-

ceous wrapper.
Geastrum hi/grometricum. Sower, tab. 80. The ex-

ternal covering is of a chesnut colour, divided into five

or six nearly equal rays, which are bent backwards.

The peridium is spherical and sessile, mouth ciliated,

and usually bordered with a circle of a paler colour.

For a more minute account of the species of this genus,

the reader is referred to an excellent paper of Mr
Woodward's, on the stellated Lycoperdons, in the Linn.

Tram. vol. ii. p. 32—62.
Genus XXXIX. Tulostoma. The peridium is 39. Trr.os-

solid, globular, fleshy, white, and becomes converted toma.

into a fine powder, intenningled with fine filaments.

It is supported on a cylindrical stalk, hollow through-

out, having an opening at the top, with a cartil^i-

nous border.

Tulostoma bnimale. Bull. tab. 294', and 471. fig- 2.

This plant is of a white colour, the stem is cylindrical,

generally glabrous, sometimes imbricated ; peridium
globular, opening at the summit by a round orifice

which is flat, or a little prominent. It grows in sandy
grounds in winter, and in the beginning of spring.

Family IV. Peridium membranaceous or Jleshy, and
tvithout poiuder.

Genus XL. Cyathus. The fungi of this ge- 40. Cva.

nus consist of little cups, the orifice of which, at first, is tih's.

vested with a membrane, and the inside filled with a

viscid Umpid juice ; at\erwards the membrane bursts,

the liquid evaporates, and there remain in the bottom
of the cup from three to five lenticular capsules, adhe-
ring to the base by a slender filament, and filled with
jelly, in which grains are observed supposed to be
seeds.

Cyathus siriatus. Nidularia striata of Sower, tab.

29. This plant is conical, woolly on the outside, and
scored within. The capsules are smooth above and
woolly beneath. It grows on the ground, and on rot-

ten wood.
Genus XLI. Stictis. This genus exhibits little 4.1. STiifc

membranaceous cups, half way inserted into the barks tis.

of trees, full of a substance not powdery, inclosing the

seeds ; these are closed when young, but open after*

wards into a cup.

Stictis immersa. Peziza immersa of Sower, tab. 3C9.

fig. 9. This little fungus is wholly black, sometimes

a little woolly on the underside. It forms holes in the

wood on which it grows.

Genus XLII. Pilobolus. In this genus the recqp- ., p^^^.
tacle is thread-like, widening at top into a vesicle filled noVus.
with water, at the summit of whici^ there is Ibund a

fleshy substance, supposed to contain the seeds in the

inside.
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Pilobolui urceolalus. Sower. 300. This curious
'' production may be found on horse dung, in dmnp or

dewy mornings or evenings almost all the year. At
first it is cylindrical, with a small yellow head. In a

few hours the stipes inflates towards the top, and be-

comes pitcher-shaped, and at the same time the head
gradually changes brown, by degrees becoming totally

black. The plant being arrived at perfection by its

inflation or expansion, it bursts and projects the head
to the distance of three or more inches, probably to

disperse the seed.

GenusXLIII. Thelebolus. Receptacle cortical, glo-

bular, entire at the margin, when young inclosing a
vesicle, which afterwards pushes out, containing a great

many loose capsules, lengthened, pointed, and filled

with seeds.

Thelebolus hirsulus. This species grows upon the

bark of living trees, foraiing a greyish membranaceous
base supporting many small globular heads, with a
rounded orifice at the top, by which the internal mat-
ter containing the seeds escapes.

Genus XLIV. Euysiphk. The fungi here referred

to have a fleshy receptacle, containing many oval acute
aeed-vessels, and surrounded with a white pulp pro-
longed into many articulated simple or branched rays.

These grow upon the living leaves. The receptacles

of all the known species are at first yellow, then red,

and at last black ; the extension of the base is always
white, often covering the leaves with a retiform mem-
brane or powder.

Erysiphefraxini. Mucor erysipke oCLinn. This plant
grows on the inferior surface of the leaves ofthe common
ash, forming at first a thin white crust, which afterwards
supports small tubercles, at first yellow, then orange,
brown, and at last black ; these are bordered with seven
or eight pointed hairs, swollen at the base. These
hairs are at first upright, then they become horizontal,

and finally are obliterated.

Genus XLV. Tubercularia. The plants of this

genus present merely a fleshy sessile tubercle, simple or

composite^ the seeds contained in a thick liquid in the
inside. They grow upon the bark of trees and cer-

tain plants, and are all remarkable for their red colour.

Tubercularia vulgaris. Bull. tab. SS*. This plant
is not absolutely without a stem, but the stem is very
short, and nearly as thick at the top, entering into the
substance of the bark on which it grows. In some
specimens the top part is of a full vermilion, and the
lower part of a yellowish colour. In other specimens
this order of colour is reversed. It is common in this

latter variety to find yonng shoots growing up close to
the stem of the older plants, the heads of which have
the full vermilion colour. It varies from the size of a
pin's head to that of hemp-seed. It is found plenti-
fully on pieces of half rotten sticks in the autumn.
Genus XLVI. Sclerotium. The sclerotia present

merely a hard bark or covering of a more or less com-
pact fleshy substance, without visible veins, in which
the seeds are supposed to be nestled. They differ from
the genus Tuber in the absence of veins, and from Tu-
bercularia in the flesh being firmer, and the bark more
coriaceous. They are the productions of spring.

Sclerotium durum. Pers. Si/h. 121. This grows be-
tween the bark and the wood, upon the dry stalks of
herbs and shrubs. It is oblong or oval, a little flatten-
ed, and of a black colour. The substance is firm and
hard, and in the interior the flesh is white and coriaceous.
Genis XLVII. Tuber. The plants of this genus

are fleshy, round, snbterraneous, solid, not becoming

powdery, nor opening at llie top, but containing veins Kungi.

m various directions. By Linnaeus they were united *"'V"'"^

with the lycoperdons.

Tuber cibarium. Sower, tab. .SO;). Truffles, as the

plants of this species are called in England, are globu-

lar, seldom the size of a hen's-egg, without any root,

and of a dark colour approaching to blackness. The sur-

face is uneven and rough ; the flesh firm, white while

young, but when old it becomes black with whitish

veins.

Having thus concluded our proposed review of the

different genera of Fungi, it may be proper here to re-

mark, that, under the term Hvpoxyla, which we have
added as an'Appendix to the present article, the reader

will find some of those genera described, which he pro-

bably expected to meet with under the title Fungi.

Such as the genus, Rhizomorpha of Rothes, and that

extensive genus, or rather tribe of plants, the Sphsexia

of Linnaeus.

Before proceeding to offer some remarks on the phys- Preserva—

siology of the Fungi, it may be proper to state the tionofihfr-

methods which have been employed for the purpose of l'i>np'-

preserving them in a fit state for subsequent inspection

and comparison. The difficult}', indeed, of preserving

such soft and perishable objects has always been found
one of the most formidable obstacles to the study. Dr
Withering, to whom the British botanist lies under so

many obligations, after a long continued attention to
the subject, discovered the following method, which he
found to answer the purpose. Take two ounces of
vitriol of copper, (sulphat of copper,) reduced to pow-
der ; pour upon it about a tea cup of cold water, stir

them with a piece of stick or quill for about a minute,
then pour off the water and throw it away. Gn the re-

maining vitriol pour a pint of boiling water, and when
the whole is dissolved and grown cool, add to it half

a pint of rectified spirit of wine ; .filtre it through
paper ; keep it in a bottle closely corked, and call it

the pickle. To eight pints of pure spring water, add it

pint and a half of rectified spirit of wine ; keep this in
corked bottles, and call it the stronger liquor. To eight

pints more water, add one pint of spirit of wine, and
call it the weaker liquor. Be provided with a number
of wide-mouthed glass jars of various sizes, capable of
holding from two ounces to two pints, all very well
fitted with corks.

Whatever fungus, whether Agaric or Boletus, &c.
you wish to preserve, should be suffered to lie upon
your table as long as it can be trusted without danger
of its decaying, so as to allow some part of its moisture
to evaporate ; the thick and fleshy plants should lie tlie

longest, but the deliquescent ones, and those which are

very thin and delicate, should be put into pickle almost
immediately after they are gathered.

Pour some of the pickle into a square jar, and into

this immerse the specimens to be preserved. The spe-

cimens should remain in the pickle from three hours
to three days, according to their bulk and fleshiness;

Then remove each specimen into the jar in which it is

to be kept, suiting the size of the jars to the size of the
specimens. If they are of the large juicy and fleshy

kind, fill up the jar with the stronger liquor, but the
weaker will suffice for the smaller and thinner plants.

Whichever liquor be used, the jar must be quite filled

with it, and immediately corked very tight. Cover the
cork and the top of the jar with Venice turpentine, by
means of a painter's brush, and then tie a piece of

wetted bladder very tight over the top of the jar. These
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Furgi. precautions are necessai-y to prevent the access of air

^"""v""^ and the evaporation of the liquor, because, if either of

these happen, the specimens will soon be spoiled. The
Boleti are in general more difficult to preserve than the

Agarics, and such of either as abound with a milky
juice are apt to foul the liquor, which must then be
changed. Mosses and Liclvens may be preserved in

great perfection by this method of pickling. But we
must add, tliat a collection formed in this manner will

be both bulky and expensive.

Anothei: method, still more simple, has sometimes
been practised, namely, to dry them ip a stove of clean

sand moderately heated. Almost all the coriaceous

agarics ma,y in this manner be preserved with ease, so

as to exhibit not only their form, but also in a great de-

gree their colour. The sand must be fine, clean, and
dry, and poured into the dish with care, observing to

fill the spaces between the gills gently with tlie sand,

without bruising them or altering their position.

But a vast number of the fungi noticed above can-

not be preserved by any of those methods which we
have detailed. Many of them consist almost entirely

of water, so as to be incapable of drying without total

destiniction, while the characters of others depend so

much upon the colour, and at the same time are of a
substance so fugaceous, that no liquor can preserve

their delicate tints, or their still frailer forms. Hence
the mycologist must employ his pen to describe, and
his pencil to copy these productions, whose characters he
investigates, otherwise his conceptions of the species

will be both obscure and indeterminate.

In addition we may mention, that agarics may be
transported to almost any distance with little damage
by the following method. Put them into an earthen
jar upon a layer of moss a little pressed down ; cover
them with more moss, carefully filling up the inter-

stices ; and then go on stratifying them until the jar

be quite full ; pour in the pickle above described as

long as the moss will continue to imbibe any, then stop

the mouth of the jar securely. It may be useful to

observe, that when several species are put into one jar,

they may be labelled with slips of card paper written

with a black lead pencil. •

Physiology.
j^, attending to the physiology of this intricate class

of vegetables, there is no circumstance in their history

more surprising than the rapidity of their growth.

The space which intervenes between their germination
and maturity is seldom more than a few days, or at

most a few weeks, and in many cases a few hours only

are required. Withering relates, that a young plant

of the Agaricus cylindricus put into water, and coveretl

with a glass bell, grew three inches and a quarter in

twelve hours. Sowerby when describing the Phallus

caninus, says, " I have often placed specimens by a
window, over night, while in the egg form, and they
have been fully grown by the morning," and he adds,
" they have never grown with me in the day time. The
absence of light, indeed, to this tribe of plants, does
not seem so prejudicial, as it does to the stameniferous

vegetables. Some of them live under the ground,
others in the recesses of caves and in dark cellars.

In regard to situation, the fungi present many re-

markable differences. A few grow upon the ground,
and seem to derive their nourishment from the soil.

Others spring up on the various putrid substances pre-

sented by nature or art. Rotten fruit, cheese, meat,
dung, are all destined to support particulai- species of
fungi. But these parasites are not confined to dead

plants and putrid matters, otherwise we might consider

them like the Silphides among the insects, and style

them nature's scaffingers. But they likewise attack

living vegetables. They presume not to infest animal
matter until the spark of vitality has fled ; but they
prey upon the very juices of vegetables, seat themselves
on the stalks, the leaves, and the flowers, and occasion

their stinted growth and decay. Some are peculiar to

one plant, while others infest the foliage of several

plants, provided in general they belong to the same
natural family. They make tlieir appearance in pas-
tures and corn-fields, on way sides, in marshes, and in
woods. In one season, you may observe multitudes
rising in a particular spot, where none will be found in

the subsequent season. So uncertain are they in their

growth, that it is not likely they will ever enter into

the composition of ornamental gardening. We are
told by Gleditsch, that morels are observed to grow in
the woods of Germany in the greatest plenty, in those
places where charcoal has been made. Hence the good
women who collect them to sell, receiving a hint how
to encourage their growth, have been accustomed to

make fires in certain places of the woods, with heath,

broom, and other materials, in order to obtain a more
plentiful crop. This strange method of cultivating

morels being, however, sometimes attended with dread-
ful consequences, large woods having been set on fire

and destroyed by it, the magistrate thought fit to inter-

pose his authority, ami the practice is now interdicted.

We may add, that the beautiful little moss called the
DicTarmm purpureum makes its appearance in precisely

similar situations.

We cannot take leave of this part of the subject,

without stating to our readers the following observa-
tions, which were made by that eminent naturalist, the
late George Montagu, Esq. on a Scaup duck, which
came into his possession, and which died a few days
after.—" The cause of death" (says he) " appeared to be
in the lungs, and in the membrane that separates them
from the other viscera ; this last was much thickened,
and all the cavity within was covered with mucor, or
blue mould. It is a most curious circumstance to find
this vegetable production growing within a living ani-
mal, and shews that where air is {jervious, mould will

be found to obtain, if it meets with sufficient moisture,
and a place congenial to vegetation. Now the fact is,

that the part on which this vegetable was growing was
decayed, and had no longer within itself a living prin-
ciple ; the dead part therefore became the proper pabu-
lum of the invisible seeds of the mvcor transmitted by
the air in respiration j and thus nature carries on all her
works immutably, under every possible variation of
circumstance. It would indeed be impossible for such
to vegetate on a living body, being incompatible with
vitality ; and we may be assured that decay must take
place before this minute vegetable can make a lodge-
ment to aid in the great change of decomposition. Even
with inanimate bodies, the appearance of mould or any
species of Fungi is a sure presage of partial decay and
decomposition." Ornith. Diet. sup. Duck Scaup.

But the most uncommon circumstance in the mode
of ^owth of the fungi remains to be mentioned, and is

their disposition to grow in circles. Many of the Aga-
rics, for example, are solitary, while others are uniform-
ly gregarious. Those of the last kind frequently rise

up in a somewlwt regular manner, and form circles

more or less complete. These circles for a long time
perplexed the naturalist, ever more anxious to employ
singular and uncommon agents in accounting for the

1

Fimgj.
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])licnomcna of nature, than to trace tlic various steps of

tlie process by tlic slow but certain road of fact and
observation. For an account of the various hypotheses

which have been formed, in order to account for these

circles, or fairy rings as they arc called, see the article

Fairy Rings. Before, however, dismissing the subject,

we must remark, that the disposition to assume regular

figures in the course of vegetation, does not seem pecu-

liar to the fungi. Every person at all acquainted with

the lichens, mnst have observed similar appearances of

a circular growth in many of the cruBtaceous species.

And no one who has ever traversed the sandy downs
of a sea-shore, can have failed to remark the lineal

growth of the Carex arenaria, running under tlie sand

and protruding its stalk in a straight line, as if planted

by a skilful gardener. How careful, therefore, should

we be to prefer observation to conjecture, and fact to

hypothesis.

The season of the year in which the fungi appear

most numerous is towards the end of autumn and be-

ginning of winter. They observe particular seasons of

the year in which to rise with as much regularity as

the more perfect plants, and hence some of the species

naturally allied may with tolerable certainty be discri-

minated. The Agaricus Georgii, which is found in Es-

sex in considerable quantities, and collected for the

London market, is known by the name of St George's

mushroom, because they usually spring up in greatest

quantities about St George's day.

The fungi exhibit some of the finest colours of the

vegetable kingdom. In the coloured drawings of the

more perfect plants, the artist is sometimes too profuse

in tints, and the figures exhibit a gaudy aspect ; but in

the colouring of figures of the fungi, he need be under
little apprehension of committing excess. Nature hav-

ing withheld from this portion of her plants tliose flow-

ers which form the chief beauties of the higher orders,

and even the leaves with which they are clothed, has
profusely scattered her colours over tlie whole surface of

the mushrooms, ornamenting the cap with one colour,

the gills with a second, and the stem with a third. Let
but the lover of natural beauty free his mind from pre-

judice, and then examine tlie forms and colouring of
the fungi, and he will be compelled to admit, that ma-
ny of them rival in symmetry and splendour, the rose

and the lily, those gaudy ornaments of Flora.

In general the fungi emit scarcely any smell, and
appear entirely destitute of any volatile particles; or

they possess a cadaverous smell, which renders them
exceedingly offensive. A few, however, emit effluvia

by no means disagreeable, nay, in some instances re-

markably pleasant. Thus the Agaricus pratensis diffu-

ses an agreeable odour like almond kernels. The Aga-
ricus fragrans powerfully sends forth the pleasant smell

of new mown nay, similar to the Anthoxanthum odora-
tum. While these otlours please the sense of smell,

others are by no means so agreeable, as Agaricus muri-
nus, which smells like mice ; and in this respect re-

sembles the Cynoglossum vulgare. It is impossible for

us to determine what important purpose in the econo-
my of the fungi the scent which they emit serves; but
in some cases it is most destructive to the animal crea-

tion. Thus in the case of the Phallus impudicus, the
foetid cadaverous odour which it emits allures multi-
tudes of flies to light upon its cap, where they are en-
tangled by the slimy matter with which that organ is

so plentifully suppbed. In this case, it is probable that
the plant obtains some nourishment from the decay of
the flies to enable it to perfect its seeds. Similar ar-

rangements in the economy of nature have been obser-

ved to prevail in the higher orders of vegetables, as in

the Drosera rolundifolia, or common sundew, fre-

quent on our turf bogs. The I^iplanders burn some of
the Boleti about their habitations: and the smoke, as

they think, drives away a species of gadfly which is

fatal to the young rein-deer.

In respect to taste, the mushrooms present as remark-
able variations as tliey do in regard to smell. Many of
them are vapid and tasteless. Others, though by no
means unpleasant in the mouth, leave a disagreeable

roughness in the throat. Thus the Agaricus aromati-

cus yields to the tongue the agreeable coolness of pep-
permint ; but leaves on the throat a roughness which
remains for a considerable time. This is remarkably
the case with almost all the lactescent agarics.

Scarcely any two agarics agree in regard to sub-

stance. Some are replete with a watery fluid, while

others are dry and coriaceous. Some decay and wither

into a substance like leather ; whereas others either de-
liquesce into a black atramentous liquor, or are changed
into a powder easily dispersed.

The investigations of the chemist have scarcely been
extended to this tribe of vegetables, although ample en-
couragement be given, by their external properties, to

expect some new substances. When exposed to the

destructive distillation, they yield the ordinary products
of vegetables, together with a quantity of ammonia, in-

dicating the existence of some ingredients nearly rela-

ted to the animal kingdom. They leave but a scanty
residuum of charcoal ; and the earthy and saline con-
tents of the ashes have never been examined with care.

Dr Scott of Dublin was the first who detected oxalic

acid in nearly a pure form, in a young plant of Boletus
sulphureus, which he found about the middle of Au-
gust, on the trunks of an old decaying cherry tree.

Having preserved a specimen, he, after some time
found a singular crystallization on the upper surface,

and which he observed to have ruptured the investing
coats of that surface. These needle-like crystals were
formed on the fungus, in consequence of its drying on-
ly, as none were observable while it remained on the
tree. That they were pure oxalic acid, or at least

combined with a very small portion of vegetable fixed

alkali, was evident from the taste, and by the tests of
solutions of lime and barytes. This fungus, after being
freed from the saline matter, was distilled in an earthen
retort, during which a quantity of watery fluid came
over, a thick tar-like extractive matter, carbonic acid
gas, carbonated hydrogenous gas, and lastly hydroge-
nous gas. It was not observed whether azotic gas was
among the first products ; but it probably was, as the
watery fluid which came over in distillation contained
ammonia, which appeared by the odour, and the fumes
that were exhibited on holding a paper moistened with
diluted muriatic acid over a mixture of the former with
quicklime. The coaly residuum, when burnt in the
open air, afforded by lixiviation some vegetable fixed

alkali. " That the oxalic acid" (says Dr Scott) " is

produced or evolved in the course of vegetation, in

many plants of the higher ranks, is well known ; but
that it should be found in any of the fungus tribe,

(which have hitherto been supposed to produce only an
ammoniacal salt, and on that account considered as a
link between vegetables and animals,) is a curious and
I believe an isolated fact. How far the production of
oxalic acid in this fungus might depend on its place of
growth, or soil as it may be termed, I cannot say, but
it is worth while to repeat the observation on otlier

Fungi.
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Litm. Trans, vol. viii. p.Fungi, fungi similarly situated,

--r—' 262.

The odour of some of the fungi, particularly the Aga-

ricus pratensis, would dispose us to expect to find prus-

sic acid as a part of its composition ; but the experi-

ment has never been tried. We recommend it, how-
ever, to those who have leisure and favourable oppor-

tunities.

Few of the mushrooms have been subjected to a re-

gular chemical analysis. Dr Lister, so far back as

1672, published in the Philosophical Transactions, an

account of his experiments on the Agaricus piperatus.

He found it to yield a milky juice with a taste hotter

than pepper, not discoloured by exposure to the air, nor

by the blade of a knife. This juice speedily coagulated

when kept in a glass vessel, but did not lose its hot

taste. Trommsdorf (^ Ann. deC/iim.vo\. xxii.) afterwards

examined the same plant, and besides the acrid matter

which Lister had observed, and which is well known,
he found it to yield a considerable quantity ofalbumen.

It also yielded by distillation a considerable quantity of

carbonate of ammonia.
It is to Bullion la Grange that we are indebted for

the most accurate set of experiments on three kinds of

mushrooms, which may serve to give us a correct idea

ef the composition of the tribe.

The Tuber cibarimn, which we have described above,

well known in Britain by the name of tritfflcs, was gra-

ted down small, and then washed with water upon a

scarce, till the liquid ceased to carry off any thing. A
blackish fibrous matter remained upon the scarce. The
liquid let fi>ll a brown coloured matter when left at

rest. It produced no effect upon vegetable blues. The
brown deposite does not resemble starch in its proper-

ties. Water produces but little effect upon truffles.

Warm water, however, dissolves a portion, which pos-

sesses the characters of albumen.
When the plant was treated with nitric acid, a solu-

tion was accomplished ; nitrous gas, carbonic acid, and
azotic gas were disengaged ; and the solution by distil-

lation, yielded a liquor containing prussic acid. The
residual liquid yielded bitter principle, an oily matter,

and small crystals, which Bullion la Grange considered

as a combination of oxalic acid and bitter principle. He
suspected also the presence of malic acid.

Alcohol dissolves a small portion of a brown^h bit-

ter matter, which acquires the properties of resin by ex-

posure to the atmosphere. When truffles are left in the

state of a paste with water, they acquire the smell of
cheese. When mixed with sugar and water, they un-
dergo fermentation, carbonic acid is disengaged, and
alcohol formed.

When distilled, truffles are found to yield an acid li-

(juid, a black oil, carbonate of ammonia, carbonic acid,

and carbonated hydrogen. The charcoal contains mag-
nesia, phosphate of lime, iron and silica. See Ann. de
Chim. vol. xlvi.

Boletus laricis. This plant in a dry state is used on
the continent as a medicine, and sold under the name of
Agaric. It is in pieces which are white, light and fri-

able. The outer skin is leathery, and dark coloured.
Its taste is at first sweetish, but leaves a bitter and acrid
impression in the mouth. When steeped in water, it

communicates a yellowish colour and a sweetish taste to
the liquid. The infusion reddens vegetable blues ; and
holds in solutitm sulphate of potash, sulphate of lime,
and muriate of potasn.

When this substance is boiled in water, the liquid ac.
quires a gelatinous form as it cools. Evaporated to
tlryncss, and treated with liroe, the odour of ammonia

becomes perceptible. Alcohol boiled upon the boletus

acquires a red colour, and when mixed with water lets

fall a copious precipitate, which exhibits the properties

of a resin. This resin has a yellow colour, is brittle, se-

mitransparent, and has a sour and bitter taste. When
treated with lime, and the solution afterwards decom-
posed with muriatic acid, a quantity of benzoic acid is

obtained from it. From these experiments, it is evi-

dent that this substance contains resin, benzoic acid,

different salts, some extractive, and some anim.il mat-
ter, to which the gelatinous form of the decoction mnst
be ascribed.

Sulphuric acid dissolves and rapidly chars the bole-

tus. Nitric acid acts with energy, nitrous gas is disen-

gaged, and the boletus becomes brown. By continu-

ing the action of the acid, crystals of oxalic acid are ob-
tained ; malic acid is likewise formed, together with
some resin, and a substance which approaches the na-

ttire of wax in its properties. The fixed alkalies give it

a red colour, render it gelatinous, and a great quantity

of ammonia is disengaged. See Ann. de Chim. vol. li.

Boletus igniarius of British authors, is not uncom-
mon in this country on the trunks of trees. When
boiled in water, the liquid acquires a deep brown co«

lour, and a slightly astringent taste. It holds in solu«

tion sulphate of lime and muriate of potash. When
evaporated to dryness, it leaves a brown coloured ex-

tract, which attracts moisture from the atmosphere.
This substance when incinerated left a white ash, con-

taining a considerable portion of potash ; and when dis-

solved in water, exhibited by re-agents the presence of
lime and of muriatic and sulphuric acids. The residual

portion of the boletus being calcined, was found to con-
tain phosphates of lime and magnesia, and some iron.

Alcohol has scarcely any action on this boletus ; but
when assisted by heat, it dissolves a small portion of
resin. Nitric acid dissolves it readily ; malic and oxa-

lic acids are formed, and probably also a portion of bit*

ter principle, while carbonic acid and nitrous gas are

disengaged. Alkaline leys dissolve it with difficulty,

forming however a soapy liquid, and separating a small

portion of ammonia. From these experiments we learn,

that this boletus differs in many respects from the pre-

ceding. It contains much less resin, and a much smalls

er proportion of animal matter, and yields no traces of

benzoic acid. See Ann. de Chim. vol. liv.

Little more was done by chemists towards bringing

into notice the composition of mushrooms, until M.
Braconnot directed his attention to this curious tribe of

plants, and succeeded in making us acquainted with
the properties of two new combinations; to the one he
gave the name of fmigin, and the other he called boh'
lie acid. The one is represented by the solid matter of

the plants, the other constitutes the chief ingredient of

its juices.

Fungin may be obtained pure, by boiling it in a weak
alkaline solution. In that state it is whitish, soft, insi-

pid, possesses little elasticity, and readily yields to the

teeth. It would appear, that fungin thus purified may
be used as an article of food, from what mushroom so-

ever it has been obtained. The poisonous qualities of
mushrooms it would seem reside in the juices, not in

the fungin. This substance when dried bums with
considerable splendour, emitting an odour similar to

that of burning bread, and leaving behind it a white
ash. Dried ftingin, when distilled in a retort, yields

about half its weight of a liquid product, consisting

partly of a brown oil, and partly of water, holding a
good deal of ammonia in solution. It yields no acid,

which distinguishes it very much from wood. The char-
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Fling', co.il remaining; in tlie retort, amounts to rather more
^ey^ than one-tburtli of the dried fungin subjected to distil-

f*"
lation. This charcoal cxiiibited traceB of sulphureted

hydrojjen, and conteined sand, phosi)hate of lime, and

traces of carbonate of lirae, and phosphate of alumina.

Fungin does rot dissolve in alkaline solutions, in

which respect it differs essentially from lignin, which is

readily dissolved by a weak alkali ; but if fungin be

boiled in a very strong alkaline ley, it is partly dissolved,

and a saponaceous product obtained. Ammonia dis-

solves a small portion of fungin, and lets it fall again in

white flocks, when exposed to the air.

A\'cak sulphuric acid has no action on fungin ; but

when concentrated this acid chars it, and at tlie same

time sulphurous acid and vinegar are formed. Muria-

tic acid tlissolves it very slowly, and converts it into a

gelatinous matter. It is thrown down in flocks, by the

addition of potash to the acid. Chlorine passed over

dry fungin suspended in water, converts it into a yel-

low matter, having at first an acrid taste, which it gra-

dually loses by exposure to the air.

\\'hen digested in diluted nitric acid, azotic gas is

disengaged. Heated with concentrated nitric acid, it

swells and effervesces at first violently, but the action

soon subsides. When the acid is driven off, there re-

mains a liquor containing oxalate of lime, some prussic

acid, and two fatty matters, the most abundant similar

to tallow, the other to wax. By evaporating the liquid,

a considerable quantity of oxalic acid in crystals was
obtained. The mother water still contained oxalic acid,

and a portion of the bitter principle from indigo.

When fungin is steeped in an infusion of nut galls, it

imbibes a considerable portion of the tannin, and ac-

quires a fawn colour. When left to putrefy spontane-

ously in water, it emitted first the odour of putrefying

gluten, then that of putrid meat. Neither acid nor am-
monia was found in the water ; but it contained a por-

tion of mucilage, which gave it viscosity, and the pro-

perty of precipitating with acetate of lead. The fun-

gin itself assumed the aspect of gluten, without how-
ever possessing its properties.

The other substance which we have to notice is the

liolelic acid, which M. Braconnot obtained from the

juice of the Boletus pseudo igniarius, by the following

process. The juice was boiled, filtered, and evaporated

cautiously to the consistence of a syrup. This syrup

was repeatedly digested in alcohol, the insoluble portion

was dissolved in water, and precipitated by nitrate of

lead. The white precipitate tiuis obtained was mixed
with water, and decomposed by sulphureted hydrogen
gas. The water being now evaporatetl, yields nume-
rous crystals, which constitute boletic acid, the proper-

ties of which are as follow :

When purified by solution in alcohol and crystalliza-

tion, it is white, not altered by exposure to the air, and
consists in irregular four-sided prisms. Its taste is si-

milar to that of tartar. It requires 1 80 times its weight
of water to dissolve it at the temperature of 68°. It is

soluble in 45 times its weight of alcohol.

The aqueous solution reddens vegetable blues. Ni-
trate of lead occasions a precipitate in it, which is redis-

solved by agitation. It precipitates the red oxide of
iron completely from its solutions in the foi-m of rust

coloured flocks ; but it does not throw down the black
oxide of this metal. It precipitates nitrate of silver in

the state of a white powder, which is soluble in nitric

acid. Nitrate of mercury is precipitated in the same
state, but the solution dissolves with difficulty in nitric

acid. Neither lime nor barytes water produce any ef-

3

feet upon the aqueous solution of this acid. When bo-
letic acid is heated, it rises in white vapours, which ir-

ritate the throat, and condense on surrounding botlies

in the form of a farinaceous powder. When distilled,

the greatest part of it sublimes unaltered, excepting that

it uf\erwards crystallizes more regularly. At the same
time a little liquid appears, having a strong Kmell of
acetic acid.

Bolelale nfammonia, is a salt which crystallines in

flat four-si(led prisms, and is soluble in 2Ci times its

weight of water at the temperature of 68". Its taste is

cooling, saline, and somewhat sharp. When heated it

melts, swells, and sublimes. It precipitates red oxide
of iron ; but does not alter sulphates of lime, alumina,

or manganese. It slowly precipitates nitrate of copper
in blue silky needles. Bnlctatc nfpnlash is very solu-

ble in water, and crystallizes with difficulty. Acids pre-

cipitate the boletic acid from it. When boletic acid is

heste<l with carbonate of lime, it dissolves it with effer-

vescence. The holetate of lime crystallizes in flat four-

sided prisms. This salt has little taste, and requires at

least 1 1 times its weight of water, at the temperature
of 72.5°, to dissolve it. It is decomposed by oxalic and
sulphuric acids. Boletate of baryten is an acidulous salt

in white plates, little soluble in water or nitric acid.

When thrown on a red hot iron it bums rapidly, with a.

red flame and striking scintillations, leaving for residue

carbonate of barytes. When boletic acid is heated with
iron filings and water, hydrogen gas is emitted, and a
yellow liquor is obtained with an inky taste. See Ann.
de Chim. vol. Ixxx.

From the preceding account of the composition of
mushrooms, it must strike the most careless reader,that

in their nature the fungi hold a middle rank between
animals and vegetables, or, in other words, that they
partake of the nature of both. It was necessary to be
acquainted with this circumstance, before noticing an
opinion concerning the animal nature of mushrooms,
which has been sanctioned by the authority of \ety re-

spectable names.
It is well known that the loophytes, or the variou*

kinds of corals, and corallines, and sponges, were, by
the older botanists, considered as belonging to the ve-

getable kingdom. Scarcely had the conjectures of Peys-
sonell been rendered probable by Trembley, and de-
monstrated as true by that ornament of our country
Ellis, and tlie animal nature of those bodies establish-

ed, than botanists began to suspect, that they were sway-
ing the sceptre over tribes which were aliens in their

kingdom. The zoophytes were thus removed from
them, and they anticipateil a still fartlier reduction of
their subjects, in consequence of the mixed nature of
the fungi. A circumstance now took place in botani-

cal opinion, which we have often witnessed happen to

other creeds. Destroy the validity of one tenet, and
you pave the way for suspicions as to the soundness of
the remainder. One class of bodies formerly consider-

ed as plants, were now demonstrated to be of an ani-

mal nature ; and, led away by false or imperfect ana-

logies, other tribes of reputed vegetables were consider-

ed as having equally strong claimj to advaiicement in

the scale of tieing. In particular, the fungi were consi-

dered as having so near a resemblance to the zoophytes in

many respects, that Butner, Weiss, Muller, and Scopoli,

gave it as their opinion, that they possessed animality.

This opinion has been generally rejected by botanists,

as well as by zoologists. We pretend not to decide the

important question ; but we venture to assert, that the

claims of the fungi (many of them at least) to rank a«

Pnnni
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Fungi, zoophytes, have never been substantially invalidated,

^^"V^ and we deem it an act of justice to state these claims.

By the aid of chemistry, the composition of the fungi

has in part been ascertained. The existence of albu-

men has been demonstrated, and in their ashes the phos-

phoric salts seem to prevail. When burnt, they emit

the odour of burnt animal matter, and ammonia is dis-

engaged. When they decay, they emit a fetid cadave-

rous scent, unlike the putrescent remains of any other

tribe of vegetable. Hence it is that in the last stages

of their existence they are fed upon by those insects,

which at other times resort to putrid carcases. These
are points of resemblance which we consider as very re-

markable. They lead us not to any positive general

conclusion, although well calculated to raise curiosity,

and excite suspicion. But we have even more to say

upon this subject. In form and appearance, the resem-
blance between some of the zoophytes and the fungi is

complete. Compare, for example, the figure of the
" Mucor botrytes" of Sowerby, tab. 359, with the " Co-
rallina omnium minima, vesiculis nunc ramorum, nunc
racematum, dense dispositis" of Ellis : Coral, tab. 13. no.

22. B. So closely do they agree in form, that one draw-
ing may serve for both. Who is there acquainted with
both classes of beings, that does not perceive a resem-
blance between the PezizaD and the cup-shaped sponges,

and the Boleti and Milieporae I But to conclude ; upon
what claim is the genus Corallina admitted to rank as a
zoophyte? Its calcareous substance causes it to approach
the millepores, and upon this ground it ranks with the
zoophytes. Why is a sponge placed in the animal king-
dom ? It contains albumen, so do the fungi ; when
burnt it exhales an ammoniacal odour, so do the fungi.

In short, the points of resemblance are so numerous,
that the opinion of the animal nature of mushrooms,
though not proven, is still plausible. Nature employs
the zoophytes as the connecting link on the one side,

and the fungi on the other, for the purpose of forming
a union between the two kingdoms ; but it is impossi-
ble for us to ascertain with accuracy, the precise point
where animal life ends, and where vegetable life begins.
There is probably no such point, both kingdoms being
merely parts of one great whole.

Uses of flie It now remains that we consider the uses to which
fungi. the plants of this tribe have been applied, and the im-

portant purposes which they serve in the economy of
nature.

The Boletus igniarius of Withering has been highly
recommended as a styptic, and various trials of its effi-

cacy have been made, both in Britain and on the conti-
nent. It is beaten out into soft square pieces, and is well
known to. surgeons by the name of Agaric, or Agaric of
the oak. It has been much celebrated for stopping the
bleeding of arteries in amputations and wounds. But
It has by no means proved so successful as Brossard and
some of its admirers anticipated.

An excellent touch-wood is made from the same
fungus, in Germany. The upper rind is first pared off;

it is then boiled in a solution of saltpetre, and after-
wards dried and pounded with a hammer ; it is then
boiled a second time in the same solution, and, after
being dried, it is fit for use.

But the same Boletus is employed in a still more ex-
traordinary way in Franconia. In that circle of Ger-
many, as we are informed by Gleditsch, the inhabitants
beat this fungus into square pieces, which resemble the
softest leather, and sew them together in a curious
manner into gai-ments.

The Agaricus muscarius has been applied to as many
useful purposes nearly as the touchwood Boletus. In

^

Kamtschatka, the inhabitants prepare a liquor from
an infusion of this agaric, and the runners of the Epilo-

bium angustifolium, which, taken in a small quantity,

exhilarates the spirits, but in a larger doze brings on
trembling of the nerves, intoxication, delirium and me-
lancholy. When mixed with milk, it kills flies, ac-

cording to Linnaeus ; and the same author also tells us,

that the expressed juice rubbed on walls and bedsteads,

effectually expels bugs. T he same plant administered
in dozes of from ten to thirty grains in vinegar, is pre-

scribed by Swediaur in cases of epilepsy and palsy,

subsequent to the drying up of eruptions. It is also

recommended to be sprinkled in powder on bad ulcers

and gangrenes.

There is a species of Boletus termed by Linnaeus
suaveolens, which, as that author informs us, the Lap-
land beaux carry in their pouches by way of perfume,
and to render their persons agreeable to their mistresses.

It is strange that among so simple a people, such a
recommendation should be found necessary, and it is

equally surprfsing that a mushroom in a lover's pouch
should secure success.

Mr Sowerby, in his Preface to the British Fungi, af-

ter stating the uses to- which this tribe of plants has
been applied, has the following observations : " The
Lycoperdons afford, in their ripe state, different browns,
very copiously, in a fine impalpable powder, fit for im-
mediate drawing, when mixed with a little gum ara-

ble water. I intend, when I figure some of tiie Lyco-
perdons, to use their own powder to represent itself."

This pledge he has redeemed in the case of the Leuco-
gala argcntia, tab. 272. the lowermost figure of that

plate being coloured with the powder of the plant it-

self.

The fumes of the Lycoperdon proteus, when burnt,

have a narcotic quality, and hence they are sometimes
employed to produce stupor in bees, in order to obtain

the honey without destroying the hive.

These are a few of the uses to which this tribe of
plants has been applied. Some of them may excite a
sneer, while others will provoke a smile. The time
may come when the fungi shall hold a more conspicu-

ous place among the useful vegetables than they now
occupy. Not above half a dozen of species have as

yet been chemically examined. Yet these analyses have

brought to light several important facts, and even fur-

nished us with two new vegetable principles. The his-

tory of the one may throw some light upon their re-

spective merits as articles of human food, while the

other appears to furnish the chemist with a new instru-

ment of analysis.

Mushrooms have long been employed as articles of

human food, and as the basis of several sauces. In

this country, a very few species only are made use of^

but on the continent very many kinds are employ-

ed. By the Russians in particular, few are rejected.

Even the most acrid and suspicious of the whole
tribe, as the Agaricus piperatus, is eaten in great quan-
tity. Nay, so fond are they of this mushroom, which
in this country is deemed poisonous, that they fill

large vessels with it in the autumn season, or pickle it

with salt, and reserve it for winter food. The kinds

which are held in the highest estimation are, however,

few in number. The truffle seems to hold a most con-

spicuous place in the estimation of the epicure. It is

found from two inches to two feet under the surface.

It is chiefly found in a light sandy soil, although it also
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inhabits rich )oam, i-,)eii pai>tHre grtnind, and wootls of
' oak iukI chesnut. Its sci-nt is so peiielratitiff, that (logs

ajul swine smell it at a distance. The former of these

animals are taught to hunt it out, and when they come
to the place, they hark a little, and l)ojjin to scratch up

the earth with their feet. Sometimes the herda atten-

tively watch the swine when rutting up the ground,

and deprive them of their Jiar<l-earned morsel by appro-

priating it to tliemselves. Truffles are found in various

pai-ts ot' England and Scotland. They are regularly

sold in Covent Garden market, and are principally

eiuployetl to thicken soups and sauces, and to give them
a fine flavour. Morels are used for the same purpose,

and are reckoned but little inferior.

But the most cwiimon mushroom in use at our tables,

is the Agaricus campeslris. In this species the cap is

white, changing to a brown when old, and becoming
scurfy ; regularly convex, with the margin inflected,

becoming flat with age. Flesh white, firm, and solid.

The stem is short, white, and solid, nearly cylindrical,

about a finger thick, and surrounded with a membra-
naceous ring, the remains of the curtain which at first

covers the gills. The gills are loose, pinky red, chan-

ging with age into a liver colour, in contact with

but not united to the stem ; very thick set, irregu-

lar in disposition, some forked near the stem, some
next the edge of the pileus, some at both ends, and
generally in that case excluding the intermediate smal-

ler gills. They differ very much in size, the head
varying from two to nine inches in diameter. It is

principally found in rich dry old pastures, where the

turf lias not been ploughed up for many years. In

such situations it may be found in abundance during
the months of August and September, of a much finer

flavour, and firmer in the flesh than those which are

raised by gardeners. Several other agarics are also in

use, as the Oreadex, which is rather tough, but of a

fine flavour ; the Mouceron, which is held in very high
estimation in France ; the Delicinsus, which the an-

cient Romans esteemed as one of the greatest luxuries

of the table, and which is still brought to the markets
of Italy for sale : it occurs also in this country^ but is

here seldom employed.
These mushrooms are either eaten while fresh, stew,

ed or boiled, or preserved when pickled or pulverised.

For these purposes, both the skin, the gills, and the stem
are taken away, and the fleshy part which remains,

termed the button, is employed. When sprinkled with
«alt, and allowed to remain for some time, a consider-

able quantity of juice is obtained, which, when boiled

up witli various kinds of spiceries, forms the well
known sauce called ketchup. This sauce is often very
successfully counterfeited with bullock's liver, which is

said to produce a liquor equally savoury and agreeable,

at least in stews.

!ie which Since these vegetable bodies are in such request, we
r iuccs need not be surprised to find, in books of gardening,
.ibiounu. various directions concerning the culture of mushrooms.

The most simple and easy method of raising these cu-
rious productions is mentioned in the Trans. Swtdish
Acad. 1 797, where we are informed that there is a stone
used in Italy for producing mushrooms, by keeping it

moistened with water in a cellar. There appear to be
two kinds of it ; one found in the chalk hills near
Naples, resembling a white stalactite, intermixed with
fine roots of shrubs ; the other is a hardened turf from
some volcanic mountains near Florence. This loses by
calcination about 15 per cent and the residuum gives

VOL. X. PART I.

.46 silica, .23 alumina, .07 limC, .20 oxide of iron, with Vvj>f^

some traces of magnesia and jKitash. To render these "^^"Y"^^

stones more productive, and prevent their quality of

producing nmshrooms from being exhausted, it i» ne-

cessary, we are told, to water them with water in which
mushrooms have been wa.shed! thus furnishing them, no
doubt, with a store of the minute seeds of the plant.

Gardeners contrive other methods of propagating Metliod of

mushrooms, so as to produce them at all seasons of the „"u"h"^„
year. Theseplants do not require light during their vege-

j,eds.

tation, so that they may be raised on beds made on pur-

pose', within doors, under sheds, in lofts, stables, or cel-

lars. These beds should be made of the l)est warm stable

dung, which ought to be first mixed up in a heap, that the

whole may ferment together equally ; and after the first

great heat \^ over, it may then be employed in the for-

mation of the bed. But before proceeding to this pait of

the process, it is necessary to obtain a sufficient quantity

of good mushroom spawn, as it is called. The nalural

spawn, as it is termed, and ^vhich consists of white

fibrous radicles, is frequently found in the dung of old

cucumber or melon be<ls ; it is also often to be met with=

in old heaps of horse dung, which have lain for two or

thj'ee months. It is frequently to be found in pasture

grounds, in stable yards, and in mill tracks. In all

these situations it is in lumps of dry rotten dimg or

mould, of a white fibrous substance, and possessing the

smell of a mushroom. Such spawn is sold by the mar-
ket gardeners, and may be conveyed with safety to

any distance. Having obtained a supply of spawn,
the next part of the process is to prepare the bed.

Choose a dry lying place, and having levelled the sur-

face, make the fermented dung into a bed from '.i to 4'

feet in height, and let the whole be finished in the form
of the ridge of a house, 'i'he dung in this case must
not be too closely pressed, and it must remain for a
fortnight or three weeks before the spawn is put in, or
until the heat is become quite moderate. If the spawn
is put in when the bed is in its warmest state of fer-

mentation, it would be entirely destroyed. When the
bed has been brought into a proper state, let the spawn,
be divided into small lumps, and plant it in rows
lengthwise of the bed, observing to begin the first row
within about five or six inches of the bottom. Plant
the spawn immediately under the surface of the dung
in lines six inches distant, and leave the same space be-

tween the pieces in the rows. When this is done, let

the surface of the bed be made smooth, and then let

every part of the bed, from the bottom upward, be co-

vered with some rich dry earth, about an inch and a
half thick, making the surface smooth with the spade.

When this is done, let the whole be covered with clean

dry straw, & foot thick at least, to keep out the wet and
cold. Such a bed, with proper care, will begin to pro-

duce mushrooms in five or six weeks, and will continue

bearing for several months.
This mode of culture supposes that you have pro-

cured roots of the plants which you wish to cultivate

;

but, according to other methods, the use of this spawn
is superseded, the seeds of the mushroom seeming to

be everywhere, and merely requiring favourable cir-

cumstances to ensure their germination. According to

this last method, a floor is laid of ashes or bricks, so as

to keep the bed quite dry, and free from under damp.
Upon this place a layer of horse droppings, six inches-

thick. These should be new from the stable, and must
not be broken, and the drier they are so much the bet-

ter. They may be collected every day, until th« whole
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Fungi floor be covered to the above thickness ; but they must

^"-^'"•^ not be allowt'd to ferment or heat. During the forma-
Method of

^.j^^, ^j- jj^g j^g^^ jj^g materials should be as much ex-

mushrMm P"*'^'^
*" ^^^ '^" ^^ possible ;

and if out of doors it should

beds. be defended from rain When this first course is quite

dry, and judged to be past a state of fermentation, cover

it to the thickness of two inches with light dry earth,

if sandy so much the better The use of the earth here

is for the spawn to run in. After this lay another

course ofdroppings, and earth them over as above, when
past a state of fermentation ; then a third course, which

in like manner earth over. This finishes the bed,

which will be a very strong and productive one if pro-

perly managed afterwards. But the tyro in gardening

will naturally enquire from whence tlie plants are to

spring in this bed. Where is the seed i" The seeds

, are contained in the droppings of horses, which have

been employed. These produce mushrooms more plen-

tifully, and with greater certainty, than the dung of

other" animals. The digestive organs of horses seem to

have less power to hurt the vegetative quality of these

seeds, which must be collected along with their food,

than the stomachs of other animals. Or it may be that

the dung of horses is a better nidus for the seeds than

other dungs, and that these seeds are very widely dif-

fused. The droppings of hard fed horses only are useful.

Those of horses fed with green food will of them-

selves produce few or no mushrooms. Hence the dung
of carriage or saddle horses, fed entirely on corn and

hay, is generally the most productive.

Whether the bed be in the open air or in a house, it

must not be watered until the spawn begins to rvn.

This may be known by thrusting in the hand into the

bed a few inches deep, and examining the state of that

which is brought up. It ought to smell exactly like

mushrooms, and have the appearance of small bits of

thread. But generally you will be forewarned of the

spawn running, by a previous crop of spurious fungi,

which rise more or less abundantly according to the

fineness or grossness of the materials of which the bed
is composed. These fungi have all a nauseous sickly

smell ; and although some of them belong to the genus
Agaricus, they do not possess those salmon-coloured

gills which characterise the cultivated species. When
it is thus ascertained tliat the spawn is fully formed,
give the bed two or three hearty waterings, in order to

set it a growing, for otherwise it will lie dormant, and
show no symptoms of vegetation. But beware not to

damp the bed too much, as thereby the growth of the

spawn would be greatly retarded. If a few old mush-
rooms be previously steeped and broken in the water,

j'ou fow innumerable seed at the time of watering,

and thus ensure future crops.

When the bed is in full perfection, it should be ex-

amined two cr three times a week to gather tlie pro-
duce, turning off the straw covering very carefully.

Two methods are recommended by gardeners to be ob-
served in collecting the mushrooms. According to the
first, they are to be detached clean to the bottom by a

gentle twist, as if the stmnp is left, it is apt to become
maggoty, and infect the rest of the bed. According
to • lie opinion of other gardeners, they ought never to

be pulled, but always cut; as by pulling, many young
ones might be destroyed, there being always a niunber
of tliese forming or clustering about the roots of the
old ones, which should not be disturbed. If the spawn
be deeply situated in the beds, nuishrocTOs will often
form and come to maturity entirely under the ground.
J"hey may be easily recognised, however, as they are

generally large, and push up smkll hills above their Fur

heads. ^""^v

Mushrooms, although eagerly sought after by many, ^y^ ,

^

are by no means a nourishing article of food. Their „( ,„y^j,

fibres are tough, and very difficult to digest, swelling rooms as

in the stomach like a sponge ; and there are instances aliment,

on record of their remaining three days in that organ
in an undigested state. So indigestible are some of the

Boleti, for example, that they have been found as be-

zoars in the intestines of some of the inferior animals.

Thus the Boletus igniarius has occurred disposed in

layers, and cemented by an animal matter. {Aim dc

Mns. d'Hist. Nat. iv. 335.) But it would be fortunate

if no objections could be urged against their being used
in diet, but those which arise from their coriaceous in-

digestible nature, and their want of nourishing par-

ticles. All of them are a doubtful and suspicions food,

and the most innocent of them have often proved pre-
judicial, nay poisonov.i.

It would be desirable if we coidd draw the line of
distinction between the harmless and the noxious. But
neither the eye of the botanist, nor the laboratory of
the chemist, can render us assistance. No reliance can
be placed on either taste, smell, or colour. The quali-

ties of the same species are different when the plant

grows in wet ground, from what they are when it ob-
tains a dry situation. The same species is .sometimes

innocent when young, but noxious when old. From
these considerations it has even been recommended, and
with much propriety, to erase their names from the

list of aliments. Not a year passes in which instan-

ces do not occur of the deleterious effects of mush-
rooms. The newspapers abound with such, ajid yet

these warnings are not sufficient to deter the inexpe-

rienced from using them. The reason is obvious ; they

hear that some kinds are in common use at the tables of

the great ; and trusting to colour and shape, they too

often gather the hurtful in place of the harmless.

The effects produced upon the constitution by the use

of the noxious kinds, are of the most alarming nature.

In cows and other cattle, they have been known to

create bloody urine, nauseous milk, swellings of the

abdomen, inflammations in the bowels, stopp,?ges, diar-

rhoeas, and death. In sheep, they bring on a scirrhous

liver, a cough, a general wasting, and dropsy. In
men, nearly the same symptoms have appeared, with
vomitings, fainting, trembling, and death. In such

cases, when persons have unhappily eaten deleterious

kinds, vomiting ought to be excited as speedily as pos-

sible, and gentle laxatives administered ; and after the

first evacuation, a drachm of sulphuric ether, in a glass

of water of marshmallows, may be given.

Some few attempts have been made for the purpose

of ascertaining whether the poisonous matter resides in

the substance or in the juice of the mushroom. M.
Parmentier, in order to determine the matter, took some
mushrooms of the deleterious kind, and distilled them
with water in an alembic. The water which came over

into the receiver was administered to a dog, without

producing on the animal any visible effects. Having r

emptied the contents of the alembic in a vessel, and
mixed with some food to disguise them, he adminis-

tered tliese to a dog ; but the residue differed widely

in qualit}' from the condensed v.ipour, for the poor ani-

mal expired in a few hours after. The same author

informs us, that having administered some poisonous

mushrooms along with some food to a dog, he observed

the following symptoms : The dog first began to shew
symptoms of uneasiness and stupidity, afterwurtb it
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vomited up the food and mushrooms which it had swal-

lowed. Atler a short intervnl, it again hefjan to vomit,

and emitted a thick viscous matter. This continued un-

til the death of the animal, whii-li happened soon after.

Upon openinjj up the stomach and intestines of the dog,

no appearances of corrosion presented themselves, the

inflammatory symptoms were merely those which might
have arisen from violent vomiting.

The fungi often appear as the formidable enemies of

man, in his fields, his gardens, and his houses. The dis-

eases called the blight and the smut are, as already noti-

ced, I)oth cause<l by parasitical fungi, whose history de-

serves to be attentively studied by every farmer. These
little plants destroy the leaves, the stem, and the ear, and
produce tlie most dismal havoc in the fields. No remedy
nas been discovered to imjiede or remove the disorder

after it has once made its appciU-iuice. The pickling of

the seed before sowing it, with salt, quicklime, or urine,

and the frequent change of seed from diderent places,

are tlie only known, though not always efficacious, pre-

ventives.

The parasitical fungi sometimes attack fruit trees.

One species is figured by Mr .Sowerby, tab. 379. as in-

festing the apple-tree leaves, covering them with a very
fine white powder, with dark brown particles, scarcely

visible to the naked eye. The form of these particles

is soiuewhat ovate, but irregular. Mr Knight observes,

tliat on shaking a leaf over a plate of glass, he detected
little oval bodies, which shrivelled a little in drying.

Some of these were transferred to other trees, and the

disorder along with each, every one producing its own
species.

The dry rot is another of those evils which have been
supposed to be occasioned by a parasitical fungus of the
genus Boletus. It is not our intention in this place to

endeavour to ascertain the point, whether the fungus is

the cause or the consequeixie of the disease, although
we are rather inclined to suspect that decomposition has
comnienced before the fiuigiw begins to grow. That
tl>c fungus may aid the process of destruction, we can
easily suppose ; but we also believe tiiat wood in a
fresh sound state would offer but a bad soil for the ger-
mination of such parasites.

Tlie fungi serve several important purposes in the
economy of nature. They accelerate the process of
dissolution, by converting the woody fibre of dead trees

and branches into a softer and more deliquescent sub-
stance. They supply with a grateful food many in-

.secfs which feed upon them, and even hatch their young
in tliem. And lastly, they furnish, by their uncommon
forms, an agreeable variety to the eye of the botanist,

when contemplating the scenery of the vegetable, king-
don>, and lead him to adore that Being who is exhi-
bited in all his works as powerful, kind, and wise.

In Plate LXXV. the reader will find figures of the
four following species

:

. Agaricus campestris, or common mushroom.
Phallus esculentus, or morel.
Tuber cibarium, or truffle.

APPENDIX.

HYPOXYLA.

This order of the class Cryptogamia was first em-
ployed by Lamarck and Decandolle, in their arrange-

ment of the native plants of France. It seems to con-
nect the Fungi with the Lichenes, and consists of plants
which have many of the characters of both these or-
ders. The Hypoxyla are either of a coriaceous or cor-
neous texture, or resemble cork in consistence. The-
receptacles, which are almost always of a black colour,
sometimes comprehend the whole plant ; in other in-

stances they are inserted upon a stem, which is straight,

solid, filamentous, or pulverulent. Whatever be their
position, these receptacles are rounded or oblong, open
at the summit by having a pore or slit, and filled with
a mucilaginous pulp, which is more or less evident in
some shape, until the period of maturity. This pulp
encloses the seeds. Some species present here and
there parcels of white fugaceous powder, which many
naturalists consider as the male organs of the plant.

The plants of tliis order are chiefly found on the
trunks of trees ; some of them grow upon decaying
leaves ; and a small number have been observed on
rocks, and on the ground. Unlike the more perfect
plants, many species of this order give out no oxygen
when exposed to the rays of the sun under water. In
such circumstances, however, there are a few which
yield hydrogen gas.

This order is naturally divided into two tribes, ac-
cording as the mucilaginous pulp issues from tlie re-

ceptacle in an obvious or insensible manner. The first

of these approachi'S the fungi in appearance and con-
sistence ; the second intimates its relation to the lichens,

by the pulverulent base which surromids the recepta-
cle. It is not our intention, in presenting our readers
with an account of this order, to describe all the spe-
cies which it embraces, but merely to enumerate the
characters of the genera. Under each genus there will

be found the description of one species at least, for the
purpose of illustrating the characters upon which it is

founded.

TRIBE I. Ill this tribe the seed-hearing pulp obvi-
ousltj issuesfrom the receptacle tnhen t/ie plant )tas arri'

ved at ?Haiurili/.

Genus I. Rhizomorpha. This genus, which was
instituted by Rothes, consists of plants having a recepta-
cle nearly globular and persistent, opening at the sum-
mit by an indistinct oriKce, attached in the form of tu-
bercles, to a stem which is simple or br.mclied, and •

spongy within.

RIdzomurpha frag'dis. Clavaria phosphorea of Sow-
erby 's British Fungi, tab. 100. The bark of this spe-
cies is black, brittle, glabrous, and shining ; the inside is -

white and spongy. The stem is cylindrical, when it

grows exposed to the air; but compressed when it creeps
in the crevices of woo<l. It pushes forth a number of
branches, whicli frequently anastamose. The fructifica-

tion, which is but rarely seen, consists of tubercles scat-

tered or in groups, spherical, black, a little shagreeneil,

ending in an orifice which can scarcely be perceived.

These tubercles are filled with a black pulp containing
the seeds. This plant grows in subterraneous place*,

in the hollows of trees, in the chinks of wood, and be-
tween the wood and the bark. In some instances it

has been observed to emit a phosplioric light, when
fresh, at the ends of the shoots.

Genus II. Sph.-ehia. This genus consists of plants
which present one or more os.scous rounded receptacles,

opening at the top by an orifice usually of a lengthen-
ed shape, solitary, clustered, or inserted upon a cork-
like stalk, filled with a mucilaginous substance, con-
taining the seeds, and. which issues by the orifice pf

HffoxyU
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*lypo»yl*' ^^ receptacle. Ahnost all the species 6fthis genus are

^""Y"*^ of a black colour, and of a compact consistence ; a few
are red and fleshy. Several species, previous to the open-
ing of the cells, exhibit a white fugacious powder,
which has been accurately observed by Hoffman, Tode,
and Btilliard, and wiiich many naturalists consider as

the male organs of the plant. Almost all the species

of this genus, especially those which have no stems,

grow under the epidermis of living trees, or decaying
leaves, which they pierce at the time of the dispersion

of the seeds. The genus is divided into the following

sections.

Sect. 1. Capsules supported on a lengthenedJleshy

or cork-like base. {Hypoxi/lon of Jussiexi.) Sphsena
digitata. Sower, tab. 69. This plant commences its

growth very early in the spring, and continues

through the summer, ripening its capsules in au-

tumn annually. Though at first somewhat pointed,

and covered with a whitish dust or farina, as it advan-
ces it assumes a more conical form, and the farina is

more on the top. It finally becomes blunter, and the

head is covered with spherules copiously discharging
a black soot-like powder. Tlie inner substance is

very white and solid, the fibres diverging from the

centre upwards, and in breaking form a diverging
cone. This plant, when exposed to the action of the

8un under water, gives out air which contains seventy
per cent, of hydrogen gas.

Sect. II. Capsules placed upon an exposed base more
or less apparent. Spliwria concentrica, Sower, tab. 1 60.
The general shape of this curious parasite is hemisphe-
rical, though often very uneven. It forms whitish fa-

rinaceous threads, and black spherules in alternate or-

der around the whole surface, which having fructified,

remain in striae, concentrating from the root or base.

The white threads destitute of farina becoming greyer,
and the appearance of capsules in the black stria* be-
ing totally lost, give it the exact resemblance of the
grain of the wood in some charcoal. This plant is

found on ash, hornbeam, willow, and other trees, and
often grows to three inches diameter, in some situa-

tions continuing to gi-ow many months.
Sect. 3. Capsules not united by a common receptacle,

but joined the one to the other in bundles or clusters.

Spharia coronala, Hoffm. Crypt, i. p. 26. tab. 5. f. 2.

This species presents five or six cells disposed in a cir-

cular ring, black, somewhat globular, of the size of a
pin head ; their openings are lengthened, cylindrical,

and inclined in such a manner as to unite at the sum-
mit. These cells are placed in the bark ; their orifices

pierce the epidermis, and appear a little on the outside.

This species grows upon the birch.

Sect. 4. Capsules distinct, approaching, or solitary,

Sphceria gnomon, Sower, tab. 373. fig. 6.^ This species
is found at the beginning of spring upon the leaves of
the hazel tree, forming, in general, rounded or annular
patches. The capsules are distinct from one another.

On the upper part of the leaf, a black somewhat con-
vex tubercle may be perceived, beneath are found
lengthened blackened knobs ; a concave orifice may be
observed at tlieir summit, furnished with a bristle re-
sembling a style.

Genus III. N^maspora. The plants of this genus
differ from those of the preceding, in consequence of
the fertile pulp containing the capside issuing from the
orifice of a semi-compact consistence, and lengthening
out into a capillary appendage, soluble in water.

Ncemaapoia cr.rpina. Sower, tab. 376. This is not
uncommon on the hornbcan ; the spherules are lodged

under the bark, and «re compressed, irregular, and Hypoityli.

waxy, and tiirowing out black twisted tendrils ; after- """"V
wards they become brittle, and like charcoal.

Genus IV. Xvi.oma. The capsules are hard, of va-
rious forms, filled with fleshy jelly ; they remain firm,

and burst in different places to allow the escape of the

jelly. The plants of this genus grow upon dead or

living leaves, where they form black and fi-equently

bright spots. They prefer the upper surface of the

leaves, while the greater number of the parasitical fungi

which grow upon living leaves, prefer the under «ur-»

face.

Xyloma punctatum. Every one is acquainted with
the appearance of this plant. It grows upon the up-
per surface of the common sycamore, in the form of
black patches, approaching to a circular form. It con-

sists at first of rounded distinct wrinkled fiat points.

Genus V. Hvpoderma. The plants of this genus
have an oblong receptacle opening by a longitudinal

slit, and emitting a substance, which is nearly pulveru-

lent, containing the seeds. They differ from the plants

of the last genus in aspect, and by the oblong slit of

the receptacle.

Hypoderma quercinum. Sower, tab. 373. 3. This plant

is frequent on the dried branches of the oak in length-

ened spots, waved, and for the most part transverse.

When the seeds are about to be dispersed, the epider-

mis of the bark opens, and the capsule splits in the same
direction, affording a passage to tlie seeds, and vanish-

ing itself soon after : the seeds are black.

TRIBE II. In this tribe, the seed hearing pulp re-

mains in the receptacle, or escapes in a gradual and in-

sensible manner. The former tribe connects the hy-
poxyla with the fungi, and this tribe establishes their

relation to tlie lichens.

Genus VI. Hysterium. The receptacle is oblong,

and opens by a longitudinal slit. It encloses the seeds,

which are enveloped in a gelatinous liquor, thus form-

ing a capsule constituting the whole plant. The hys-

teria live on fallen trunks, and not under the epider-

mis.

Hysterium pulicare. Lichen marmoreus of English

Bot. 739- This plant presents convex tubercles, which
are black, compact, oblong or rounded, opening at the

top by a longitudinal slit. It grows in groups on the

bark of the oak, and various other trees.

Genus VII. Opegrapha. The receptacles of this ge-

nus are linear, sessile, simple or branched, marked above

by a longitudinal slit containing the seeds. These are

situated in an interrupted crust. This genus, named
and characterised by Humboldt and Persoon, consists

of numerous species, confounded under the names
Lichen rugosus and scriptus of Linnaeus. Some ofthe

species grow upon trees, others upon stones. In all of
them the receptacles are black.

Opegrapha denigrata, E. Bot. 1753. The ci"ust is

white, and sometimes so thin that one would be disposed

to consider it a simple alteration ofthe colour ofthe epi-

dermis of the bark. The receptacles are black, often

shining, waved, simple or branched, prominent, mark-
ed by a distinct groove, clustered in rounded spots.

Common on the oak and various other trees.

Genus VIII. Verrucaria. The plants of this ge-

nus have a thin crust, bearing the receptacles some-

times buried in it, sometimes prominent, somewhat
globular, closed at first, afterwards pierced by a pore

at the summit. They differ from the former genus in

the receptacles opening by a rounded pore, ana not by
4
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HjTo^y'n- a longitnilinal pjoovp; These, in all the species of the
""^."^^ pemis, are of a black colour. Some prow on wood, or

the bark of trees, while others prefer rocks or walls.

They are arraiigeid with the lichens by different au-

thors.

Verrucaria san^iiinutaria, E. Bot. 1 55. The crust is

ash-colo»ired, with a tinge of green, granular, wrinkled,

thin, and irregular. The receptacles are scattered, he-

mispherical, black on the outisde, bright red within.

When magnified, a small pore may be observed at the

summit of the receptacles.

Genus IX. Pertusaria. The plants of this genus

have an indistinct crust supporting their receptacles,

which are pierced by many pores, corresponding to as

many internal capsules ; the pores sometimes unite,

and form an irregular cup during the old age of the

plant. They differ from the preceding genus in aspect, HypoxyU

in the numljerof capsules, and in the receptacles being '^'"y^^

of the same colour with the crust.

Pertusaria communis. Lichen pertusus of En. Bot.

677. The crust is smooth, of a greenish ash colour

when moist, cinereous when dry, and covered with nu-
merous, crowded, smooth, angular warts, of the same
colour as the crust. Upon the head of each wart are

small black impressed punctures, from one to ten in

number, as if made with the point of a pin, under
each of which punctures, if the wart be cut transverse-

ly, will be found a hollow, spherical cell. In the old

specimens, the punctures open of themselves, and dis-

cover the cell. It is found on the trunks of trees, and
also upon rocks.

FUR
FUNGUS. See Surgery.
FUR. See Darfur.
FUR Trade. See Prltry.

' FURNACE is the name given to an apparatus, which

consists of a certain cavity containing combustible mat-

ter, with various means of supplying it with air to ef-

fect its combustion.

Furnaces may be divided into two general classes,

viz. wind or air furnaces, and blast furnaces. In the

first of these, the air is induced to pass through the fire

by the draught of a funnel or chimney communicating

with it. In the second, the air is supplied by the ac-

tion of bellows, or other pneumatic apparatus. The
term furnace, however, is more particularly applied to

such as are used in the manufactures for the fusion and

calcination of substances, and in the laboratory of the

chemist.

The most simple and effective air furnace, would con-

sist of a plain prismatic or cylindric column, the interi-

or cavity of which is defended from the exterior air by
some infusible substance, the least capable of conduct-

ing heat. That portion of the cavity which is occupied

by the fuel, may be called the body of the furnace.

This is separated fi-om the lower portion, called the

ash-pit, by a grate for the admission of air. The upjjer

portion above the body is called the chimney. When
the fire is kindled, all the air above the grate becomes

specifically lighter than the outer air. This induces a

current of air through the furnace, the velocity of which

will be as the difference of temperature between the

inner and outer air, and as the square root of height,

reckoning from the grate to the summit of the column.

In a furnace so constructed, the air would meet with

the least resistance from not being required to change

its direction after it enters the grate, and its practical

i-ITect would come the nearest to the law above laid

down. But for the sake of convenience, the body of

the furnace is detached from the chimney, by a con-

necting cavity called the throat of the furnace. This
will interrupt the free passage of the air, in proportion

to the deviation of its direction from the perpendicular

line, and inversely as the area of its section. The in-

tensity of the heat of every furnace, will therefore be as

the quantity of oxygen consumed in a given time, and
inversely as the space in which the combustion is pro-

duced. This will therefore be as the velocity of the

current and the density of the air, all other things be-

ing equal.

FUR
I^t D = the density of the outer air,

d = the density of the air in the chimney,
k z= the height of the chimney,

g = the velocity produced by gravity in a se-

cond of time,

I = the velocity of the ascending current

;

then the velocity which the height k would give will be

= t/2h g, and the velocity ofthe current, or

Tumaee.

D
The practical effect, however, will fall short of this

formula, from the interference of several causes, the
principal of which is the interruption of the current,

partly by the change of the direction of its motion, and
partly by the roughness of the sides of the chimney.
The first of these may be in some measure obviated,

by making the throat sufficiently wide, and as little out
of the perpendicular as circumstances will admit. The
friction upon the sides may be decreased considerably,

by rubbing those sides of the bricks which have to form
the interior surface, in order to make it as even as pos-
sible. It will also be advantageous that the walls of
the chimney should conduct away the least possible

quantity of heat. This will be effected, by first build-

ing an inner wall of one course of bricks, and then sur-

rounding it with an outer wall, leaving a cavity be-
tween the two walls equal to the thickness of a brick,

which cavity is to be closed firmly at the top. This
will serve to keep the temperature of the air in the
chimney hotter than it otherwise would be, and by that

means increase the velocity of the current. The inte-

rior of the bo<ly of the furnace, the throat, and a small
portion of the chimney, must be of fire brick.

It is difficult to give a maximum for the height of
chimnies ; although from the above theorem, the
power of the furnace would increase as the square
root of the height, to any extent. Yet in practice, it will

be found to be limited by two causes. The one, the

friction of the sides of the chimney ; the other depends
upon the gradual diminution of the temperature of
the inner air as it ascends till it becomes e<|Ual to

that of the external. This first will vary with the faci-

lity with which the heat is conducted away through the
sides ofthe chimney. It will be obvious, however, un-
der the most favourable circumstances, that the changes
of power by altering the height will not be very con-
spicuous, from its being as the square root of the height.
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For instance, if a chimney of one foot liigh produce an
effect of 1, it will require the height to be 4 ieet to pro-

duce twice, and one of 9 feet to produce three times

the effect, and so on, increasing in the same ratio.

In reverberating furnaces, which are heated by the

flame of pit coal, the maximum is much higher than in

the melting furnace, which is heated with coak. This

arises from the fiiime in the former heating the interior

of the chimney. The melting furnace should have its

chimney not less than 30 feet. The reverberatory fur-

nace may with good effect be made much higher.

The chimney of a furnace should be perfectly dis-

tinct from every other, nor can it have any opening in

its side without sustaining an injury proportionate to its

size ; but its effect will be less, as its height above

the fire is greater.

Sound philosophy and experience will ever discard

the practice of attempting to make one furnace perform

two operations at the same time.

Having given some accoimt of the principles of fur-

naces, we shall now describe several at present used in

the arts, and in the laboratory. Plate CCLXII. Fig.

1, is a section and side elevation of a melting furnace.

B is the body ofthe furnace, containing a crucible upon
its stand. The use of the stand is to raise the crucible

above the grate "-, so as to allow its bottom to receive

the greatest heat of the fire. A is the ash-pit opening
through the outer wall, or into a cellar below. This

serves to prevent the cold air from annoying the opera-

tor. D is the damper, which when shut covers the

under side of the grate. K is the cover, which is either

formed by putting two fire bricks in an iron ring, or

•l)y moulding fire clay into proper foi'm, and burning
it afterwards. C is the cliimney. Fig. 2. is a plan of

the same furnace.

Figures 3. and 4. are a section and plan of a furnace
for heating a sand-bath. A is the ash-pit, B the body
of the furnace, d the door for fuel, g the grate, W a wall,

or one large fire-brick placed between the grate and
the chimney, leaving no way for the smoke to pass but
through the neck n. It then descends on the other

side, and passes through the flue F into the chimney C.

pis a. plate of cast metal, formed of two plates ribbeting

into each other, by which it is less liable to break by
the heat than if the plate was in one. This plate covers

the whole of the top of the furnace, so as not to allow
the escape of smoke. 1 1 is a frame of cast-iron lying
loosely upon the plate, with as little touching surffice

as possible. Within this frame a wrought iron rim S
is placed, for the purpose of enveloping the sand which
constitutes the sand-bath. There are rims of different

depths, according to the size of the vessels to be placed
in the sand.

Figs. 5, 6, and 7, are two sections and a plan of a re-

verberatory furnace. A is the ash-pit, B the fire place,

g the grate ; F, in the plan Fig. 7, is the opening for

the introduction of fuel, which is pit-coal. The flame
plays along the hearth H, and p.tsscs into the chimney
C. O is an opening for the introduction of the sub-
stances to be entered or melted, whicli are placed upon
the hearth. If the substance is to be melted, it runs
down to ttje opening T, where it is taken out. D is

the damper for regulating the fire. Tiiis furnace is

more particularly adapted for melting than for calci-

ning, on account of its inclining hearth, and the open-
ing at T. The construction is a little varied for the
latter purpose. The hearth is nearly h.oi izontal, and there
is generally but one opening, which is in the middle.

Figs. 8 and 9, are two sections of an enamelling fur-

nace. A is the ash-pit, g the grate, B the body-furnace, Tiiman,

where the fuel is contained ; M is the mufHe, an earthen ''urneaux

vessel, more plainly seen in Plate CXLIII. Fig. 9. It ^^'
contains the substances to be operated upon, and is for

the purpose ofdefending them from smoke or flame, and Enamelli

admitting a supply of fresh air ; K is the cover, T the p!^1^^^'

throat, and C the cliimney. This furnace is also em- ccLXIl.
ployed for assaying metals by cupellation. Figs. 8, <

Figs. 10, II, and 12, contain a view and section of a jiuffle ft

muffle furnace, for producing very intense heats. The nace.

body of the furnace, shewn at AA, is in the form Figs. 10,

of an oblong coffer, swelling out in the middle. The 1^' ^2.

grate is shewn at C, standing over the ash-pit F. The
hole for the muffle is seen at E ; and the dome, or up-
per part of the furnace, is seen at BB, having a very

large door D, for the purpose of introducing the fuel.

This furnace was employed by Pott, and afterwards by
D'Arcet, in their experiments on the habitudes of earths

and stones, when exposed to a violent and long con-

tinued heat. Figs. 13, 14, 15, 16. represent fire-tongs

for various purposes.

A description of Dr Black's portable wiiid furnace Figs. 13,

will be found in our article on Chemistry, vol. vi. !*• ^^>

p. 189, and a perspective view and section of it in Plate

CXLIII. Fig. 7. and 8.

A description of Mr Arthur Aikin's portable blast

furnace is given in the article Chemistry, p. 160, and
a perspective view and section of it in Plate CXLIII.
Figs. 10,11, 12, and 13.

Farther information on this subject will be found in

our articles Glass-making, Iron, Stove, and in several

other articles where furnaces are adapted to particular

purposes in the arts. See also Lewis' Phikiwphical

Commerce of Arts ; Aikin's Dictionary of Ckemislry,

vol. ii. ; Miclie on Reverberatory Furnaces, in Rozier's

Journal, vol. xxxii. p. 385. Perceval's Chamber Lamp
Furnace, in the Repertory of Arts, vol. iii. p. 29 ; and
in the Transndions of the Royal Irish Academy, vol. iv,

p. 91 ; Watt's Patent Furnaces, in the Repertory of
Arts, vol. iv. p. '22() ; Mr Edwiu-d Howard's Improved
Air Furnace is described, in Tilloch's Philosopkical

Magazine, vol. v. p. 190—193, and represented in

plate iv. of that work ; Raley's Patent Furnaces, in the

Repertory of Arts, vol. x. p. 155; Accum's Improved
Universal Furnace of Dr Black, is described in his Sys-

tem of Practical Chemistry, vol. ii. p. 357, and in

Nicholson's Journal, 8vo. vol. vi. p. 273 ; Curaudau's

New Evaporating Furnace is described in the Annaks
de Chimie, No. 149. An. xii. and in Nicliolson's Jour-

nal, 8vo. vol. ix. p. 204—207; and Lucas's furnace for

cast-iron cutlery, in Parke's Chemical Essays, vol. iv.

Ess. 1 5. A furnace for decomposing the sulphate ofbary-

tes, is described in the same work, vol. ii. Ess. 5. ( c. s.

)

FURNEAUX's Islands. The great continent ofNew
Holland is separated from Van Dieineri's Land on the

south, which was during centuries believed to be an inte-

gral part of it, by a considerable expanse ofwater lately

discovered, called Bass Strait; and numerous islands,

some towards the centre of the strait, and some on the re>

spective coasts are interposed between the two territories.

I'hesc have been classed into groups by successive na-

vigators, though vvith little regard to order, and with-

out any decided analogies. One of the principal and
most comprehensive is Furneaux's Islands, divided by
Bmik's Strait 12 or 15 miles in width from the north-

east extremity of Van Dicmen's Land, stretching from
about 40" 22' to 41° 27' of South Latitude, and situated,

with respect to the centre of the group, in about 148^

of East Longitude.
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fgctables.

nimals.

Neither the exact number of islands composing this

group, nor tlieir individual size, are completely iiscer-

taiiied : the principal are Great Island, Cape Barren

Island, Clarke's, Preservation, Chajipel, and BhIm'I

Islands, besides many rocks and islets. Tlie first is

not less than forty miles in length, and the second twen-

ty. Almost all have good harbours for shipping ; but

the channels among some of them are narrow, and of

dangerous navigation.

The basis of the greater part of these islands) is a

whitish granite, sometimes inclining to a reddish tinge,

and full of small black specks, supposed to be tin, and
communicating a deleterious quality to water, as seve-

ral people died on drinking it. When exi>osed to heat,

finiies escape strongly denoting the presence of arsenic.

The hills rise to a considerable height; the highest is

Supposed to be 1200 feet. Tliose of Cape Barren Island

are generally crowned with huge masses ofgranite; and

immense detached blocks of the same substance are

scattered about on the rest. The lower parts of the

islands are commonly sandy, or they have swamps and
pools, where the water is usually of a reddish hue; in

other places, it is fiesh and good, although transient vi-

sitors have denied its existence.

The whole islands are overrun with brushwood, in-

tei-mixed, in the more sheltered parts, with a few stunt-

ed trees, never exceeding twelve feet in height, and
several low shrubs gi'ow on the humid grounds, sur-

rounding the margins of pools and swamps ; but most
of the brushwood assumes a depressed and creeping

form, particularly on those sides of the islands exposed

to the more prevalent winds. A very singular antl un-

exampled feature is presented in some ofthe trees having
undergone a partial petrifaction in Preservation Island.

There, in a particular spot, none of them are thicker

than a man's leg; all are decayed ; but while the up-

per l)ranches consist of wood, the roots at the surface,

and the trunks to a certain height, are converted to a

chalky substance. The interior central part is always
circular, seldom of the same diameter or of the same
composition ; and rings of the brown wood sometimes
a|)pear, on breaking over the trunks, as if the petri-

faction were still incomplete. The vegetable produc-

tions of Furneaux's Islands are scanty throughout ; and
it is to be observed, that although there are patches of
rich and fertile soil, and the most luxuriant growth of
numerous plants in the vast extent of New Holland
and V^an Diemen's Land, a very large proportion of the

skirts, for the interior is yet unknown, consists of low
sandy tracts, appearing as if recently recluimcd from
the sea, and where nature is seen in her most barren
aspect.

Two species of seals, differing in structure and ha-
bits, frequent the shores of these islands, basking on
steep declivities, from whence they can easily precipitate

themselves into the sea ; and they afford the three new
genera of quadrupeds, the kanguroo, the wombat, and
the duck-billed ant-eater, all strangers to the older natu
ralists, because none exist on the four great continents of
the world. The first is ofa reddish brown species, weigh-
ing 40 or 50 lib. now grown sh}' from incessant pursuit,
and difficult to be caught on account of its impenetrable
retreats of bnlshwood. The wombat, whose flesh is very
acceptable food, where quadrupeds are .so sc;u-ce, was
first seen on Clarke's and Cape Barren Island.' It has
since been caught on the continent ; but its instinct is

visibly modified by the presence or absence of djjnger,

for it here feeds at all times, often fongiiig among the
refuse on the shore, wliile on the continent it never

leaves the holes where it burrows like a badger until Vumeaiii

dark. The duck-billed ant-eater is esteemecl a great I»'""''<

delicacy. Speckled, yellow, and likewise black snakes, >_,

-'™*"
•

are seen on several islands on the confines of the brush,

wood ; they have venomous fangs, but it is nirt report-

ed that they have ever proved destructive. They fre-

quently penetrate the burrows made by the sheer water
or sooty petrel, amidst the sandy tufts of coarse grass,

probably' in quest of the young. These birds occur in

surprising numbers, darkening the air at sun-set in

their flight : they burrow exactly in the manner of rab-

bits, and breed in their holes, and, in spite of the dis-

turbance and destruction which they experience, they
pertinaciously resort to the same .spot. Penguins and
other birds burrow in the same manner, in places sepa-

rate and distinct from the petrels ; and as the latter al-

ways retire to the ground at night, the penguins, which
have been sheltered there the whole day, then regidarly

leave it. It is extremely difficult, and sometimes dan-
gerous, to walk amidst the excavations formed by them,
as people suddenly sink knee deep. The most valuable

birds are the goose and black swan ; the former is nu-
merous, it feeds on grass, and seldom takes to the wa-
ter ; the latter is rare, and frequents fresh water pools

only, in the breeding season.

Furneaux's islands were first explored by Mr Bass,
jj^story.

surgeon of the Reliance, and Lieutenant, afterwards

Captain Flinders, of the navy, in 1 798. They were
about the same time, and subsequently, resorted to by
vessels from Botany Bay, in prosecuting the seal fishery,

which was so profitable that a single ship captured 9000
seals. Some years later, the French expedition of dis-

covery examined the principal islands, and their ap-
pearance and position have been further explained by
the elegant charts of Captain Flinders, published in

ISl^. Previous to all these periods, however, one of
them had afl'orded refuge to a shipwrecked crew, and
it is not improbable that, during the frequent inter-

course of the Dutch with their eastern possessions, the
external islands may have been seen or visited. It

must now be admitted, that an extensive portion of the

coast of New Holland had, nearly two centuries ago,

been surveyed by them, though all remembrance of the

fact was lost. Yet the slight sketches, which only af-

forded scope for conjectures, are evidently the result of
attentive investigation.

F^urneaux's islands are probably of too little import-
ance to become a permanent settlement. At present

temporary establishments are formed upon them, by
those engaged in the seal fishery, which is less produc-
tive than it was originally. Besides, fresh water is

scarce in general, the navigation is intricate, and the

shores are frequently covered with the wreck of vessels,

which repeatedly perish in the neighbourhood. See
Collin's Account of New South Wales, vol ii. Peron
Voi/nge (tux Terrcs Australes, p. 35 1 . Flinders's Voyage
to Terra Aiistralix, vol. i. Introduct. p. 126". (c)

FURNES, Furno!, a town of the Netherlands, situa-

ted about three miles from the sea, on the canal which
leads from Bruges to Dunkirk. Its fortifications were
demoli.-'hed in the years 179'^, 179.S, and 1791 The
town house, which is a good building, adorned with
figures of kings and princes, has a handsome tower
with musical chimes. The town carries on a consider-

able trade in corn, bees, cheese and butter. Its fairs

are held on the afitli March, 5tli M.iy, and :<d October.
Population of the town 'V/OO. East Long. 2" 39' 51",

and Noi th Lat. 51° 4' 23", acconling to trigonometri-
cal observations.
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FURRUGKABAD, or the Happy Abode, is a town

of Hindostan, in the district of the same name, and ca-

pital of the province of Agra. It is situated at a short

distance from the west bank of tht Ganges, and was

built about 100 years ago by a Patan colony. The
streets are wide, and the houses and open places are

shaded with trees. In consequence of the vicinity of

tlie British cantonments, the town is flourishing, and

carries on a considerable trade. There is here a civil

establislmient for the administration of justice, and the

collection of the revenue. Close to Furruckabad is the

town of Futtygur, where a brigade of troops is usually

cantoned. East Long. 79° 33', and North Lat. 27° 23'.

See Valentia's Travels, vol. i. p 1 9-t.

FURNITURE stop, on the organ, in music, is a dou-

ble or triple, &c. range of pipes, sometimes called the

mixture stop. Tlie tune of these ranges of pipes are

XXIV, XXVI, XXIX, &c. respectively, above the pitch

of the diapasons. This stop is rarely used but with the

sesquialtera and other compound sto|)s ; and this med-

ley of sound to every note, is said by some to " en-

rich" the instrument : but whatever may prove to be

their hitherto untried effect on a (Liston's) Euharmonic
Organ, (see that article), the confusion of rattling loud

beats, constantly heard on common organs using these

stops, is not less offensive to good ears, than Dr Robert

Smith has described in his Harmonics, 2d edit. pp. 80

and 227. (?)
FURTH IS a large and populous town of Germany,

in the circle of Franconia, situated on the river Red-

nitz, some leagues from Nuremberg, on the road from

that town to Franckfort. With the exception of the

new parts of the town, Furth is very irregularly built,

and is a mere mass of houses without order. Manufac-

tures constitute the principal riches of this industrious

town. Mirrors are made here to a great extent, and

almost all those which bear the name of Nuremberg are

manufactured at Fiu'th. Each mirror, before it is fi-

nished, passes through the hands of more than twelve

different workmen. Articles turned out of wood and
metal, clocks, jewellery goods, chains of watches, nee-

dles, buckles, snuff-boxes, and a great many other similar

articles, are manufactured here. There is here also a
manufacture of tobacco, which is successfully culti-

vated in the neighbourhood. A considerable trade is

carried on in wines, which are much esteemed, and
which are made principally at Sommerhausen, Rund-
8uck, Sommerach, Westheim, &c. The commerce of
this place is greatly facilitated by tlie junction of the

Peignits with the Rednitz^ which are thei) uaviga-

F Y Z
ble to Mein. The Jews, who form one half of the po-
pulation, are permitted to have a synagogue, a school,

and a printing-office. Population 16,000.

FURTHCOMING, or Forthcoming, in the law of

Scotland, is that process by which an arrestment is fol-

lowed up and made effectual. It is brought at the in-

stance of the arresting creditor, who calls the common
debtor before the judge to hear sentence given, order-

ing the debt to be paid, or the effects arrested to be de-

livered up.

The decree in an action of furthcoming operates as

a legal assignation to the arrester, which cannot be de-

feated by the poinding of co-cretUtors. See Arrest-
ment, (z)

FUSEE. See Timekeepeii.
FUTTIPOOR, or Futtehpoor, is a town or large

village of Hindostan, in the province of Agra. It is

encircled with a stone wall of great extent, built by the
Emperor Akbar. The enclosed space does not seem to

have been filled with buildings, and tlie inhabited part is

an inconsiderable village. A hilly ridge of considerable
height divides this space, and extends about 4- or 5 miles
beyond the wall. The materials o» which the houses
are built comes from the neighbouring hills, which are

composed of a greyish rock. On the highest part of
the rock, near the centre of the enclosure, stands the
tomb of Shah Selim Cheestee, in consequence of whose
devotion the Empress of Akbar is supposed to have be-
come pregnant af^er remaining several years barren.
The approach to this mausoleum is extremely grand.
An ancient palace of Akbar stands upon the same ridge.

See Hunter in the Asiatic Researches, vol. vi. p. 75.

FUZE. See Gunnery.
FYZABAD, or the Beautiful Residence, is a town

of Hindostan, in the province of Oude, of which it was
once the capital. It was founded by Sadalkhan, a Per-
sian, who was forty years governor of the province. It

is situated on the south side of the Goggra, or Dewals
river. The town is of considerable extent, and con-
tains many inhabitants, chiefly of the lower classes ; the
merchant-bankers, money-changers, and the great men,
having removed to Lucknow when the son of Sujad ud
Dowlah removed the seat of government to that town.
The remains of a fortress and of Sujad ud Dowlah's
palace, with its extensive gardens, are still to be seen.

The ancient city of Oude, or Ayodha, the capital of
the great Ram, adjoins Fyzabad. East Long 82" XC,
and North Lat. 26° 46'. See Hotlge's Travel* and Fos-
ter's Journey.

Fya:',
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G.

Gkbrcs. VtABRES, Guedres, or Gaurs, worshippers of fire,

is the name of a reh'jrioiis sect which has subsisted in

Asia from a very ancient period.

Mankind, in the most rude and barbarous state, are
unavoidably sensible of the dissemination of light and
heat by the sun. His presence announces the day,
while his absence covers the earth with darkness. His
emanations are a powerful source of vegetation ; and
summer, which enables them to provide alike for tran-
sient wants and future necessities, is denoted by his

more protracted appearance. Hence it is not surpris-

ing, if, in gratitude for the benefits conferred by this

luminary, some marks of adoration have followed. Men,
in most ages and in most countries, have worshipped
the sun ; and fire, in his absence, has been substituted
as a prototype, under different characters. Among the
ancient nations following this practice, the Romans are
most familiar to us, who preserved sacred fire, which
was never to be extinguished, and which was guard-
ed by the vestal virgins. But, anterior to their era, it

appears that the worship of fire was widely spread over
I'ersia, and reduced to an established form, acknow-
ledgeil and received by a large proportion of the inha-
bitants long before the birth of Christ. A celebra-
ted philosopher, Zoroaster, is reported to have either
founded a sect distinguished from all others by the
adoration of fire, or, which is more consonant with
the customs of mankind, to have reduced the practice
to systematic order. Miraculous events attended his

origin ; his life was, like that of all other lawgivers,

a tissue of extraordinary occurrences ; and, accord-
ing to some of his followers, he was taken up into

heaven, instead of dying a natural deatli. Zoroaster
was born about 589 years before Christ, and his dis-

ciples subsisted in Persia until the overthrow of Jez-
dedjerd, king of tiiat country, by the Mahometan Ca-
liph Omar; whence historians date the era of the mo-
dern Gabres from the first year of the reign of this

sovereign. Some months afler the death of Jezdedjerd,
the persecution of the Mahometans induced many of
them to withdraw to Kohistan, a mountainous dis-

trict in the present province of Khorassan, where tliey

dwelt for an hundred years. They subsequently emi-
grated to the island of Ormuz, in the Persian Gulf,
where they remained fifteen years stationary ; and then,

sailing for India, landed at Diu. But, on consulting
certain oracular declarations in their sacTed Avritings,

they discovered tliat their residence was not auspicious
here; and, again committing themselves to the sea,

reached a fertile part of the coast, having experienced
a frightful tempest on the voyage. The prince of this

territory received them favourably; but observing them
to be numerous and well armed, he engaged the ob-
servance of five separate conditions, before granting
them permission to land ; namely, that they should ex-
plain the mysteries of their faith, lay aside their arms,
speak the language of India, and also that their women
should appear unveiled, and that their nuptials, accord-
ing to the custom of the country, should be performed
at night. The Gabres, finding nothing in their books
adverse to these conditions, gladly assented, and land-
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ed, professing thehr desire for peace and tranquillity, gabre*.
On the other hand, the Indians, discovering the analo- «—-y-^
gy of some of their principles to their own, permitted Account of

them to settle where they chose; and a jwrtion ofground '*'"' '*™?"

being selected, they built a city on it, which was caL.
'"^ ^ '°^

led Sanjan. Probably, in relation to the place from
whence they had emigrated, they are more generally
called Parsees, and have subsisted towards a thousand
years in Guzerat and other parts of the coast of India.
Soon after their arrival, they obtained a new grant of
land, whereon they erected a temple dedicated to fire,

in pursuance of a former vow, if they should escape the
storm that had assailed them. Here they remained
united for about three centuries after the death of Jez-
dedjerd, when they dispersed to Baroach, Surat, and
other places, while, in the lapse of two more, their city

was gradually depopulated. The sovereign of Guzerat,
however, being threatened by an invasion of Maho-
metans, anxiously recalled them, on which occasion
] 400 were found capable of bearing arms ; but many
of their number fell in an engagement with the enemy.
Their city was pillaged, and the survivors fled, carry-

ing the sacred fire along with them, in quest ofanother
establishment, which they successively found and aban-
doned. The fire was conveyed from place to place

during several centuries, and at last the Gabres found
an asylum in Surat, Bombay, and various settlements

on the coast of Malabar, where they enjoy the full and
undisturbed exercise of their religion.

Part of the original stock remained in Persia, their Account of
native countrj', where they seem to have experienced ll"^ Gabres.

even a harder fate than those who emigrated. In con- *° PeJ^'a-

sequence of the oppressions of their conquerors, the
arts known among them declined, they lost all know-
ledt'e of their own origin and history, and became a
poor and degraded race. At present they are treated

with the utmost rigour, and most of them have, in con-

sequence, been compelled either to emigrate, or to ab-

jure the religion of their ancestors. In addition to

other oppressions, they are subjected to a capitation

tax of twenty piastres by the Persian government. The
greater proportion inhabit the shores of the Caspian

;

and the cities of Ispahan, no longer the capital of the

empire, Yezd, and Kermsn. The suburb of the first,

which they occupy, is called CJaurabad, and in the
^

same quarter is a bridge called the CJaurs Bridge.

About a fourtli part of the population of Yezd, which
contains 20,000 houses, consists of Gabres. But the

principal resort of old, though now exhibiting only a

few scattered cottages, was a place in the neighbour-

hood of the city of Badku, on the peninsula Abscharon,

on the Caspian Sea. Here a natural phenomenon has

served to promote their faith, and rivet them in the ado-

ration of fire. About 10 miles north-east of the city, is

what is called Atash Kudda, or fire temple of the Ga-
bres, a remarkable spot, something less than a mile in

circumference, from the centre ofwhich a bluish lambent

flame is seen to arise. When the wind blows, it is ele-

vated to about eight feet in height, but it is lower in

still weather. All around this place an invisible va-

pour escapes on digging up two or three inches of the

t
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Gubres.

Account of

the fire

temple of

the Gabres.

earth, which is inflameil on the application of fire ; nay,

if a cane tube, or one of paper, be inserted so deep in

the ground, and a light applied to the orifice, a flame

resembling that of spirit of wine immediately bursts

forth, which does not injure the tulie, provided the

edges be covered with clay. Several temples, appa-

rently of simple construction, lately stood in this neigh-

bourhood, and, among others, a small one, where a

flame issued from a hollow cane near the altar. De-
votees were to be seen, about foi'ty or fifty in number
at a time, \vho had made expiatory pilgrimages liither,

and subsisted on wild celery, a kind of Jeriis.Jem ar-

ticlioke, and other roots, while they remained. They
affirm that this fire has burned since the flood, and be-

lieve that it will last until the end of the world. So
singular a phenomenon cannot but deeply impress the

uncultivated minds of the Easterns, who would rather

seek its origin in some supernatural cause, than endea-

vour to explain it by the combination and action of the

different substances of inanimate matter.

According to the principles ofthe Gabres, their sacred

fire should be found in every town or settlement, and
ought never to be extinguished. If compelled by the

pressure ofcircumstances to remove, it ought to be car-

ried along with them ; and it has thus been transferred

from place to place in India, while preserved in vigour,

during 800 or 9OO, or perhaps 1000 years. Some time
ago, when from invasion, or another cause, the whole
Gabres were obliged to fly, and their houses were
burnt, the temple, or edifice containing the sacred fire,

was preserved, which they ascribed to its innate powers
of protection. Concerning this element they entertain

the most extravagant ideas, though its worship be sub-
servient to that of Hormusd, a divinity the source of
all good. They maintain, that an original principle,

analogous to eternity, (at least nothing more definite

can be explained by it,) created light, water, fire, Hor-
musd the author of good, and Ariman the author of
evil ; but speech preceded all creation, for by its in-

fluence the formation of beings was effected : Hormusd
is adored for his beneficence, and Ariman held in de-
testation on account of his malevolence. The sacred
fire Behram, which is the guardian of the country, is

the extract of 1001 fires, taken from 15 other fires.

It must be preserved unextinguished in absolute puri-
ty ; and many sacred offices are performed before it, ei-

ther by priests in their temples, or by individuals in
private. In the former it is kept up simply, we con-
ceive, by a supply of wood. It is watched night and
day by priests, and burns on a vase contained within a
grating, which none other may approach. The light
of the sun being brighter tlian fire, is excluded from
their temples ; and if any person of different tenets
should approach, the priests consider themselves defi-
led, and have to undergo purification. Independent
of this care of the sacred fire, they entertain a venera-
tion for the element in general. When once kindled,
they deem it gacjilege to extinguish it unless by a
particular method : A candle must either burn to the
end, or, if they wish to spare a portion, a small part
next the wick is cut oft; and, being carried to the
hearth, is left to burn out. A light is blown out by thewmd of a fan or the hand, but never with the breath,
for that IS impure; and should their houses take fire,
instead of extinguishing the flame with water, the
surroimding parts ai-e pulled down, or removed, in or-
der that It may go out of itself. In short, their gene-
ral principle is, to allow it to come naturally to a close,
and not abbreviate it by violence. The Gabres keep

different festivals, continuing six days, as at the begin- G»bw«.

ning of the year ; six particular festivals afterwards, *""^'~»

each of five days ; and a festival the last ten days of the

year, during which they believe that the souls of the

virtuous descend to within three bow shots of the earth.

They also observe the anniversaries of their own birth,

and that of their children. But these festivals are diffe-

rent in different places, and some in Persia are unknown
in India. Their prayers are numerous ; they are offer-

ed up not only after natural operations, but on cutting

their hair or nails, the fragments of which are preser-

ved to be laid in their cemeteries.

Marriage is a favourite condition among the Gabres, Marriage

and sterility a reproach. A man is entitled to have only ceremonies,

one wife, but should she have no offs])ring, he may,
with her consent, take another, the first still continuing
to dwell along with him. But the same privilege is

not allowed to a wife. In Persia, it has been affirmed
that a man might marry five wives, though only the first

was to be considered the true and legitimate one, and
hence a preference over the rest. I'he hunband was
entitled, however, to repudiate her at the end of seven
years if she remained sterile ; as also for adultery, or
apostacy from her own religion. It is added, that if

the wife repented of her offence within a year, and did
penance during three years, the parties might be re-

united. Perhaps these jioints are not sufficiently esta-

blished, and the authors who have treated of some of
them are not aware that marriage is considered to be
of five different kinds. When a young female has at-

tained maturity, she may demand that her parents shall

provide a husband for her ; and if they disregard her re-

(juest, it is a culpable neglect; but if she, on her part,

refuses marriage, and dies a virgin at eighteen, her soul

is believed to remain in hell until the resurrection.

The marriages of the Gabres are performed with great

pomp and solemnity, 2000 guests being sometimes in-

vited in India, while all the friends and relatives of
the parties are clothed in their most splendid attire. A
prodigious display of lighted torches appears, and a
numerous procession is attended by noisy musical
instruments. The ceremony is then perfonned by a
priest, and the wedded pair occupy their own proper
residence. By a special regulation, which has ])revail-

ed nearly 1.50 years, the Gabres of India never pre-

sent any thing at the great entertainments which em-
bellish their marriages that has had life in it, be-

cause there are always numbers of Indians invited to

participate.

But amidst the most singular customs which have Mode of

ever been witnessed among mankind, is the conduct of disposing oi

these people in the disposal of their dead. They are '*'"'' ^'^'^

neither interred nor burned, but exposed to be devour-
ed by beasts of prey. Perhaps there is no custom or

the present day, however extraordinary, that we cannot
trace in the records of antiquity ; and few which were
practised in the most remote ages, are altogether extir-

pated among modem nations. Herotlotus, and after

him Strabo, acquaint us that the Magi, who were the

original race now described in these pages, did not in-

ter the bodies of their dead, but exposed them to beasts

of prey. The Hyrcanians, or natives of Irak, as we
denominate it, had dogs trained, if they could require
any training, to devour the dead ; and the Bactrians
were so tenacious of this fashion, that when NiciUior,

governor for Alexander, wished to abolish it, he was
very nearly losing the whole province. According to

Justin, the Parthians exposed the dead to be devoured
by dogs and birds, and afterwards buried tlie naked



GAB 67 GAB
: res bones. The ancient inhabitants of India left t}ie bo-

Y""' dies of their deceased relatives to be devoured by vul-

tures, which were possibly viewed as sacred birds.

jElian speaks of a nation or tril>e, the Barca;!, which

burnt those who die<l by the course of nature, butotliers

who fell in battle were exposed to be devoured by vul-

tures, because these birds were held to l>e sacred. The
mojlern Gabres, or Parsees, the worshippers of fire,

expose their decea.scd relatives as a prey to vultures,

whether in Persia or in India. When a person is about

to expire, a prayer is whisj)ercd in his ear, and a dog
presented before him ; but it is important that the ani-

mal should look in his face, which is obtained by placing

some moat in that direction. Two dogs must be brought
for a jiregant woman ; or if no dogs can be procurtnl,

means should be used to attract the attention of the

bird that is to prey on the body. It appears that this

part of the ceremony may be postponed until carrying

fortii the body to be deposited in the sepulchre, which
is either done in silence attendeil by a numerous as-

semblage, or while women chaunt a kind of requi-

em. The repository of the dead is a circular edi-

fice, or low tower, open above, with a stone floor, ele-

vated from the ground to receive the bodies, and in-

clining towards the centre. By the letter of the law,

this sepulciire, which is called Dakhnie, should stand

only on a hill, and be demolished every 50 years, to ex-

pose the earth to the light of the sun ; but probably
neither of these conditions are fulfilled, and we only

know that they are apart from towns. Several are seen

at Bombay and Surat ; the largest about 55 feet in dia-

meter, and 25 feet in height, built up to within five

feet of the top, and having a well or sink of 15 feet dia-

meter in the center. There are three concentric grooves

or compartments around the sink for receiving the bo-

dies, which are loosely wrapped in cloth, the outer for

tlie men, the next for women, and the interior com-
partment for the bodies of children, all with connect-

ing channels to drain off the fluids, into which they are

partly resolving by the progress of decay. Nothing
can be more horrible than the spectacle presented here,

whether in the various stages of putrefaction in its

most unsightly form, in the disjointed and mangled
fragments of the human frame, the overpowering fcc-

tor emanating from the corpses, the presence of the

vultures greedily devouring their prey, or glutted with
human flesh scarcely able to take wing, altogether

forming such a combination, as the strength of living

man can with difficulty resist. Biit the natives have no
such feelings ; on the contrary, they look for auspici-

ous omens in the very eye which shall be first torn from
its socket. Alter a certain interval, the bones are col-

lected towards the sink witli iron rakes, and the com-
munication of subterraneous channels prevent it from
being choked up. The body first interred in a new-
constructed Dakhme ought to be that of an infant, the

child of a priest.

The Gabres nourish a strong predilection for some ani-

mals, and entertain a corresponding aversion for otliers.

Cows and dogs are in great estimation. They have an
antipathy to cats, insects, and reptiles, from believing
them created by Ariman, the source of evil ; and
Tavemier says, that in Persia the women destroy all

the frogs on a certain day, because a prophet whom
they principally venerate, was once disturbed by these
animals. But the zeal of this author for the Catholic
faith has led him, according to his own acknowledge-
ment, to expose only what is most absurd in the rcli-

' gion of the Gabrc; ; hence his accounts, which in some
things are manifestly erroneous, must be read with cau-
tion.

This sect seems to exist in much greater purity in

India than in Persia. Their ceremonies, even some
of the most important, are extremely different; and
those of the Persian Gabres are compounded of the
principles of the Christians and Mahometans along
with their own. The earlier doctrines of Christiani-

ty, and many points of Jewish history, are especi-

ally to be recognized in the baptism of their children,

the history of their prophets, the escape of the sa-

cred fire in the sembl.nnce of a white dove, and the

like. Probably these have been introduced by the de-
cline of learning, and from the influence of their priests

being unable to preserve their original faith in its

purity. But the reverse has succeeded in India, where
the Gabres practise their worship undisturbed, and have
preserved some of their books of the law, written in a
peculiar character, until the present era.

The moral character of these people is universally

esteemed. They are quiet, inoffensive, and industrious.

At Bombay and Surat, but especially the former, where
they are best known, the5' are highly respected, and

'

one of the most wealthy some years ago charitably

maintained 2000 persons of all different tribes at his

own expence, during a time of famine. They are

among the richest inhabitants of the island, and are

accustomed to give the most magnificent entertainments

to Europeans, while no one of their own sect is left

destitute, so much are they distingidshed for munifi-

cence and liberality.

See Hyde Rcligio Felerum Persarum. Zend-Avesta,

torn. ii. iii. ; Moore's Narrative of LiUlc's Detachment,

p. 383 ; Ovington's Voyage lo S'urtit ; llanway's Tra-
vels, vol. i. p. 263 ; Abu Taleb's Travels, vol. ii. p.
380'; M'Donald Kinneir's Geograjiliical Meaioir of Pir-
sia; Justin, lib. xli. ; jElian, lib. x. cap. 22. (c)

GABS, the name of a town of Africa, situated on the
south-east part of Tunis, in a bay of the Mediterranean.

It was the Epic/iiis of Scylax, and the Tacape of Pto-

lemy and Pliny. Dr Shaw informs us, that the ruins

of this ancient city are still to be seen upon a rising

ground, at the distance of half a mile from Gabs, ha-

ving been formerly washed by the sea, which here form-
ed a bay nearly half a mile in diameter. The greater

part, however, of this bay is now filled up and gained
from the sea. Among these ruins are some beautiful

granite pillars, about twelve feet long, and all of them
square : a form- which Dr Shaw had never seen in any
other part of Africa. There are several extensive plan-

tations of palm trees at Gabs, but the dates are much in-

ferior both in taste and size to those of Jireed. The prin-

cipal trade of the place consists of the al-hennah, which
is cultivated to a great extent in all the gardens. " Thi.s

beautiful odoriferous plant," says Dr Shaw, " if it is

not annually cirt and kept low, as it is usually in other

places, grows ten or twelve feet high, putting out its

flowers in clusters, which yield a most grateful smell,

like camphor. The leaves of this plant, after they arc

di'ied and powdered, are disposed of to good advantage
in all the markets of this kingdom : For with this all

the African ladies that can purchase it, tinge their lips,

hair, hands, and feet, rendering them thereby of a

tawny saffron colour, which, with them, is reckoned a
great beauty. The al-hennah, no less than the palm,
requires to be frequently watered ; for which purpose,

the river that runs through these plantations is cantoned .
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out, as it seems to have been in the time of Pliny, into battle of Dettingen. The town-hall, which is situated

a number of channels. Distance from Tunis 57 leagues in the market-place, is a brick edifice, with shops be-

south, from Wood-rifTe three leagues, and from Ella- low it and the jail: it is used occasionally as an as-

niaite 12 leagues. The baths of Gabs, or the Aquas sembly room. The old hall or palace is a Gothic

Tacapitnnas, are situated at Elhammah, about four mansion, situated at the north-west end of the town,

leagues to the westward of Gabs, and are described by It consists principally of oak timber framing, and
Shaw. East Long. 10° 2', North Lat. S4f>. See Scy- forms three sides of a quadrangle, open to the south,

lax, Perip. p. 4b' ; Ptolemy, lib. iv. cap. 3 ; Pliny, lib. v. It has a tower 78 feet high, and the whole building

cap. 4; lib. xviii. cap. 22 ; Strabo, lib. xvii. p. 1188 ; was about COO feet square. The moats with which it

and Shaw's Travels in Barhary and the Levant, chap, was once surrounded are still visible. It is now con-

iv. p. 213. verted into apartments for families. The theatre is a

GADES. See Cadiz. small but very handsome modern building. The bridge,

GADOLINITE. See Mineralogy. which ia very elegant, consists of three elliptical arches.

GADUS. See Ichthyology. It was completed in 1791; and, being private property,

GAEL. See Celts. a toll is exacted. There are several meeting-houses in

GAERTNER. See History o/' Botany, p. Si. the town, and some good charity schools. Tliis town
GAETA, or Gaieta, the Cajeta of the ancients, is has a small share in the Baltic trade, and it carries on

the name of a sea port town of Italy, in the kingdom a considerable trade in corn and other commodities
of Naples, and province of Lavora. It is situated on a to and from the coast. Vessels of 1 50 tons burden can

peninsula, which is joined to the mainland by a nar- come to the town with the tide. The trade of Gains-

row isthmus. The fortress, which was erected by Per- borough is greatly facilitated by the Readley Canal,

dinand II. of AiTagon, stands upon the rocky pi-omon- which opens a communication with Yorkshire; and by
tory ; and when seen from Mola, it forms a very stri- the Chesterfield Canal a communication is opened with
king object, with its white ramparts presenting to the the counties of Nottingham and Derby,
eye, one above the other, its stages of angles and bat- About five miles to the south-east of Gainsborough
teries. The sea floats into its moats, which are both are vestiges of the city of Sidnacester. On a ridge

broad and deep. Its harbour, which is well described along the banks of the Trent, about half a mile to the

by Homer, still exhibits the same character. It was north of Gainsborough, are some embankments called

anciently repaired by Antoninus Pius. The streets of the Castle Hills. The central encampment contains an
the town are neatly built and well paved; the houses area of 5l'0 feet in circuit, and is surrounded by a

are built on porticos ; and the general appearance of double fosse and vallum. The circular part appears to

the town is lively within, and picturesque without, have been a Roman work, and the rest is Danish.
" The cathedral," says Mr Eustace, " though not large. Horse races are annually held at Gainsborough,
nor highly decorated, is well propoi-tioned, well light- The following is the statistical abstract for the town
ed, and, by the elevation of the choir, admirably calcu- and parish in 1811

:

latedfor public worship The font is a fine antique
inhabited houses 1159

vase of white marble, with basso relievos, representmg Number of families 1227
Athamas, Ino with a child in her arms, and a group

Families emnloved in apiculture 4q
ot Bacchantes. 1 he sculptor was an Athenian ; but t\-^i • .. i i c t cao

, -1 .... ^ ^ ^ 1 r ii £• Ditto m trade and manufactures . . . 628
such a vase is better calculated lor a gallery of an- ». , oaaC
tiques than for the place where it now stands. Oppo- rr i n^c-
•7 .. . ^ f c ^u ^1, J 1 • '-^ r emales 2726

site the great portal of the cathedral rises an antique t t l i f' kito
column, marked with the names of the winds in Greek

i otai population 5i7-i

and Latin. See the Beauties of England and Wales, vol. ix. p.
The tomb of Munatius Plancus stands upon a bold 671.

eminence, on the neck of land which joins the penin- GALANGAL is the name of a medicinal root, and
sula to the continent. Like that of Adrian, it is round, the produce of a plant of the same name. There are
stripped of its marble casing, and converted into a two kinds of galangal, the great and the small ; the
tower with battlements. The gulf abounds with fish, last of which is generally held in the greatest estima-
particularly sturgeon, from which caviar is made. tion. The great galangal is a tough woody root, about
Gaeta is the see of a bishop, suffragan of Capua. Dis- li inch thick. It is whitish within and brown with-
tance from Naples 40 miles north west ; from Mola out, and has a thin bark, covered with rings or circles
four miles by land and two by water. East Long, about one-fourth of an inch distant. It has a bitterish
IS" 28', North Lat. 4lo 15'. See Homer Odyss. x. 107; and a somewhat aromatic tiiste. The S7nall galangal,
and Eustace's Travels, vol. i. p. 475. which is superior in all its qualities to the great galan-
GAGE. See Pneumatics. gal, is a much shorter and smaller root, of an irregular
GAINSBOROUGH, a town of England, in the form. It is commonly the size of the little finger, be-

county of Lincoln, is pleasantly situated on the eastern ing seldom more than half an inch thick, and two
bank of the Trent, which here separates Lincolnshire inches long. It is of a pale red colour, with a small
from Nottinghamshire. The town is clean, well paved admixture of brown on the inside, and of a brownish-
and lighted, and consists chiefly of one long street red colour on the outside, and is surrounded with ma-
parallel to the river. The principal public buildings ny circular rings, that project a little beyond the rest
are the church, the town-hall, the old hall or pa- of the surface. It is not heavy, but its texture is firm
lace, the theatre, and the bridge. The church, which and compact. It cuts with difficulty with a knife, and
IS an irregular building, in a very bad style of ar- leaves a polished surface. Small galangals must be cho-
chitecture, was lately rebuilt at the expence of the in- sen full and plump, of a bright colour, compact and
habitants. The pulpit cloth and cushions are made of sound, and leaving an acrid and unsupportably hot
crimson brocade velvet, trimmed with gold ; and they taste.
are made of materials which were taken in 1743 at the The permanent duty upon galangals is £ 1, 8s. per
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cwt and the M'ar duty 9». 4d. ; amounting in all to

.£1:17:4..
Tlie following Table shews the quantity of this root

imported and sold by the East India Company, from

the years 1804 to 1806 inclusive :

Years.
Mareh Sale. September Sale.

Average
Price per Cwt.

Cwt. Price. Cwt, 1 Price. £ ,. d.

1804.

1805
1806'

896 JE1810
104
10

£264
18

2 .5

2 10 9
1 16
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of rectified spirits of wine, and one of water, will best

shew its quality, by dissolving all the pure galbanum,

and leaving the impurities. Wiien its foulness renders

it of little value, it is best purified by enclosing it in a

bladder, and keeping it in boiling water till it melts or

becomes soft enough to be strained by pressure through

a hempen cloth. If this process be skilfully managed,

tlie galbanum loses but little of the essential oil, some
of which is generally carried off in evaporation."

The following is an account of tlie quantities im-

ported and sold at the East India sales in the years

1804 to 1808 inclusive, with the sale amount and aver-

age price per cwt.

Galen.

Twelve cwt. of galangal are allowed to a ton. See

Lewis's Materia Medicn ; and Milburn's Oriental Com-
merce.

GALAPAGOS, or Tortoise, orEnchanted Islands,

are the names whidi have been given to a cluster of

desert islands situated in the Pacific Ocean, in East

Long. 268" 18', and South Lat. 1" 22'. They were

first discovered by tlie .Spaniards, and have been since

visited by Dampier and V'ancouver. The southernmost

island is about 4 miles in circumference, and the north-

ernmost about 1 }j mile. Most of these islands are flat,

and tolerably high. Four or five of tlie most eastern

are rocky, hilly, and barren, producing nothing but

some shrubs on the shore. Others of this cluster pro-

duce trees of different sorts ; and in some of the most
western of the group, which are 9 or 10 leagues long,

and six or seven broad, large and taU trees, especially

mammee trees, grow in extensive forests. In these large

islands, the rivers are of a tolerable size. See Dampier's

Voyage round the World, vol. i. and Vancouver's Voy-

age.

GALASHIELS. See Roxburghshire.
GALAXY, or Milky Way. See Astronomy.
GALEA. See Rome.
GALBANUM is the name of a gum which exudes

naturally from the joints, or is obtained by incision from

the stem of an evergreen plant, which is found in Per-

sia, Arabia, and some parts of Africa. The following

excellent account of this gum, as an article of commerce,
is given by Mr Milbum.

" Galbanum is a gummy, resinous, rather unctuous
substance, sometimes in the natural drops or tears, but

more frequently in masses composed of a number of

these blended together. The drops, when perfect, ap-

proach near to a roundish or oblong figure ; but they

commonly lose their form in the masses. These are

pale coloured, semi-transparent, soft, and tenacious. In
the best specimens, they appear composed of clear

whitish tears, often intermixed with stalks and seeds of
the plant. When fresh, the masses and tears are white,

and with age change to yellow or brown.
" When the tears can be procured, they are to be

preferred to tlie masses or cakes. These tears should
be fattish, moderately viscous, and glossy on the sur-

face ; such as are too fat, of a dark brown colour, and
mi.\ed with sticks and other foreign substances, are to

be rejected. The best cakes are those of a light yellow
colour, of a strong, piercing, and, to most persons, a
disagreeable smell, of a bitterish warm taste, not very
humid, nor yet quite dry, being of a nature between
a gum and a resin, flaming in the fire, and with diffi-

culty dissolved in oil. The fewer chips, dirt, stalks, or
other impurities, the better. A mixture of two parts

1

Average

Years.

March Sale. Sept. Sale. Total. per Cwt.

Cwt. Price. Cwt. Price. Cwt. Price. £ .. d.

1804 15 £241 15 £241 16 1 4
1805 24 £199 42 ^99 m 598 9 1 2
1806 57 238 57 238 4 3 6
1807 ., .. .. .. ..

1808 .. .. " ••

Sixteen cwt of gum galbanum is allowed to the ton.

The permanent duty is £2, 4s. per cwt. and the tem-
porary or war duty £ 1 , 8s. per cwt. ; making in the

whole £5, 12s. per cwt.

GALEN, one of the most celebrated physicians of an-

tiquity, and singular for the unbounded sway which his

opinions long maintained over the medical world. He
was bom in the 131st year of the Christian era, in Per-

gamos, a city of Asia Minor, of which Esculapius, the

god of medicine, was considered as tlie protector. This
circumstance, and the consequent attention which its

priests paid to the medical art, probably rendered it a

place well fitted to cherish in an ardent mind a zeal for

medical pursuits. He flourished in the reigns of M.
Aurelius, Commodus, Lucius, and Severus. He en-
joyed great advantages from the literary and scientific

attainments of his father Nico, a man of considerable

wealth, and highly respected for his exemplary temper
and virtue, as well as for his eminent knowledge in li-

terature, geometry, astronomy, and architecture. His
mother is described by him as a woman of strict virtue,

and an excellent economist, but unhappy in her temper,

often quarrelling with her husband, and even biting

her domestics.

His preliminary education, consisting in granunar,
arithmetic, geometry, and astronomy, was continuetl

till he was fifteen years of age. In these branches he
discovered a ready capacity and a retentive memory, and
his attainments far exceeded those of his fellow scho-

lars. He tlien turned his attention to logic and philo-

sophy. He studied the system of the Stoics, by at-

tending the prelections of Philopator, and reading the

works of Chrysippus. On the latter he wrote a com-
ment during liis early studies. From the Stoical disci-

pline he is considered as having greatly profited, by ac-

quiring principles of rigid self-government, which arm-
ed him against the licentious manners of that age. He
studied the Platonic philosophy under Caius, a fellow

citizen, a man of singular wortli and incorruptibility of

character. To these studies he was probably indebted

for the elegant direction which was given to the natu-

ral fervour of his mind. His father also gave him an
opportunity of learning the Epicurean philosophy, un-
der an Atlienian who had settled in Pergamos. On the
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various systems of the day, he sofarnia<le up his mind,

as to write dissertations on their merits. In these he

Pfave a share of praise to each, with the exception of the

Epicurean, which he rejected and opjxjsed. His early

studies were not undertaken with any view of rising

in the world, but purely as conducive to the improve-

ment of his own mind, and the rational enjoj'ment of

life. But a resolution to cultivate a philosophy which
excludes all exterior glory, very often proves unsteady,

especially where prospects of utility to mankind seem
to exact from an accomplished mind a devotedness to a

public life. The destinies of Ualen were widely dif-

ferent from these original views. In his seventeenth

year, he was determined, by a superstitious regard to a
dream of his father's, to apply to tlie study of medi-

cine. His previous liberal education had so far enlar-

ged his mind, as to impress him with the propriety of

combining with his new pursuits the prosecution of his

philosophical studies. Natural philosophy, in a parti-

cular manner, appeared necessary, for the purpose of

cultivating a thorough knowledge of the physical qua-

lities of those objects which medicine comprehends.

He carefully weiglied the merits of the various medi-
cal as well as philosophical systems, and made himself

a complete master in the art of reasoning, as practised

by the ancients. Possessed of judgment to guide in

some measure his own studies, he changed his teaehers

whenever he perceived that no improvement was to be
derived from them. Hence it was an honour to have
him for a pupil, and to the sophists of the day he was
not a little formidable. Some of his studies were pro-

secuted at Corinth, others at Smyrna. Afterwards he
went to Rome, where he embraced an opportunity of
studying with the teachers belonging to the tliree me-
dical sects, the Rational or Dogmatic, the Methodic,
and the Empiric. He maintained a uniform respect

and attachment to all his teachers, but in none did he
ever repose blind admiration or implicit confidence.

Determined to take nothing on mere report, which it

was possible for him to examine with his own eyes, he
travelled for the express purpose of seeing the different

articles of the materia medica in their native country.

He went to Palestine to see the opobalsamum and bi-

tumen, and to Lemnos to see the celebrated Lemnian
earth. He reviewed the metallic productions of Cy-
prus, and brought home, for the use of his coimtry-
men, quantities of the mineral substances which went
under the names of Cadmia, Pompholyx, Diphryges,
and Chalcanthus. He also examined the articles of
diet used in different countries, and pointed out those
which he considered as most proper for the sick.

After a long residence in Alexandria, and a course
of travels which he had performed in Egypt, he re-

turned at the age of 28 to practise medicine at Perga-
mos. He communicated to the medical men of that

city the information which he had collected, and di-

rected them in a variety of experiments on the virtues

of medicinal plants. He was honoured with the medi-
cal charge of the gladiators, and gained no small cre-

dit by the success with which he treated their wounds.
A sedition ai-ising in Pergamos, he repaired to Rome,

where he soon acquired very high celebrity by his pro-
fessional success m the diseases of some conspicuous
individuals. He cured Eudemus the philosopher of an
intermittent fever, which had been previously misma-
naged. He gave remarkably accurate predictions of
the future course of various cases of disease, and dis-

played great address in tracing some instances of in-

5
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disposition to maladies of the mind. When Called to

the wife of Justus, he declared her illness to have ori-

ginated in an amorous affection, and .discovered the in-

dividual who was the object of her languishing attach-

ment. He found that the disease of a servant to whom
he was called, proceeded from the depressing influence

of fear ; and it appeared, on enquiry, that this person
was unable to give a proper account of some property

which had been conmiitted to his charge. In short,

Galen seems to luive shone as an accurate student of
the phenomena of disease, and to have applied to pro-

fessional uses a g«ieral and ready knowledge of the

human heart.

At Rome he was intimate with the first characters

in the literary world, such as Eudemus and Alexander
Daniascenus, two celebrated Peripatetic teachers, and
Sergius Pauhis the praetor, a man of consular dignity,

the most eminent man in Rome for intellectual accom-
plishments, and for ability in the management of state

affairs. The great success of Galen, his growing cha-

racter, and the high remunerations which he some-
times received, . excited the hostility of his competitors,

most particularly among the sect of the Methodics
whom he opposed, and who at that time were in high
credit. They represented his success in practice, and
the accuracy of his predictions in disease, as entirely

the effect of accident. The latter was sometimes ascri-

bed by them to the art of magic. The annoyance
which he sustained from this opposition, and the break-

ing out of a plague in the city of Rome, determined

him, in the 37th year of his age, to leave that city, and
return to his native country. But he had not remain-

ed long there, when he was invited to attend the Em-
peror M. Aurelius in Aquileia, and in the train of this

emperor he returned to Rome. Aurelius gave him the

charge of his two sons, Commodus and Sextus, dui'ing

his absence in the CJerman war. Galen ingratiated

himself at court, by performing some successful cures

on Commodus, and by showing the accuracy of his

judgment in the prognosis which he pronounced of an
acute disorder with which Sextus was affected. \\'Hen

the emperor himself was afterwards seized with sick-

ness, Galen told him that it was entirel}' the effect of

an overloaded stomach, and gave him relief by a suit*

able presci'iption. This benignant emperor was no less

pleased with the philosophic spirit and the virtuous

habits of Galen, than with his professional ability. On
the dc-ith of Demetrius, Galen was appointed to suc-

ceed him as the sole compoimder of the famous pre-

paration called theriaca, a distinction which served to

mark him as the first physician of his day. It does

not appear that Galen continued stationary in Rome
till his death. Several years of his life, though we
know not how many, seem to have been again spent

in his native city. Galen died at the age of 70. The
place of his death is unknown. Some say that he lived

to the age of 87, and a fabulous story was at one time

circulated that he lived I iO years.

The biographers of this celebrated man have de-

lighted to recount the virtues for which he was eminent,

such as fortitude, inflexible justice, and piety. He ap-

jjcars to have held the creed of the unity of the Deity.

A zealous writer has laboured to show tliat he died on

his way to Judea, on a journey which he was led to

undertake by the claims of the Christian miracles.

From this a hope is suggested tliat he had submitted

to the rite of Cliristian baptism, and died within the

bosom of the Catholic church. These facts, however-.

»:
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are but ill authenticated. His dutiful sentiments to>

wards liis father, his devoteclness to Ills native country,

(the interests of wliieli he often cultivated to the ne-

glect of Ills own fortunes at IJome,) the grateful vene-

ration whicii he entertained for his teachers, the sedate-

ness of his manners, the correctness of his conversation,

which was equally remote from obscenity and ridicule,

the mildness of his temper, his gentle behaviour to-

wards his servants and all around him, and the cheer-

ful animating tone of his discourse with the sick, are

\irtues which, though not uncommon, it is pleasant to

find adorning t!ie character of this great physician.

In his reasonings he was reckoned solid and close,

in every argument confounding his adversaries, and
voraing oil' triumphant. The most unbecoming qua^

lity betrayed in his writings, is a disposition to boast

of his own ability, and to treat other writers with con-

tcm)>t.

Pie wrote several treatises which have not reached

our daVi among which are his books on philosophy and
grammar. Five hundred treatises on medicine are

ascribed to him, and half that nimiber on other subjects.

Galen, though possessed of a mind too independent
to submit implicitly to any of'his predecessors, uncon-
sciously forged cliains which enthralled the medical
opinions of many succeeding ages. The contending
errors of ancient systems, produced a very powerful
effect on his inquiring mind. He entertained the plau-

sible opinion, which was so universal among the an-
cients, that all particular truths in philosophy are to be
deduce<l from general or first principles. The speci-

mens of philosophical truth, however, which he found
thus substantiated in the various schools, were so unsa-

tisfactory, and so often at variance with the phenome-
na of nature, tliat at one time he was strongly disposed
to embrace that philosophy, which declares the univer-

sal uncertainty of human knowledge, a system which,
under the name of Pyrrhonism, was at that time very

prevalent. From this he was preserved, by contem-
plating the satisfactory results which mathematical sci-

ence afforded in the problems of geometry and astrono-

my, and, in a particular manner, the calculation of
eclipses, and the undoubted utility of dials and other

mathematical instruments. On comparing the proofs

of the certainty of science, with the numerous speci-

mens of its errors, he was not induced to abate his ex-

clusive confidence in synthetic reasoning, but drew tlie

inference, that the true data or first principles, wljicii

were the foundations of natural science, had not yet
been discovered. He conceived that he himself wa^i

destined to lead the way in the investigation of medi-
citl truth. To this object accordingly all his efforts

were powerfully directed. If he had not laboured un-
der the error now mentioned, which was derived from
Aristotle, an error common to him with other men of
learning in that age, and which never indeed lost its

dominion over science till the appearance of the No-
vum Organon of Bacon, Galen would have produced a
work as conspicuous for solidity and minute informa-
tion, as for genius and conipreliensiveness of thought.
Future ages would then have approved while they won-
dered. His system, though defective, and often ren-

dered illusory by the intermixture of the subtile doc-
trines of Aristotle, was ingenious and well connected.
His talents enabled him to stop the spirit of improve-
ment for fifteen centuries; but now, when emancipated
from his illegitimate dominion, we are enabled to pro-
fit by his labours, antl to contemplate in his writings a
mighty monument of genius and industry, fitted at

tialicii.once to animate exertion, and to repress presumption.

For an account of his opinions, see the History oj \n\- — i
—

TOMY, and the Hislon/ o/'Mnnici.vE.

Galen wrote with elegance in the ordinary dialect of

the Greek language, inclining to the Attic.

The Grof'k editions of liis works are those of Aldus
and And. Asulanus, printed at Venice in 1525, in five

iblio volumes ; and tliat of Hieron Gemusaeus at Basle,

in 1538, in the same form.

The editions of Latin translations of his works are

more numerous, and were published at Paris, Venice,

and Basle. Rent- Chartrier published his works in

Greek and Latin, along with those of Hippocrates at

Paris. See Eloy's Did. Hist ; Le Clerc's Hist, de Me-
dicine ; and the prefatory dissertations to tile different

editions of Galen's works, (d. ii.)

GALICL\, a provinceof Spain, situated in the north"

west angle of tiiat kingdom ; is bounded on the south Boundaries,

by Portugal, on the north and west by the Atlantic

Ocean, and on the east by Asturias and Leon. It lies

between i\° 50' and 43° 46' North Latitude, and be-

tween 6° 10' and 9" 10' West Longitude, forming a

very irregular kind of square, extending about 40
leagues from east to west, and 4(i from north to south.

It takes its name from its ancient inhabitants the Cal- 'ijistorf.

laici, or Galla;ci, and formerly comprehended a part of

Old Castile. In its mountainous districts, as well as

in those of Asturias and Biscay, the Cantabrians resist-

e<l all the power of the Roman armies; and in 714,
presented the strongest barriers to the invasion of the

Moors. Galicia was constituted a kingdom in the year

1060, by Ferdinand the Great, king of Leon and Cas-

tile, and was assigned as a province to his son Don
Garcias ; but till the reign of Ferdinand and Isabella,

in 1474, the inhabitants maintained, amidst their moun-
tains and rivers, much of their original independence.

The nobility, without paying great regard to the royal

authority, acted as sovereigns in their respective terri-

tories, and encouraged their vassals in their marauding
practices. But, by the exertions of Ferdinand and Isa-

bella, these disorders were repressed, the country civi-

lized, and the inhabitants attached to the Castilian mo-
narchy.

The country is in general covered with mountains, Aspect,

most of which are well wooded, and very abundant in mountains,

game. An extensive mountainous chain, which pro- "''' rivers,

ceeds from the Pyrenees near Ronoevallos, traverses Ga-
licia from Leon, till it terminates at Cape Finisterre, the

most westerly point ofland in tlie province. The most
considerable part of this branch is occupied by the

mountains of the Sierra de Mondonedo, which occupy
the whole of the north-eastern extremity, and extends

northwards as far as Cape Ortegal. Tlie principal ri-

vers in the province are, the Eo, Eu, or Rio de Miran-

da, which runs from south to north along the common
boundaries of Galicia and Asturias, and falls into the

Northern Ocean above Ribadeo ; the Sil, which rises iii

the mountains to the west of Leon, and proceeding

westwards in a very circuitous course of 33 leagues,

joins the Mino a few leagues nortli uf Orense ; the Mi-
no or Miniio, (in l,atin Miniiis, so named from the ver-

milion which is found in abundance in its vicinity,

)

which rises in the east of the Sierra Mondonedo, and,

after a course of 5il leagues in a south-west direction,

falls into the Atlantic near the port of Guardia ; tlie

Tambra or Tamaris, wliich gives the name of Tamari-
ciaiis to the people on. its banks, and runs for the space

of 20 leagues from the north-cast to the south-west ; the

Ulla, which originates in the interior of the country.
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Gdicia. and bas a course of 23 leagues in a south-east direction ;

''^^'Y'"^ the Mandeo, the Eume, and a number of others to the

amount of seventy, besides an immense number ofsmall

streams.
Mimeids. -pjjg province of Galicia is said to have been former-

ly celebrated for rich mines of gold and silver ; but

its metallic productions at present are chiefly copper,

lead, and tin. Between Corunna and Betanzos, there

are quarries of jasper and white marble; and in other

places there are found also marcassite, vitriol, sulphur,

&c. The country abounds in mineral waters, and espe-

cially in hot springs, many of which are well frequent-

ed for the purpose of bathing. One part of the town
of Orense, in consequence of the number of these ther-

mal waters, which warm the air by their vapours, en-

joys all the mildness of spring, while the opposite pai't

IS experiencing all the rigours of winter. There is one

wonderful spring called Lousana, at the source of the

river Lours, on the mountain of Cebret, which, though

20 leagues distant from the sea, and raised considerably

above its level, is obserevd to ebb and flow with the tide.

Its waters also are at one time as cold as ice, and at ano-

ther extremely warm, in which latter state they are al-

ways most copious. In the forests and mountainous

districts are found a variety of wild animals, particu-

larly roebucks, hinds, stags, boars, and a great quantity

of game. In its numerous rivers and extensive coasts,

immense quantities of fish are taken, particularly sal-

mon, sardin herrings, shad, trout, lampreys, skate, eels

of all kinds, and above all the hog-fish, which has no
bones, and being caught in the months of November
and December, are frequently sent quite fresh into the

provinces of Castile and Leon.
Climate and There may be said to be three different temperatures
productions,

j^, ^.jjg different districts of the province ; that of the

coast, which is generally mild and gentle ; that of the

mountains toward the north-east, which is cold, damp,
and rainy ; and that of the valleys towards the south-

west, which is warm, dry, and pleasant. It is indeed of

all parts in Spain the most subject to frequent rains and a

cloudy atmosphere; but it is every where salubrious, and
generally productive. There are vast quantities of lof-

ty trees, especially oak, walnut, chesnut, and hazel

;

and in many places are seen mulberry, orange, and le-

mon trees, vines, apples, and a great variety of other

excellent fruits. Though in some parts the soil is

not very fertile by nature, the industry of the in-

habitants has done much for its improvement. The
lands frequently bear wheat, barley, rye and oats;

and great quantities of maize, millet, flax, hemp, pulse,

and excellent vegetables. The farmers fatten great

numbers of cattle, besides raising some good horses,

mules, and a fine breed of asses and hogs. Numerous
flocks of sheep and goats are seen upon the ridges of
the mountains ; and in many places abundance of ex-

cellent poultry is reared.

Manufac- There are fewer manufactures in Galicia than in the
tuies.,, other provinces of Spain ; and, though the inhabitants

are remarkably industrious, they seem to have little in-

ch'nation for the more mechanical arts, or the occupa-
tions of commerce. There are at Corunna and Ferrol
rope-works and manufactories of sail-cloth, chiefly for

the use of the Spanish navy. In the province of Lu-
go, woollen stuffs, hosiery, and coarse cloths, are made.
In the territory of Monforte, in the county of Lemos,
there are manufactories of silk, which produce a consi-
derable revenue. There are also made in the province
leather, tapes, soap, some printed calicoes, tolerably
good table llnenj a considerable number of hats, and

great quantities of knit stockings, of which last article Galidn

it is calculated that 25,000 pairs are annually sent to
''""^

the neighbouring provinces, and double that number
to America. Its principal articles of commerce are cat- Articles

tie, mules, horses, fish, cloth, wool, and wine, which «"»°i«"

are sent into the other provinces ; salt provisions, par-
ticularly salted fish, which goes to foreign countries

;

leatlier, skins, hides, hats, soap, table-cloths, napkins,
stockings, to America. Its exportations are made from
the port of Corunna, and its imports, excepting those

fi'om America, are received by Vigo.

Galicia contains seven cities, 74 towns, 34'34 viDages, cities,

and 3683 parishes. The principal inland towns are
San Jago de Compostella, the capital of the province,

and residence of the archbishop, Lugo, Orense, Mon-
donedo and Tuy, each the seat of a bishop, Porto-Ma-
rin, Portvelezar, Torbeo, Velezar, SalvatieiTa, Mon-
forte de Lemos, Viana, Monterey, Ponte vedra, &c.
On the coast are forty sea-ports, but the greater part

are very small, and the most worthy of notice are Co-
runna, Finisterra, Bayona, Gondomar, Muroz, Rival-

deo, Ferrol, Betanzos, Vigo, &c. The population of
the province, in proportion to its extent, is greater than
that of any other in Spain ; and is estimated at neai'ly Populatii

one million and a half. The people are chiefly employ-
ed in agriculture and fishing ; and are distinguished by
their simplicity of manners, hospitality of disposition,

and general disregard of the arts of luxury. Tliey are
large and robust in their persons, commonly barefoot-

ed, and capable of supporting every kind offatigue. The
women are fair and tolerably handsome, with fine teeth,

and very regidar, but not very expressive features. The
Galicians are naturally of a martial spirit, and great

numbers of the young men enter the army even at fifteen

years of age. They pique themselves upon their descent
from the old Christians, who have never intermarried

with converted Jews or Moors ; and they are equally

noted for tlieir regard to religion, and their loyalty to

the king. They are serious, grave, sober, rather soli-

tary and retired in their habits, but unifonnly distin-

guished by probity and courage. Their language is a

mixture of the ancient Castilian and of the Portuguese,

with several expressions of the Latin. They are said

to have been the first poets in Spain ; and a few of
their ancient verses are still retained by tradition. But
the chief characteristic of the Galicians is their inclina-

tion to emigrate to other provinces in quest of employ-
ment, though they can neither be said to be very poor

or in want of subsistence at home. It is supposed that

not less than 1 00,000 annually leave the province in this

view, many of whom never return. They are uniform-

ly employed as labourers in the time of vintage and
harvest, m the two Castiles, and Portugal ; and, when
they do not appear to assist in these countries, much of

their valuable produce, from the slovenly manner in

which it is gathered, is actually trodden under foot. The
great proportion of servants in all the principal towns
of Spain are either Galicians or Asturians, who are ge-

nerally preferred on account of their fidelity and obe-

dience. They are ready to perform any kind of occu-

pation, however'servile, sweeping chimneys, or cleaning;

shoes ; and the porters and water carriers in Madrid,

Cadiz, and even at Lisbon, are commonly Galicians:

at the same time it must be observed, that the name
Gallego, which properly signifies a Galician, is now
applied to the occupation as well as to the country

;

and is given to a person from any other province, exer-

cising the employment of a porter. These Galicians

are everywhere remarkable for their submissive dispo-^
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a»lkia. sition, find are too often treated like slaves; but tlieir Gy\LILKO Galilici, nn eminent Italian astrono-

'"''Y"""^ patient endurance is said to proceed from a fear of dis- mer and natural philosopher, was born at Pisa, in Italy,

plcasinj; rather than from any meanness of spirit; and, on the 1,5th February ISfi^, and was the son of Guilia

in their native country, their character is found to be Ammanati di Pescia, and Michelagnolo VincenzioGali-

sufliciently decided. As a proof of the general honesty leo, a Florentine nobleman, who distinguished himself

of the Galicians, it is wortliy of notice, that in many by his writings on musical subjects. The earlier years

parts of the province, but particularly in the vicinity of of Galileo were occupied with the study of music and,

Orense, where much excellent wine is made, every drawing, in both of which he made singular progress,

proprietor deposits the protluce of his vintage in vaults, but as the limited fortune of his father did not permit

at a little distance from the villages ; and, though tliese him to settle his son in a state of comfortable indepen-

cellars are neither guarded by any watchmen, nor even dence, he resolved to educate him as a physician, and

in many cases secured by shut doors, there is no in- after going through the usual course of instruction at

stance of a theft being committed upon the property, Florence, hewasentercd in 1582, at the university of Pisa

thus in a manner delivered over to the public faith, as a student of philosophy and medicine. The doc-

See Laborde's Vierv of Spain, vo], u. (</) trines of Aristotle, which were then taught in the

GALICIA, or Gallitzia, is the name given to public schools of Italy, were not congenial to a

the southern part of the possessions which the House of mind like Galileo's, and he was equally disappointed

Austria acquired at the partition of Poland in 1772. in the pleasure which he anticipated from the study

The northern part, called Lo<lemeria, was an ancient of physic. He therefore abandoned for ever the me-
depeadance of the kingdom of Hungary. Galicia is dical profession, and devoted himself with unremit-

separated from Hungary by the Carpathian mountains ;
ting ardour and proportionate success to the study

and, including Lodemeria, it contains 1280 square ofmathematics. Without the aid of a master he studied

German miles, or nearly 3555 square leagues. the different books of Euclid, and made himself master

The following Table will shew the agricultural state of the writings of Archimedes, and the other ancient

of this province. It contains in metzens, a German geometers. His fame as a mathematician was soon

measure equal to nearly 5^ French bushels, the annual widely extended ; and in the year 1589, before he had

produce of the province. reached his 26th year, the Duke of Tuscany appointed

Rye 1,148,123 Metzens.
him to the mathematical chair in the university of Pisa.

viTL ,. 4^, c /^«, In the discharge or his duties as a protessor, he mcur-

P 1 7qs's72 ^^^ ^^^ resentment of some of the more violent Aristo-

,v .^
IfiTfi'l''?

telians, whose doctrines he did not scruple to oppose

;

p ' q8''!2? and his tranquillity and his studies were frequently dis-

wjii
7fi'^7n

turbed by the hostility of his metaphysical enemies. He
T »•! >ra'ar,n resolved therefore to change the place of his residence.
Lentils 70,370 ,, , ,, ^ i c -.Kz u- u i • i

Forajre 3 1 SO 1 77 Cart loads ^ gladly accepted of an invitation which lie received

Number of horses in 1780 ' 35,079 ' ^ fill the mathematical chair in the university of Padua.

Number of homed cattle 1,556,276 ??^ ^^^^'f
'"

^^f'
^""^ contmued m his new situa-

Draught cattle 38,234 *'°!' «'
l^^^^^

f?''
^.yf'^^'

raising the reputation of the

p, °
S 259 university by the brilliancy of his talents, and diffusing

'
a taste for science through the whole of Tuscany. His

The following Table will shew the state of its ma- affection for his own country, however, induced him to
nufacturing industry at the same period of 1780. accept, in 161I, the mathematical chair at Pisa, from

Water-mills 4694 Cosmo II. fJrand Duke of Tuscany, who annexed to it

Wind-mills 57 * ^^""y handsome pension. The same nobleman after-

Saw-mills 259 wards invited him to Florence, with the title of princi-

Oil-mills 472 P*^ mathematician and philosopher to his highness, and

Powder-mills 11 continued his former pension, without any obligation

Paper-mills 41 to discharge the duties of the professorship.

Iron forges 40 ^" these various situations, Galileo's attention was

Manufactories of potash 25 particularly oc^-upied with the subjects of optics and me-

Glass-works 21 chanics. During his first residence at Pisa, he was led to

Salt-works of various lEinds 232 the idea of measuring time by the pendulum, by ob-

_,, , ,.,_,,.. . ., ^ , ,
serving the motion of a lamp in the cathedral of Pisa.

The trade which Galicia carries on with Poland, From reading the treatise of Archimedes, De his quce
Hungary, &c. consists principally of grain cattle, hides, ^,ekuntur in aqua, he was led to the invention of his

"^^l '^',7' ' '
?"\°'''^'" productions of Its territory. Balance for determining the proportion of the ingredi-

.
The following is the number of towns and popula- ents in mixed metals. He constructed a glass themio-

tion of Gaheia and Lodemeria m 1780, according to M. „,eter, which contained water or air; and in 1597 he
. cnJoetzer.

invented his geometrical and military comjjass, of which
iowns 199 he published a description at Padua in 1606. In April

Vn'"^^
*"" y 1609, when he was on a visit to Venice, he was

illages
Ana^^t accidentally informed that a Dutchman, of the name of

r Ml*^^*
408,447 Jansens, had invented an instrument through which dis-

Christians -j p *•
rin

tant objects had the same appearance as if they were

CmT
1,093,311 brought near the eye. Galileo reflected deeply on the

Jews . . . -ip* 'i
68,601 subject ofthis contrivance, and,from his thorough know-

T, ^ , , s
^™*'^* 70,472 ledgeof the properties of lenses, he was soon enabled not

Total populaUon 2,344,826 ^,„ip t„ discover the principle of its construction, but
Galicia is watered by the Dniester, the San, and seve- to complete one of the instruments for his own use. He

ral other rivers. Lemberg is the capital ofthe province, immediately applied his telescope tp the heavens, and
VOL. X. PAKT I. K

Galileo.
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Calileo. made those splendid discoveries of which we have al-
"^^^^"^ ready given a full account in our History of Astrono-

my, vol. ii. p. 597, and p. 612, 6l3.

It was during tliese observations that he was invited

to Florence, where he enjoyed the fullest leisure to pur-
sue them with diligence, and to carry on a correspon-

dence with the principal philosophers of Germany, re-

specting the discoveries which he had made, and the
great truth of the earth's motion, which they tended to

establish. Galileo had scarcely enjoyed four years of
tranquillity at Florence, when the fame of his discoveries,

and his sentiments respecting the stability of the sun,
reached the ears of the holy inquisition. Formal com-
plaints were laid before tliat vigilant body; and Galileo
was summoned to appear at Rome, in 1615, to answer
for the heretical doctrines which he had taught. He
was accused ofmaintaining the motion of the earth, and
the stability of the sun ; of teaching the same doctrine
tc several of his disciples ; of carrying on a correspon-
dence on tlie subject with several German mathemati-
cians; and ofhaving published it, and attempted to recon-
cile it to Scripture in his epistles to Marc Velser, in l6l2.
A meeting of the inquisition was held on the 25th of Fe-
bruary I6l6, and they decreed thatCialileo should be en-
joined by Cardinal Bellarmine, to renounce the doctrines
which he taught, and to promise neither to teach, nor
defend, nor publish them ; and that, if he refused to
acquiesce in this sentence, he should be thrown into

prison. * On the following day, the 26th of Febru-
ary, Galileo appeared before Cardinal Bellarmine ; and
having declared that he would abandon the doctrine
of the earth's motion, and would neither defend it

nor teach it, either in his conversation or in his wri-
tings, he was dismissed from the inquisition. The
mildness of this sentence was no doubt owing to the
interposition of the Grand Duke of Tuscany, and other
persons of gi-eatrank and influence at the papal court,

who took a warm interest in the fate of Galileo. The in-

quisition, however, was not satisfied with this abjuration,
'fhey issued a decree, declaring the new opinions to be
heretical and contrary to scripture, and prohibited the
sale of every book in which they should be taught.

Galileo returned to Florence, and prosecuted his stu-

dies with his usual ardour and success. The opinions
which he had disavowed, acquired additional strength

from every new discovery. He resolved, therefore, to

publish them to the world, but in such an indirect man-
ner as to prevent, if possible, any interference on the

part of the inquisition. He accordingly published at

Florence, in 1632, his great work, entitled, Dialogo di

Galileo Galilei delle duo massime Sisleme del Monde, To-
lemaico c Copernicano. The subject of the Ptolemaic

and Copernican system is here discussed by three

speakers, Sagredo, Salviatus, and Simplicius, a Peripate-

tic philosopher, who defends the Ptolemaic system with
much ingenuity against the overwhelming arguments
of the other speakers, t
The church of Rome again took alarm at the publica-

tion of this work, and Galileo was a second time summon-
ed to appear before the holy inquisition in the year 1633.
Although he had now entered the 70th year of his age,

yet he was compelled to repair to Rome ; and upon his

arrival in that city, he was confined to the apartments of
the fiscal of the inquisitorial tribunal. By the inter-

cession of the Grand Duke, however, he was permitted
to reside in the house of his ambassador during the
trial, which lasted about two months. At the end of
this period he was brought up to receive the sentence

of the court, which was signed by seven cardinals.

This sentence, which is one of the most remarkable
documents which the history of superstition can pre-

sent, begins by recounting the former heresies of Gali-

leo, and reminding him of the gentle punishment which
had been inflicted. It accuses him of having obtained

dishonourably a license for printing his book at Flo-

rence, and ordains that he shall, in the most solemn
manner, abjure the Copernican system, as contrary to

the scriptures ; and bind himself by oath never to main-
tain or support it, either in his conversation or his wri-

ting«. In order that this great heresy should not pass

altogether without punishment, the court also ordained

that the sale of his Dialogues thould be prohibited by
a public edict ; that he should be detained in the prison

of the inquisition; and that he should for three years

recite once in the week the seven penitentiary psalms,

the court reserving to itself the power of modif^'ing or

removing this sentence.

The abjuration of Galileo, a copy of which we have
given below, J was signed on the 22d June 1633, and
exhibits a mortifying picture of human imbecihty. If

GalUt

On the autliotity of many distinguished writers, we have stated, in our history of Asthonoihy, that Galileo was tlirown into solitary

fonfinement. This, however, is a mistake, as there is abundance of evidence to prove lliat he was merely threatened with confinement, if

he should refuse to acquiesce in the sentence of the inquisition.

f S^edo, a learned Venetian, and Salviatus, a learned Florentine, were two of Galileo's intimate friends, but were both dead when
he published his Dialogues. They had often discussed the same subject with Galileo at Venice, and their names were introduced a£ a

mark of respect to their memory.

J •• Ego Galijaeus Galilaii filius quondam Vincentii Cililaei Klorcntinns aetatis mea; annorum'TO constitutus personalitcr in judicio, et genu-
fiexus coram vobis Emincntissimus et Reverendissimas Dominis Cardinalibus universic Christiana; Reipublicse contra haereticam pravitattm

generalibus inquisitoribus, habens ante oculos meos Sacrosancta Ev.-mgclia, qiune tango propriis manibus, juro me semper credidisse et nunc
credere, et Deo adjuvante in posterum crediturum oranc id, quod t«net, pra>dicat et docet S. Catholica et Apostolica liomana licclesia. Sed
<;uia ab hoc S. Officio, eo quod postquam mihi cum praecepto fuerat ab eodem juridici iiijimctum, ut omnino deserereni faUam opinionem,

qua tenet solem esse centrum ac moveri, nee possem tencre, defcndere aut docere quovis modo vcl scripto pra;dictam falsani doctrinam et

postquam mihi noiificatum fuerat pr.-edictam doctrinam rcpugnantcm esse Sacrae Scripturae : Scripsi et typis mandavi librum in quo candem
doctrinam jam damnatam tracto et adduco rationcs cum magna efficacia in favoiem ipsius, non afferendo uUam solutionem ; idcirco judica-

Uis sum vchementer suspectus de hferesi, videlicet quod tenuerim et crediderim, eolem esse centrum mundi et immobUera, et terram non esse

centrum ac moveri.
•' Idcirco volens ego eximere a mentibus Emintniiarum Vcstrarum et cujuscunque Christiani Catholici vchcmentem banc suspicionem ad-

versum me jure conceptam, corde sincero et fide non ficta abjuro, maletlico, et dctestor supra dictos errores et ha^reses, etgcncraliter quem-
cunqae alium crrorem etsectam contrariam supradictae S. Ecclesia;, et juro me in posterum nunquam amplius dicturum, autasscrturum voce
aut scripto quidquam, propter quod possit haberi de me similis suspicio ; sed si cognovero aliquem ha!reticum aut suspcctum de liaeresi,

denuntiaturum ilium huic S. Officio aut Inquititori et ordinario loci, in quo fuero. Juro insuper ae promitto me implcturum et observativ
rum intcgre omnes poenitentias quae mihi imposita; sunt, aut iniponentur ab hoc S. Officio. Quod si contingat me aliquibus ex dictis raeis

proniitsionibus, protestationibvis, et juramcntis (quod Deus avertat) contraric, subjiejo me omnibus ppcnis ac suppliciis, qua: a Sacris t.'anoni-

bus et aliis constitutionibus generalibus et particularibus contra hujusmodi delinquentes statuta ct promulgata fuerant : tic me Deus adjuvet
et Sancta ipsius Evangelia, qua. tango propriis manibus.

" Ego Galileus Galilei supradictus .ibjuravi, juravi, promisi ct me obligavi ut supra et in horam fidem mca propria Imanu subsciipM
pnesenu chirographo mesD abj\irationis, et recitavi de verbo ad verbum Uonia; in Conventu Minerva hac die 22 Junii anni I63'3,
" Ego Galilsus GalUjei abjuiayi ut supra manu propria."
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the ignorant zeal of the assembly of cariHnaU has met

with universal cotidomnation, what must we think of

the conduct of a pliilosoplier, who, for the sake of a

few years of freetlom, could solcninly abjure and re-

nounce opinions which he implicitly believed, and which

he had himself established by years of incessant labour?

He who has the boldness to maintain opinions in oppo-

sition to the vulgar prejudices of the age in which lie

lives, should have also the fortitude to bear the conse-

quences to which they may expose him. The fame of

discovering and defending truth, is in no small degree

tarnished by the meanness of afterwards abjuring it

;

and yet the history of persecution affords more tlian one

example of science having exposed herself to this worst

of indignities.

Had Galileo maintained with firmness the truth of

his doctrines, he might even have succeeded in disarm-

in"- the bigotry of iiis enemies; and if he failed in this,

he would have at least secured the approbation of

future ages. The truth of the Copen\ican system

was at that time admitted by numerous distinguisiied

. and pious individuals, and there were many mem-
bers even of the Catholic church who found no dif-

. culty in reconciling it with the apparently opposite

language of scripture. It is a curious fact, which

has not been noticed in any of the lives of Galileo

which we have seen, that, during the first persecu-

tion of Galileo in 161.5, or rather before it, an illustri-

ous Neapolitan nobleman, Vincennio Caraffa, had re-

quested the opinion of I'aul Antony Foscarinus, a learn-

ed Carmelite, respecting the Pythagorean and Coperni-

can doctrine of the mobility of the earth. In his letter

upon this subject, he reconciles the various passages of

scripture with the new system, which he considers as

well founded. He notices, with praise, the opinions

of Galileo and Kepler ; and he dedicates his epistle to

the chief of the order of the Carmehtes. This learned

epistle was dated at Naples on the 6th January 1615,

and was printed by permission at Florence on the 11th

September 1 630, tiiree years before the second perse-

cution of Galileo.

When we consider, therefore, that the new system

liad been pronmlgated more than a century before the

. time of Galileo, by Copernicus, who was himself a Ro-

. man Catholic clergyman ; that the book which contain-

ed it was dedicated to the Pope himself; that the Cc)-

pernican doctrines were embraced by Roman Catholic

bishops and cardinals ; and that they were maintained

with impunity in Italy by some pious Catholics, at the

very time when Galileo defended them ; we can scarce-

ly hesitate to believe, that Galileo had been a habitual

and marked enemy of the Catholic faith, and that the

inquisition had seized the opportunity of punishing

. him for his astronomical opinions, when they were irri-

tated only at his irreligious sentiments. *

Through the influence of some distinguished indivi-

duals at Home, Pope Urban VIII. softened the rigour

of the sentence, and confined him for a while to the

palace of the Garden de Medici at Rome. On account

of his state of health, Galileo was allowed to leave

Rome ; and as the plague then raged at Florence, he
was sent to the archiepiscopal palace at Sienna, the resi-

dence ofthe Archbishop Piccolomini, where he continued

the prosecution of his studies, and demonstrated tlte

propositions respecting the resistance of »olids. After Galileo,

remaining about five months at Sienna, when the plague ''"'"V"'™^

at Florence had disappeared, he was allowe<l to retire

to his villa at Bellosguardo, and uftcrwards to that at

Arcetri, in the neighbourhood of Florence, where he
spent the remainder of his life.

In this tran([uil sj>ot, he observed the phenomena of
the moon's libration, he continued hi:i observations on
the motions of Jupiter's satellites, and he proposed a
new method of finding the longitude at sea, by obser-
ving on different meridians the frequent eclipses of these
secoudary planets. This important subject had occu-
pied his attention before the year 1615, and the se-

cretary of state to Cosmo Grand Duke of Tu.?cany,

had communicated the hivention to the Tuscan Am-
bassador at Madrid, for the information of Philip king of
Spain ; f but no attempt seems to have been made by
the Spanish government to adopt it in their navy.
Galileo, however, persuaded of its practicability, offer-

ed the use of his discovery to tlie States General of
Holland, through Grotius ambassador to the Queen of
Sweden, at Paris. The negociation with the States

of Holland was carried on by M. Diodatus, a cele-

brated French lawyer. The States General eagerly

embraced the proposal, and returned a polite letter in
answer to Galileo's offer, accompanied with a golden
chain as a testimony of their gratitude. Four of the
most distinguished Dutch navigators, astronomers, and
geographers, were appointed as a committee to exa*
mine both the theory of the new method, and the pro-
posal which Galileo had made of a method of dimi-
nishing the agitation of a ship, for the purpose of ob-
serving the eclipses of Jupiter's satellites. Martin Hor-
tensius, a mathematician at Amsterdam, and William
Bleau, a geographer, and both members of the commit-
tee, were appointed commissioners to visit Galileo, and
receive instructions from him respecting the theory
and practice of his discovery. When they arrived at

Arcetri, they had the mortification to find that Galileo
had recently been deprived of his sight. He conunu-
nicated to them, however, his views respecting the de-
termination of the longitude, and occupied liis hours of
study in computing tables of the motions of the satel-

lites of Jupiter. W'e are not distinctly informed what
was the result of this interview ; but astronomiad in-

struments were then in an imperfect state, and Galileo's

method, though admirable in itself, could be of no
practical use, till the eclipses of the satellites could be
computed from accurate Tables of their motions.

In the year 1636, when the Count de Noailles, the
French ambassador at Rome, was returning to Paris,

he paid a visit to Galileo at Arceti-i, with whom he had
formerly corresponiled. Galileo presented him with a
manuscript copy of his great work, entitled, Discursus
el Devtonstralioncs Mathemalkoe circa duas novas Scien-
tias pertinentcs ad Mechanicam el Mutum Localem. The
Count de Noailles sheweil this work to several of the
jihilosophers at Paris, and actually sent it to be printed
by the Elzivirs at Leyden. Galileo was just preparing
to send manuscript copies of the work into Germany,
Flanders, England, Spain, and perhaps into some parts
of Italy, % when he received a letter from the Elzivirs,

stating that the Count de Noailles had put the MS. into

their hands, and requesting him to transmit a dedica-

* See our Life of Copernicus, where we have stated some additional reasons for this opinion,

•f Tills correspondence is published in the Opere di Galileo, voL ii. p. 43 1.

•^ Galileo mentiuns this fact in tbc dedication of this uork to tlie Couut of Xoajlles. His hesitation about sending MS. copies

into Italy is curious; " et forsan," says he, " in loca (jiixdum Italia:."
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Galileo, tion as soon as possible. Galileo was delighted with

"-^i"—' this plan, and drew up, in the most flattering terms, a

dedication to the Count, which is dated at Arcetri,

March 6th, 1638. This work contains some of his

finest discoveries. The doctrine of motion is treated

ably and geometrically. The theory ofequable molio)is,

and of motions uniformly accelerate<l and retarded, and

of these two combined, is correctly explained. Galileo

had the honour of first demonstrating, that the spaces

described by heavy bodies are as the squares of the times,

and that aU projectiles move in a parabolic orbit. He
also laid the foundation of the subject of the strength

of materials, and treated with much perspicuity the

doctrine of the force of percussion.

The last days of Galileo's life were spent in the in-

vestigation of the force of percussion, and some other

mechanical subjects ; and, in consequence of the in-

tensity of his application, he brought on a slow fever,

and a palpitation of the heart, which carried him off

on the 8th of January 1641, in the 77th year of his age.

The death of this great man was universally regretted,

and the sciences were considered as having sustained an

irreparable loss. His body was carried from Arcetri to

Florence, and at the desire of the Grand Duke of Tris-

cany, he was buried in the church of the Holy Cross,

in the ancient sepulchre of the noble family of Ga-
lilei.

The most complete edition of Galileo's works, was
published at Padua in l?**, in 4 vols, folio. This sdi-

tion contains numerous annotations, and long commen-
taries, by several of his disciples. The following is a

list of its contents, excluding the commentaries which
we have mentioned

:

Tom. I. Le Operazione del compasso Geometrico, e

militare di Galileo.

Difesa di Galileo contro alle calunnie ed imposture
de Baldassar Capra Milanese.

Discorso intorno alle cose, che stanno in su I'Acqua,

o che in quella si muovono, di Galileo.

Lettera di Galileo al Sig. Tolomeo Nozzolini.

Delia Scienza Meccanica, opera del Galileo con un
frammento sopra la forza della I'ercossa.

La Bilancetta di Galileo.

Trattato del modo di misurar colla vista di Galileo.

Tom. II. Sidereus Nuncius.
Comtinuazione del Nunzio Sidereo.

Istoria e dimostrazioni intorno alle macchie solari, e lo-

ro accidenti, comprese in tre lettere scritte al Marco Vel-
seri da Galileo.

II Saggiatore di Galileo.

Lettera di Galileo al serenissimo principe Leopoldo
di Toscana in proposito di quanto discorre Fortunio Li-
ceti del candor Lunare nel cap. 50 del suo Liteosfero.

Lettera di Galileo al (P. Cristoforo Griemberger della

Compagnia di Gesu in materia) della montuosita della

Luna.

Lettera di Galileo a Monsignor Dini sopra I'uso del
Canochiale, e di Pianeti Medicei.

Risposta di Galileo ad un problema propostogli dall'

illustrissimo Sig. Pietro Bardi de'Conti di Vemio, onde
awetiga, che I'acqua a chi v'entra appaja primafredda,
« poi catda piu dell'aria lemperala.

Lettere di Galileo in proposito de trovare le longitu-
dini per via de Pianeti Medicei, coU'aggiunta d'altre let-
tere scritte al Galileo intorno alia mcdesima materia.

Operazioni Astronomiche di Galileo.
Trattato della Sfera, o cosmographia di Galileo.
Lettere di Galileo a Paolo Gualdo, &c.
Tom. in. Dialoghi delle Scienze Nuove, o sia dis-

corsi e dimostrazioni intorno a due nuove scienze atte-

nenti alia Meccanica ed ai movimenti locali di Galileo.

Lettere di Galileo circa le raaterie trattate nei dialoghi

delle scienze nuove.

Lettere di Galileo, e del P. Castelli del modo di mi-

surare le gocciole d'acqua cadenti sopr<a una data super-

ficie.

Lettere di Galileo a Curzio Picchena, nelle quali trat-

ta della Cnlamita.

Lettera di Galileo sopra il Fiume Bisenzio.

Lettere di Galileo, del P. Castelli, e del Nozzolini in

proposita della stima d'un Cavallo.

Framnienti di Galileo.

Parere di Galileo intorno all angolo del Contatto.

Postille di Galileo al liljro intitolato Esercilazioni Fi'

losqfiche di Antonio Rocco.

Censiderazione di Galileo sopra il Gioco de'Dadi.

Problemi Vari di Galileo.

Pensieri Vari di Galileo.

Tom. IV. Diologo de Galileo delli due massime Sis-

teme del Mondo, Tolemaico e Copemicano.
For a particular account of the discoveries of Galileo,

we must refer our readers to the articles Astronomy,
p. 59, 612, 613; Carpentry, p. 500; Dynamics,
p. 285; Epicycloid, p. 179," Mechanics, Optics,
and Pneumatics. (/3)

GALILEO'S Temperament of the musical scale. In
the Overend MS. works in the library of the Royal
Institution in London, vol. i. p. 1 35, the temperaments
of the principal notes in the scale, in fractions of the
major comma, as mentioned in the second column of
the subjoined Table, are ascribed to the above author.

I 2 3 1 2 3

c VIII F* IV —5.C

B VII—V°c-4c F ++ic +4c
Bt? 7 + 4c E III— 8c -4c
A VI—^c +;c El) 8+ 4c —tC
G* 6+4c I 6v D II—4c —4c
G V-H4C -4c c^ I —4c

But these would produce an extremely irregular dou-
zeave, as appears from the third column, containing the
temperaments of a regular douzeave, calculated by Mr
Farcy's theorems. Philosophical Magazine, vol. xxxvi.

p. 51, and agreeing very nearly with Dr R. Smith's

system of equal harmony. (5)

GALLS, is the name given to morbid excrescen-

ces growing on different plants, in consequence of
the attacks chiefly of hymenopterous insects. The egg
of the insect is deposited in a puncture made with a
sharp sting ; and when it is hatched, the maggot causes

a great degree of luxuriance in this part of the plant,

which appears in various excrescences. Galls are found
in the two British species of oak. The astringent galls

brought from the Levant, and used in dyeing and ma-
king ink, are also the produce of a particular species of
oak. The best Aleppo galls have generally a bluish,

and sometimes a greyish and blackish colour, inclining

to bluish. They are of a close compact texture, are diffi-

cult to break, and are unequal and warty on the sur-

face. The small, white, and broken galls are by no
means good. About 2000 cwt. of galls are annually
used in Great Britain, the value of which, at £Q per
cwt., is £12,000. The permanent duty upon them is

7s. and the war duty 2s. 4d.

The following Table, given by Mr Milburn, shews
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the quantity of galls sold at the East India Company's

sales, from 1804 to 1808, with their prices.

Aver. Price

Years.

March Sale. Sept. Sale. Total. per Cwt.

Cwl. Price. Cwt. Price. Cwt. Price. L. ». d.

1804 330 £2006 51 £362 S8i £2368 6 3 9
180.5 71 559 594 3666 665 4225 6 7

1806 137 80.5 186 1167 323 1972 6 2 1

1807 1036 6611 I'M 665 1170! 7276 6 4 4

1808 6.5.5 367.SI 321 1721 9761 5394 5 10 6
]

Twenty cwt. of galls are allowed to the ton. See

Olivier's Travela in Persia, and the articles Dveivo,

p. 243 ; Ink. .tikI \'kgetai!I.e Physiology; and Mil-

burn's Oriental Commerce, vol. i. p. 137.

GALLE, Point de, is ;i town in the island of Cey-

lon, being the third in point of size, built upon a long

rocky promontory. The fort is about a mile and a half

in circuit, and is situated upon a neck of land, and al-

most surrounded by tlie sea. The works are extensive

and strong, but it is overlooked by some adjacent emi-

nences. The rooms are large and bricked, the walls

are thick, and the ceilings boarded. The houses in the

fort are spacious and comfortably furnished. That of

the commandant is very extensive. The Europeans
live chiefly in the fort, but there are some good large

houses built ab6ut it, and extending along the shore

to the southward. The Cingalese live in cottages and
hamlets scattered about in all directions. The houses
both in the town and at the harbour are better than
those of Trincomalee. The fort is garrisoned by two
or three companies of Europeans ; half a company of
artillery, and a native battalion. The numerous bat-

teries completely command the approach by water. They
are in the old fiashioned style, elevated on walls. The
harbour, particularly the outer road, is spacious, and, ex-
cepting in a south-west wind, the inner harbour is se-

cure. The entrance to it is narrow. The part of the

bason which is land-locked is very small, but it secures

a landing free from surf, which, according to Lord
Valentia, beats with prodigious violence on the rocks

that form the extreme end of the peninsula. On one
of these rocks is erected the flag-staff, whicli therefore

stands without the fort. A canal has been dug between
the bay and a small river, for the purpose of conveying
timber from the interior. It is, however, now in ruins.
" We had here," says Lord Valentia, " excellent yams,
good sallading, and cucumbers. The fruits were bad,
mangoes, guavas, custard apples, cocoa nuts, varieties

of oranges, some of which were black on the outside,

and others the true mandarin, shaddocks, &c. The
mutton is indifferent ; but the beef, the poultry, the
bread, and the fish are excellent. At Galle is a neat
manufacture of tortoise shell." The coast and the sur-
rounding country is very mountainous. The greatest
quantity of rain falls between November and February.
Arrack, oil, pepper, cotton, and cardamoms, are among
its exports. East Long. 80° 20', and North Lat. 6° 4'.

See Percival's Account of Ceylon, and Valentia's Tra-
vels, vol. i. p. 266.

GALL, St, is the name of a town in Switzerland,
Mid the capital of a canton of the same name. It de-
rives its name from the ancient abbey of St Gall, si-

tuated within the walls of the town. The town is si-

tuated between two mountains, upon the small brook of
Steinach. The seat of the cantonal government is in
the chateau of the abbey. The Catholic clergy inha-

GAL
bit the monastery, which contains the library of the

convent, now the library of the canton. It contains

very valuable manuscripts relative to the history of the ,

middle ages. The town library, which contains that of

Vatlianus, is kept in the college, which was founded in

1598. The collection of Vadianus contains many pre-

cious manuscrijjts, among which is a chronicle compre-

hending 1 3 folio volumes of letters ofthe most celebrated

Swiss and German reformers. This library also pos-

sesses a cabinet of petrifactions, collected in the neigh-

bouring country. There is a good collection of paint-

ings and prints in the house ot M. de Gonzenbach, and

a cabinet of natural history in that of Doctor ZoUikofer.

St Gall has always been celebrated as a manufac-

turing town. In the 1 3th century, great quantities of

linen cloth were manufactured here, and at the epoch

of the Council of Constance, 1411—1418, such crowds
of workmen from that city settleil in St Gall, that it be-

came necessary to enlarge the town. The principal ar-

ticles ofmanufacture, are linen goods, muslin, and cotton

cloth. The inhabitants of Swabia, and of the mountains

of Breghentz, were employed in spinning and embroi-

dery by the manufacturers of St Gall ; and towards the

end of the 18th century, the number of embroiderers

amounted to 30,000 or 40,000. The price of a piece

of muslin richly embroidered in gold or silver, some-
times amounted to 60 Louis. The muslins embroider-

ed in white are generally fabricated out of the town in

the cottages of the forest of Breghentz. About the

beginning of tlie present century, spinning machines,

like those used in this country, were erected in St Gall,

and in a few years a great number of these machines

were in full activity, in consequence of the exclusion of

English manufactures from the continent. All the en-

virons of St Gall are covered with bleachfields.

The most interesting promenades and prospects at St

Gall, are near the convent of Notkerseck ; at Vogli-

seck, about a league from the town ; at the Chateau of

Warteck, from which there is a view of almost all the

lake of Constance ; and at the Chateau of Dottenwyl.

The bridge of St Martin is well worthy of attention.

It is built over a wild gorge upon the Goldach. It is the

work ofHungewerk, and is constructed upon the same
principle as the famous bridges of Schauffhausen, Wet-
tingen, and Reichenau. Population of the town 9,000.

GALL, St, Caulnn of, one of the largest cantons of
Switzerland, extends from the lake of Constance to that

of Zurich, and almost to Kunkelsberg on the confines of

the Grisons. It contains forty square geographical

miles, or nearly 1 1 1 square leagues. Independently of
the capital, it has nine towns and 15 convents, of which
1 1 are female ones. In the districts of Sargans, Ulz-

nach. Upper Tockenlmurg, and Rhinthal, which contain

mountains from 7000 to 8000 feet high, the people
are principally employed in rearing cattle. In the

other districts, viz. that of .SV Gall, Gossau, Loner Tocken-

bourg, and Roschach, there are many fine hills and cul-

tivated mountains, with vallies covered with corn fields,

vineyards and orchards. The canton of St Gall con-

tains a small portion of the lakes of Zurich and Con-
stance, the greater part of that of Wallenstadt, and
some small lakes situated in the Alps. It has 10 rivers,

viz. the Rhine, the Tamin, the Saar, the Seez, the

Linth, the Thour, the Necker, the Glatt, the Sitter, and
the Steinach. Population in 1803, 130,301, of whom
nearly one half are Catholics.

GALLEONS. See Acapulco and Spain.
CJALLICIA. See Galicia.

GALLIC Acid. See Chemistry, p. 61.

Gall

Gallic
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. GALLIPOLI, from ««>iA»{ beautiful, and 9r.>.«; a

Galv'Li "''^' ** '"'"'" "^ ''*'>' '" *^^ kingdom of Naples, and

I
'_ province of Otranto, is built upon a rock connected with

tlie continent by a long Ijridge. It is situated at the

heel of the boot, at the very extremity of the kingdom.

The town, which is well built, is hollowed out below

into subterraneous vaults for containing the oil, which
forms the staple trade of this town. The country near

-Gallipoli furnishes enough of com, wine and fruits,

for the consumption of tlie inhabitants; and muslin and
other articles are manufactured out of a species of

cotton which is raised. The duty of export upon
the oil is fully 40 per cent, as the king receives five car-

lins of oil out of every last, -which consists of 12 or 13

carlins. The oil, when placed in the subterraneous vaults

already mentioned, is purified and bettered in its qua-

lity by fermentation, which is occasioned during sum-
mer; but tliis produces in these vaults a heat wliich is

almost unsupportable. In the year 1766, there was ex-

ported from Gallipoli to the other parts of the kingdom,

1 [i95 lasts ofoil, and out of the kingdom 17,323 lasts; be-

sides 43 cantari of spun cotton, and 247 cantari of cot-

ton wrought in different ways. Briganti reckons the

average export of oil at 993,804 Neapolitan ducats.

Population 8,000. East Long. 15'' 58', North Lat.

40" 29'.

GALLIPOLI, is the name ofa seaport town of Tur-
key, in the province of Romania. It is situated on the

Sea of Marmora, on a peninsula which has two har-

bours, one on the south and the other on the north.

The Bazar is a fine edifice, with several domes covered

with lead. The adjacent territory abounds in grain,

wines, fruits, and particularly in excellent melons.

There is plenty of deer, hares, patridges, and ducks.

The cotton collected in the neighbourhood is inferior

to that which comes from Smyrna and Salonica. Wool
of different kinds, and excellent wax, brought from
the different countries on the Black Sea, are sliipped

•in tlie harbour of Gallipoli. Population about 10,000
.Turks, 3,500 Christians, and a smaller number ofJews.
East Long. 26° 37' 30", and North Lat. 40" 25' 33".

GALLON. See Measures.
GALLOWAY, the name of a district in Scotland,

• comprehending the shires of Kirkcudbuight and Wig-
ton, which see.

GALVANI, Lewis, a physician and physiologist,

whose name has obtained a very unusual degi'ee of cele-

brity, in consequence of his having discovered the rudi-

ments of a new branch of science, whicli was called after

him, Galvanism. The history of this discovery will be
detailed in the following article; at present we shall con-
-fine ourselves entirely to the biographical events of his

•life. He was bom at Bologna in 1737, and was a mem-
ber of a respectable family in that city, several of whom
had distinguished themselves in the exercise of the pro-
fessions of law and divinity. From his early youth he
appears to have been of a serious and devout turn of
mind, and it is said that he was so much attached to

the discipline of the Romish church, as to have resol-

ved to enter into one of the monastic orders. He was,
however, dissuaded from this resolution, and he enga-
ged in the study ofmedicine, and the collateral branches
of iiatural philosophy. In the course of his education,
he became a domestic pupil of Professor Galeazzi, and
he so endeared himself to tlie family by his amiable
disix)sition, that he formed a matrimonial connection
with the professor's daughter. This lady seems, from
•all accounts, to have been distuiguished both for her
virtues and her talents ; Galvaiii bore the teaderest re..

GAL
gard fov her; and when in the year I790 she died,

after a long series of ill health, it threw him into a
state of melancholy from which he scarcely afterwards
recovered. It appears that the discovery, which ga\e
so much celebrity to his name, was, in some measure,
due to the sagacity of Madam Galvani, for the original

phenomena were noticed by her in the absence of the
professor, and were reported to him as something that

deserved his particular attention.

In the year 1762, he took his medical degree at Bo-
logna, and wrote a thesis on the subject of the bones,
shortly after which he was appointed a public lecturer
both in tlie University and in the Institute of that city.

He is said to have been particularly lia])py in his man-
ntr of lecturing, and to have acquired a high reputa-
tion as a diligent cultivator of the science of comparative
anatomy. His reputation in these departments was,
however, confined to his native country, and he was little

known to the rest of Europe, when in the year 1792 he
published a work which immediately brought him into
general notice. It was entitled, A Commcniarii on ihe

Powers of Eleclrici'y in Muscular Motion ; it contained
an account of his discoveries on the effects of electricity

in producing tlie contraction of the muscular fibre, and
the hypothesis wliich he adopted to explain its action.

His opinion that the electricity in these cases was in-

herent in the animal bod}', and was excited without
the aid of any external cause, is now generally thought
to be incorrect, and indeed the discoveries tiiat have
been since made liave so extended the science, that the
oiiginal treatise can now be regarded as valuable,

merely because it pi'esents the first sketch of those facts,

which have been since developed in so surprising a
manner.

Galvani's philosophical pursuits do not appear to
have engrossed all his time, tor he continued to exercise

his duties both as a public lecturer and a medical prac-
titioner, with great assiduity ; he also devoted a por-
tion of his leisure to the society and correspondence of
literary men, in which he appears to have taken much
interest. His domestic happiness, as we have related

above, received a very severe shock from the death of
his wife, and he was afterwards called upon to exercise

his fortitude in a different way, when he manifested a
degree of firmness, which must be regarded as highly
praiseworthy, even although we may conceive it to

have been carried beyond the necessary limits. In the
new division of Italy, which took place after the con-
quests of the French, the city of Bologna was included
in the Cisalpine Republic ; and all the public function-

aries were required to take the oath of allegiance to the

new government. This, however, he refused, as is sup-
posed, in consequence of the irreligious character of the
principal leaders in France at that time, and he was ac-

cordingly stripped ofhis offices and emoluments. In this

emergency, much dejected in his spirits, and probably
reduced to a state of pecuniary embarrassment, he was
received into the house of a near relation, and fell into

a state of extreme weakness. Upon these circumstances

being made known to the government, they appear to

have felt a degree of regret, for their harsh behaviour
towards a man, who had so many claims to respect,

both from his private virtues and his public labours,

and a decree was passed for restoring him to his ho-

nours and emoluments. But his frame was too much
exhausted to derive any benefit from this favourable

change in his prospects, and he died towards the con-

clusion of the year 1798, in the 6lst year of his age.

See Elogc dc Galvani, :par Alibert. («)
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GALVANISM.
vJalvanism is a branch of natural philosophy, which
has originated within the last twenty-five years, and
derives its name from Galvani, professor of anatomy at

Bologna. He had the good fortune to make some ob-

servations on the electricity of the muscles of frogs,

that appeared to him to depend upon a new power in

the animal body ; and although it is now generally ad-

mitted, that he drew an erroneous inference from his

observations, yet they led to a train of experiments,

M'hich have associated l.is name with some of the most
brilliant discoveries of modem science. To the sup-

posed new power he gave the name of animal electricili),

conceiving it to depend upon sometliincr inherent in the

animal body itself; but we now regard these effects as

produced by minute quantities of the electric fluid, set

Definition.

at liberty by a certain agency of substances upon each

other.

Galvanism may be defined, a series of electrical phe-

nomena, in which the electricity is developed without

the aid of friction, and where we perceive a chemical

action to take place between some of the bodies em-
ployed.

In treating upon this subject, we shall arrange our pian of the

materials into two divisions, ^^'e shall begin by an article,

historical detail of the discoveries that have been suc-

cessively made, from the time of Galvani's first obser-

vation, to the present period ; and, in the second place,

we shall give an account of the theories and hypotheses

that have been formed to explain the phenomena of

galvanism.

Part I. HISTORY.

4aty. Sect. I. Experiments before Ihe Discovery of the Pile.

Y—

'

lai'j The original discovery, to which we have already
ri- alluded, took place from a singular accident. The wife
*t of the philosopher, being in a declining state of health,

employed as a restorative, according to the custom of
the country, a soup made of frogs. A number of these
animals, ready skinned for the purpose of cookery,
chanced to lie in Galvani's laboratory, on a table near
the electrical machine. While the machine was in ac-

tion, an attendant happened to touch, with the point of
a scalpel, the crural nerve of one of the frogs, that was
not far from the prime conductor, when it was obser-
ved, that the muscles of the limb were instantly thrown
into strong convulsions. This experiment was perform-
ed in the absence of tlie Professor, but it was noticed
by his lady, who was much struck with the appear-
ances and communicated it to her husband. He re-

peated the experiment, varied it in different ways, and
perceived that the convulsions only took place when a
spark was drawn from the prime conductor, while the
nerve was, at the same time, touched with a substance
which was a conductor of electricity. At the time that
this accidental discovery was made, Galvani was en-
gagetl in a set of experiments, the object of which was
to prove, that muscular motion depends upon electri-

city; and it appeared, in a very remarkable manner,
to confirm his hypothesis ; so that he was induced to
prosecute the inquiry with redoubled diligence. See
Eloge de Galvani, par Alibert.

and When a frog was so placed as to form part of the
»Tery electric circuit, it was found that an extremely minute
'te <^- quantity of electricity produced contractions in the
ameter. nmscles. If the hind legs were dissected from the body,

the connection being kept up by the crural nerves only,
and the electric fluid was passed through it in this state,

a still more minute quantity was rendered visible ; so
that a frog, prepared in this manner, was capable of
exhibiting very decisive marks of electricity, where none
could be detected by Bennet's gold-leaf electrometer.

After employing the electric fluid, as disengaged from
the coirimon machine, he next tried the atmospherical

'• electricity ; and it was in pursuance of this object, that
he was first led to observe the eifecte of galvanism pro-

perly so called. Having suspended a number of frogs History.

l)y metallic hooks to an iron railing, he found that the ^^"^ ~

limbs were frequently thrown into convulsions, when
it did not appear that there was any electricity in the

atmosphere. Having duly considered this phenome-
non, he discovered that it did not originate from an
extraneous electricity, but that it depended upon the

position of the animal, with respect to certain metallic

bodies.

It appeared, that when the muscle and nerve of a Action of

frog were each in contact with metallic bodies, and these 'wo metalj.

were also connected by a metal, the contractions were
always protluced. The effect was considerably increased

by arming the nerve with a metallic coating, by which
means a larger portion of it was brought into contact

with the metal. But the most important of Galvani's

discoveries was the effect produced by the combination

of two metals. Of these combinations the most power-
ful was that of zinc and silver, and the most violent

convulsions ensued when the nerve was coated with one p, . __
of these metals, the muscle placed in contact with the ccLXllI.
other, and the two metals connected by a conductor of Fig. 19.

electricity.

Galvani's general conclusion from his experiments
was, that the animal body possesses an inherent elec- General

tricity of a specific kind, which is connected with the conclusions,

nervous system, and conve3'ed by means of the metals

into the muscles, so as to throw them into convulsions.

He deduced a theory of muscular motion from his dis-

coveries, according to which the body contains an ap-

paratus analogous to the Leyden phial, the muscles and
nerves being in different states of electricity, and the

metals forming a connection between them, by which
the electricity is equalized. In this application of the

new phenomena, Galvani went beyond the limits of

correct deduction ; yet he deserves much commendation
for the perseverance and ingenuity which he exhibited

in prosecuting the inquiry. Although the discoverj'

originatetl, in a considerable degree, from accident, still

it must be remembered, that it is only men of ability

who take advantage of such accidents. In the year

1792, he pubhshed an account of his discoveries and
theories, under the title of A Commentary on the Pervert

of Electricity in Muscular Motion.
5
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Galvani had no sooner published an account of his

discovery, than the philosophers, in different parts of

Europe, entered with eagerness upon the examination

of the new phenomena. The earliest writers on the

subject were Valli, Fowler, and Voha. The principal

object of Valli's letters, which appearetl in the Journal

de Pliysiijiie, was to examine how far the opinion of

Galvani was correct, respecting the dependence of the

new influence upon the nervous fluid, and its identity

with electricity. Although much of his reasoning must

now be regarded as erroneous, yet still he displays con-

siderable ingenuity and address in the contrivance of

his experiments, and in the inferences which he dedu-

ced from them.

In the following year, Dr Fowler published an Essay

on Animal Electricity, in which he displays an acute

and sagacious mind, and may be considered, by his

observations, to have paved the way for many of the

discoveries of his successors. At the time when he

wrote, the question was warmly agitated, whether the

phenomena of galvanism could be referred to the elec-

tric fluid, or whether they do not depend upon some

specific agent peculiar to the animal body. He com-
mences by the inquiry, " Are the phenomena exhibited

by the application of certain different metals to animals

referable to electricity r" Although he conducts his

train of reasoning with much ability, yet he drew the

conclusion which we are now enabled to say is not cor-

rect. After examining minutely the circumstances

which are necessary for the production of tile galvanic

influence, he finds that it is requisite that there should

be two different metals, which are to communicate with

each other and with the animal. He conceives it ne-

cessary that they should be in contact, one with the

nerves, and the other with the muscles, and points out

an error, into which Valli had fallen in his experiments,

where he thought that the contact of the nerve only is

sufficient to cause the contractions : he shews that, in

this case, the moisture on the surface of the nerve acted

218 a conductor of the influence of one of the metals to

the fibres of the muscle.

Dr Fowler concludes that the galvanic influence is

not referrible to electricity, because for the production

of the former, the presence of two different metals ap-

pears to be necessary, while electricity, as j)roceeding

from the electrical machine, is excited by tlie action of

an electric upon a conductor ; an inference which was
correct, according to the state of the science at the time
when he wrote. He also endeavours to show^ that elec-

tricity and galvanism are not, in all cases, conducted by
the same substances, and particularly adduces charcoal,

which, although a conductor of electricity, is impervious
to the galvanic influence. He afterwards made some
curious observations upon the eftect of galvanism on
animals not furnished with distinct limbs, such as worms
of various kinds. These animals could not be made to

contract, yet by the nature of their motions, they seem-
ed to be sensible to the impression of the two metals,

when they were placed, partly on one, and partly on
the other.

Dr Fowler afterwards enters upon an interesting in-

quiry respecting the effect of galvanism on the diffe-
" rent parts of the body. " What are the relations which
subsist between the influence discovered by Galvani,
and the muscles, the nervous, and the vascular systems
of animals?" He found that the contractions were very
readily excited in all the muscles which are subservient
to the will, but that they were with great diflSculty

produced in the heart, and that they could not be ren-

dered perceptible in the stomach and intestines. He
observed that when a part is in a state of inflammation
it acquires an additional sensibility to the galvanic sti-

mulus, and he made the curious discovery of the flash

of light, which is produced by placing the two metals
in contact with the ball of the eye, and then causing
them to communicate with each other. Sultzer, a Cier-

man metaphysical writer, had mentioned several years

before, the effect produced on the organ of taste, by
applying two metals, one above and tlie other below
the tongue, and then bringing them into contact ; but
the sensation was ascribed to a peculiar vibration ex-

cited by the metal$, and conveyed to the tongue. The
experiments with the two metals, upon the eye and the

tongue, were varied in different ways by Professor Ro-
bison, an account of which is published at the end of
Dr Fowler's Essay. Professor llobison mentions the

sensation of taste which is excited, when the tongue is

applied to the edges of a number of plates of zinc and
silver, placed alternately upon each other ; a construc-

tion which may be regai-ded as an approximation to the

apparatus afterwards discovered by Volta.

In the same year in which Fowler's Essay vras publish-

ed, a ^'ery important communication appeared in the Phi-

losophical Transactions ofLondon, from the pen ofVolta,

in the form of letters to Cavallo. He gives a luminous
account of Galvani's discovery, and adds many curious

experiments and valuable remarks of his own. He at-

tempted, and with complete success, to overthrow GaU
vani's opinion, that the animal body l)ears an analogy

to the Leyderk phial, the nerve and the muscle being
in opposite states of electricity. He found that for the

production of the eff'ect it was essential to have two dif-

ferent metals, and hence he arrived at the important

conclusion, which may be regarded as leading to all his

future discoveries, that the muscular contractions are

produced by small portions of electricity, that are li-

berated by the action of the metals upon each other.

Another point which Volta established was, that the

nerve is the organ on which the galvanic influence im-

mediately acts; but he found that if a part of a muscle

be laid upon two different metals, and these be made
to communicate, a contraction is protluced. This pro-

bably depends upon the nervous matter that is disper-

sed through the muscles, and also upon the moisture

that is always present, and which serves to conduct the

electricity to all parts of the body. Volta performed

many experiments in order to discover, what circum-

stances are favourable to the excitation of the contrac-

tions, and upon the parts of the body which are the most

easily called into action. His observations agree, in

many respects, with Fowler's, although it is certain

that their experiments must have been made without

concert or communication. He found that snails and
worms could not be made to contract, but that many
of the insects, as butterflies and beetles, were subject to

the influence of the metals. It appeared from his nu-

merous trials, that those animals alone were sensible to

galvanism, who are furnished with distinct limbs, ha-

ving flexor and extensor muscles. In the animals of

this description, it appeared that it was the voluntary

muscles alone which are capable of being made to con-

tract. Although the heart is a muscle which is easily

thrown into powerful action, by chemical or mechanical

stimuli, yet he could never produce any effect upon it

by the action of the two metals. Volta made some of

the same observations upon the effect of the two metals

on the organs of sense, as have been mentioned in our

abstract of Fowler's Essay.
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Dr Wells wrote an interesting i>aper on fi;nlvanisin,

which was also published in the Pnilosophicsii Transac-

tions ofiondon He proposed three distinct objects of

inquiry, which, at the time when he wrote, embraced the

ponits that were the most general subjects of discussion.

He iirst inquires, whether the influence discovered by
Galvani depends upon any property inherent in the ani-

mal body, or peculiar to it. In the second place, he in-

quires into the.conditions that are necessary for its excite-

ment : And lastly, he examines how far it ought to be

considere<l as identical witli electricity. Dr Wells coin-

cides in opinion with Volta, that the contractions of the

muscles depend upon electricity liberated by some
cause, independent of the animal body, and that the

moisture, which is present in all parts, is the immediate
cause of the facility with which the effect is produce<l.

He discovered the important fact, that charcoal may be
employed, together with one of the metals, for exciting

the influence ; and also tliat tlie influence, when excited,

may be conducted by cliarcoal. He argues at length

against the hypothesis of \'olta, respecting the produc-

tion of the electricity by the contact of the two metals,

and urgo« as a decisive objection to it, that Uie mobture
which is attached to the animal, ought to serve as a

rouductor, and equalize their electrical condition, with-

out tb«ir being absolutely brought into contact.

Dr Wells made some curious experiments upon the

effects that were produced on the power of the metals

and on charcoal by friction ; after this operation he
found that one of the substances alone was sufficient to

produce the contractions. As it appeared that the fric-

tion did not immediately communicate electricity tc» the

body that was rubbed, it must be supposed, that some
change Wijs brought about in its nature, by which its

different parts were enabled to act upon each other, in

the same mamier with two distinct substances. He is

decidedly of opinion, tliat galvanism is identical with
electricity, because every substance which is a conduc-
tor of one of these principles, is also a conductor of the
other.

A very ample and elaborate memoir, on the sub-
ject of animal electricity, was drawn up by a committee
of the French Institute, which, besides examining all

the opinions and controversies that existed on the sub-

ject, axitained an iiccount of a great variety of original

experiments- The committee was composed of some
of the most celebrated chemists and natural philoso-

phers of France; Guyton, Fourcroy, Vauquelin, Halle,

Coulomb, Sabbatier, Pelleton, and Charles. They ar-

range the materials of their report under six heads ;

1. Tiaey examine the different circumstances which in-

fluence the nature of what they call the animal arc, by
which they mean, that part of the galvanic circle

which consists of the parts of the^nimal. They con-
ceive that the animal arc may consist of nerve only, but
in this opinion it is probable that they were mistaken.
They found that cutting a nerve across did not prevent
the passiigc of the influence, provided the cut eada
were laid close together, and also that it was trans-
mitted tlu-ough different parts of the same animal, or
even through parts of different animals, provided they
were in perfect contact. They observe, that when a
»ervc is made part ofthe circle, those muscles are thrown
intocontractionstowhich the extremities of the nerve are
distributed, not those which are contiguous to the trunk
•f the nerve. In the 2d place, they examine the na-
ture and <lisposition of what is called the excitatory arc,
or the metallic part of tjie circle. 3d, They inquire in-
to the circumstances which enter into the action of the

VOL. X. PAUT I.

galvanic circle, and in any way influence its effect. The Hi*«ory.

4th head consists of the means which may be employed "^""y^^

for varying, dim°»ishing, or restoring the sensibility of

the animal to the galvanic influence. In this part, they

mention the effects of immersing the animal in a fluid,

or in an unrespirable gas, so as to produce suffocation,

when the susceptibility to the galvanic influence was
either destroyed or much impaired ; but the effects

were very various, and difficult to account for in many
cases. The 5th head consists of a comparison between
electricity and galvanism ; and the (ith contains a de-

tail of some experiments which were performed by
Plumboldt, and subjectetl to the inspection of the com-
mittee. Many of Humboldt's experiments were ciu-i- Humboldt's
ons and interesting ; but they apjiear not to have been, experi-

in all cases, very accurate ; for he concludes from them, nients.

that soras substances, which were good conductors of

electricity, would not conduct galvanism. See Aanalet

de Chiviie, xx. 51.

An ingenious paper was about this time published by Fabroni'a

Fabroni, in which he discusses the question, whether paper, 1790.

tlie galvanic phenomena are immediately referrible to

electricity, or whether tliey ought not rather to be at-

tributed to chemical affinity ? lie relates many observa-

tions, that he made upon the chemical action of tliffe.

rent metals on each other, when placed in contact, and
shows, that they were then disposed to oxidate under
the same circumstances, except that of being in con-

tact, where, if separate, no effect would have been pro-

duced. He argues, that the facts stated by Galvani,

Volta, and others, which were conceived by them to

prove the electrical nature of the phenomena in ques-

tion, only went so far as to shew, that electricity was
concerned in the operation, but did not prove it to be

the cause of them ; and he is inclined to regard it rather

as the effect.

Fabroni mentions among other facts, that mercury
and tin when pure, and kept distinct from other metals,

will remain a long time without tarnishing, but when
alloyed, or kept in contact with other metals, they soon

begin to exhibit signs of oxidation. He remarked, that

coins composed of a pure metal were more durable than

such as were composed of a mixture of metals. He
mentions the corrosion which takes place, when copper

roofs are soldered with another metal, and in the cop-

per sheathing of ships when fastened witli iron nails.

These phenomena are supposed to depend upon a che-

mical aifiinity between the metals, by which their par-

ticles are individually attracted towards each other,

while the separation of the particles of tlie solid metal,

which is caused by their tendency to unite, permits the

oxygen to act upon them. " These facts," lie says, " as

well as many others of the same nature, no less com-
mon than well known, ougiit to have proved to philo-

gophers, that the metals, by exercising their mutual at-

tractive force, must by the same energy diminish their

respective powers of aggregation ; that though neither

of them separately may be able to attract oxygen from

the atmosphere, or from water, they may acquire that

power by simple mechanical touch as they pass to new
combinations."

He then relates some experiments whidi he per-

formed, in order to observe the comparative effect pro-

duced, by placing metals first in separate vessels of wa-
ter, then in the same vessels, but not in contact ; and
lastly, in the same vessels, and also in contact. In the

two former cases there was no change produced, while

in the latter there was a considerable degree of oxida-

tion. He afterwards entered upon some speculations

I.
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History, on the Source of the oxygen, and he found that, by co-

'-^r'"' vering the water with a stratum of oil, and thus exclu-

ding the atmosphere, the process of oxidation was re-

tarded. This fact he adduces as a powerful argument

in favour of the chemical hypothesis. He concludes,

that the oxygen in these cases cannot be derived from

the water, because were the water decomposed there

would be a liberation of hydrogen. The effect that is

produced on the senses of vision and of taste, he attri-

butes to the formation of new chemical compounds,

which act in a peculiar manner upon the organs ; an

opinion which may be true, to a certain extent, so far

as respects the tongue, but it is not easy to conceive

Low it could cause the flash of light which is excited in

the eye by the contact of the metals. See Journal de

Physique, xlix. SiS.

Fabroni's paper did not appear to excite much atten-

tion at the time when it was published, as it directly op-

posed the current of popular opinion. But many of the

statements have been since verified by succeeding phi-

losophers; and when we consider that it was writ-

ten before the discovery of the pile, it must be regarded

as displaying much sagacity and nice observation.

In this state, the science of galvanism remained un-

tU the year 1800. It was generally admitted, that the

immediate agent in producing the phenomena was the

electric fluid, and that the actions exhibited by the ani-

mal body depended merely upon its extreme sensibili-

ty to small quantities of this fluid. The experiments

principally consisted in different combinations of con-

ducting substances with parts of the animal body, com-
posing what was called the galvanic arc or circle. The
chemical effects had been little attended to, except by
Fabroni ; and his remarks, although truly ingenious,

must be regarded rather as the first glance of a series

of important facts, than as constituting their complete
developement.

Sect. II. Experimentsfiom the Discovery of the Pile to

the Decomposition of the Alkalies.

The second period of the historyofgalvanism commen-
ces with the important discovery made by Volta, of the

instrument which has been called the galvanic or vol-

taic pile. Volta, as we have seen above, adopted the

idea, that the action excited by the two metals, depend-
ed upon an alteration in their respective states of elec-

tricity, or in a destruction of its equilibrium. The ef-

fect produced by one pair of plates could only be com-
paratively small ; but he supposed that by interposing

a conductor between several pairs of plates, it might be
multiplied and concentrated in an indefinite degree.
He accordingly provided a number of silver coins, and
pieces of zinc of similar dimensions ; these were dispo-
sed in pairs, and between each pair was placed a piece
of card soaked in water ; and thus a pile or column was
formed, in which the'three substances silver, zinc, and
water, existed in regular rotation. The effect of the
combination fully justified the expectations of the dis-

coverer. All the phenomena that had been excited by
a. single pair of metals were far exceeded by those of
the pile, while by touching the two ends of it at the
same time, it was found that a distinct shock was felt in
the arms. This fully established the opinion that had
been formed, and was generally adopted, of the identi-
ty of electricity and galvanism ; although there were
itill some circumstances connected with the latter,
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which appeared not to be completely analogous to the

usual operations of the electric fluid.

He found, thiit 40 pairs of the metallic discs, with

the proper number of pieces of moistened card interpo-

sed, were sufficient to produce a shock, which was very

distinctly felt in the hands and arms, and that by in-

creasing the number of pairs, the power of the pile was
proportionally augmented. In order to produce the

full effect, it was found necessary that two pieces of me-
tal, either composing the extremities of the instrument,

or in contact with them, should be firmly grasped by
the two hands ; and the shock might, in this case, be

repeated for any number of times, as long as the paste-

board between the two metals remained sufficiently

moist. Volta conceived, that the newly invented ap-

paratus was analogous in its action to the electrical or-

gan of the torpedo. The experiments that he perform-

ed with it, were almost exclusively confined to the ani-

mal body ; and he appears to have entertained no idea

of the important use which would afterwards be made
of the pile, as an instrument of chemical analysis. It is

indeed a little remarkable, that after making so curi-

ous a discovery, he should have rested there, and not

have proceeded with the farther prosecution of the sub-

ject. It would be unjust not to acknowledge, in the

warmest terms, the obligation under which the scienti-

fic world was laid by the discovery of Volta ; but, at

the same time, it must be admitted, on the other hand,

that the benefit of the discovery has been obtained by
others. An account of the pile was written by Volta,

in the form of two letters to Sir Joseph Banks, which
were published in the Philosophical Transactions of

London for the year 1800.

No sooner was the discovery of the galvanic pile

announced, than the English experimentalists began
their operations with it, and almost at the first trial of

its effects, made some important and interesting observa-

tions. Sir Joseph Banks, on the receipt of the letters,

having communicated the information to his scientific

friends, a pile was formed by Messrs Nicholson and
Carlisle, with which they began to repeat the experi-

ments of Volta. They arranged the substances in the

order of silver, zinc, fluid; silver, zinc, fluid, &c.: an ar-

rangement which it is necessary to attend to, in speak-

ing of what have been called the silver and zinc ends

of the apparatus. Volta, it appears, had satisfied him-
self that the action of the pile was electrical, because

it produced the shock ; but Messrs Nicholson and Car-

lisle applied to it the instrument called the revolving

doubler, (See Electricity, p. .526), and by this means
decidedly proved it to be the case : They found, that

the silver end was in the minus, and the zinc end in

the plus state of electricity.

In the course of the experiments, a part of the cir-

cuit between the upper and lower ends of the pile was
formed by water ; and it was observed, that there was
a disengagement of gas, at the part where the wire

came in contact with the fluid. This gas was thought

to have the odour of hydrogen ; and it led them to no-

tice, with more attention, the effect produced by cau-

sing the electricity to pass through a tube of water, into

the two ends of which wires were inserted, which com-
municated with the extremities of the pile. We shall

relate this very important experiment in Mr Nichol.

son's own words. " On the 2d of May we inserted a

brass-wire through each of two cocks, inserted in a

glass tube of half an inch internal diameter. The tube

was filled with new river water, and the distance be-
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twecn the points of the wires in the water was one

incii and three quarters. Tliis compound discharger

was applied, so tliat the external ends of its wire were

in contact witli tlic two extreme plates of a pile of 36
half-crowns, with the correspondent pieces of zinc and
pasteboard. A fine. stream of minute bubbles imme-
diately began to flow from the point of the lower wire

in the tube, which communicated with the silver, and
the opposite point of the upper wire became tarnished,

first deep orange, and then black. On reversing the

tube, the gas came from the other point, which was
now lowest, while the upper, in its turn, became tar-

nished and black."—" The product of gas, during two
hours and a half, was two-thirtieths of a cubic inch.

It was then mixed witli an equal quantity of common
air, and explodeil by the application of a lighted waxed
thread."

They observed, that the same process of the decom-
position of water is carried on in the body of the pile,

as between the two ends of the wire in the interrupted

circuit; the side of the zinc next to the fluid being co-

vered with oxide in two or three days, and the appara-

tus tlieu ceasing to act. Mr Nicholson found, that, by
using metallic plates of considerably more extensive

surface, no greater effect was produced in the decom-
position of water, or in the violence of the shock ; so

that he concludes, " the repetition of the series is of
more consequence to this action than the enlargement
of the surface." It was now clearly ascertained, that

the electricity of the silver or minus end was negative,

that of the zmc or plus end positive. Although it ap-

peared evident that there had been a decomposition of
water effected by the copper wire, yet Mr Nicholson
determined to render the operation more decisive, by
employing a metal which w.-is not oxidable. Platina

was therefore substituted for tlie copper, and now gas
was disengaged from both sides, and neither of the

wires were tarnished. In a subsequent experiment,

the wires were so managed, tliat the gases extricated

from each side were kept distinct, and it was found
that they consisted, the one of oxygen, and the other

of hydrogen, and that in the proportion necessary to

produce water. In some of these experiments the spark
was visible (Nicholson's.Jo«rnfl/, 4to, iv. 179-) Our
readers will at once perceive the important views
that were disclosed by the experiments related in this

paper, in connexion with those performed by Mr
Cruickshanks of Woolwich, of which we shall next
give an account. They must be regarded as leading
directly to the wonderful discoveries that have been
made by means of the galvanic apparatus, as well as

the theoretical deductions to which it has given rise,

and which have produced almost a complete revolution
in our ideas of the action of botlies upon each other.

Mr Cruickshanks confirmed the observations of Messrs
Nicholson and Carlisle, respecting the actual appear-
ance of sparks and the decomposition of water. This
last process he varied in different ways. By employ-
ing the interrupted circuit with silver wires, and pass-
ing the influence through water tinged with litmus, he
found, that the wire connected with the zinc end of
the pile communicated a red tinge to the fluid conti-

guous to it ; and afterwards, by employing water tinged
with Brazil wood, he found that the wire connected
with the silver end of the pile produced a deeper shade
of colour in the surrounding fluid. Hence it appeared,
that an acid was formed in the former, and an alkali

in the latter case. The galvanic influence was passed
through the interrupted circuit, in which the tube was

filled with the solution of acetate of lead, when it was Hutoiy.

observed that the leatl was separated in the metallic ^^^/""^
state, and deposited at the end of the silver wire, or ^'^ J^J^

.

the wire connected with the silver end of the pile, in mctollicio-

the form of fine needles. Experiments were afterwards lutioni.

made upon the solutions of sulphate of copper and ni-

trate of silver : in this last case, he observes, " the me-
tal shot into fine needles, like crystals articulated or

jointed to each other, as in the Arbor Diante." He
also succeetled in decomposing some of the neutral

salts. See Nicholson's Journal, 4to, iv. 187.

In a second memoir, Mr Cruickshanks paid more
particular attention to the nature of the gases emitted

in the interrupted circuit—to the effects of different

kinds of wires—and to the influence of the fluid me-
dium upon the decomposition of the water. .Some of
his most important conclusions are, that from the wire ,u"I ^j**

connected with the silver or copper end of the pile, „g„ j/j.

'

whatever be its composition, if it terminate in water, ways cmit-

the gas emitted is chiefly hydrogen ; if it terminate in t«<l from

a metallic solution, the metal is reduced, and is deposi- °"' "'''*•

ted at the end of the wire. When the wire connected ^^^\^„
with the zinc end is formed of a perfect metal, nearly „en, or the

pure oxygen is disengaged ; when of an oxidable me- wire oxida-

tal, it is partly oxidated and partly dissolved, and only ted.

a small quantity of oxygen is liberated. When fluids Fluidswith-

contain no oxygen, they appear to be incapable of out oxygen

transmitting the galvanic influence ; while, on the con- "''• ^o' ac**

trary, it would seem that it may be transmitted by
every one which contains this element, (Nicholson's

Journal, 4-to, iv. 258.) These views of Mr Cruick-

shanks respecting the action of the pile were confirm-

ed by some experiments that were performed, about
the same time, by Colonel Haldane. He found that Haldane's

the apparatus ceased to act when it was immersed ii> expen-

water, or if it was placed in the vacuum of an air-
'"^'"^•

pump. He found, on the contrary, tiiat it acted more Pile will

powerfully in oxygen gas, than when confined in an notactwith-

equal bulk of atmospheric air, while azote had the same **"' oxygen.

effect as a vacuum. These circumstances led him to

conceive that its action depended essentially upon the

combination of oxygen, which it derives from the

atmosphere. See Nicholson's Journal, 4to. iv. 242.
313.

In the early part of his experiments, Mr Cruickshanks Trough ap-

invented a new manner of disposing the apparatus, paratijs.

which has proved scarcely less important to the inte- Pi-*te

rests ot science, than its ongmal discovery by V olta. We OCLXIII.
Fig. *.

allude to the method of placing the metals horizontally

in a frame or trough, with proper intervals for contain-

ing the fluid which is intended to act upon them.
The power of the pile in decomposing chemical sub-

stances being now established, by the experiments of
Nicholson and Cruickshanks, a new field of investiga-

tion was opened, which was ardently entered upon, by
some of the most distinguished among the English che-

mists. Dr Henry decomposed the sulphuric and nitric jjenry's cx-
acids, and ammonia, and he reduced the o.xymuriatic periments.

to the state of muriatic acid; but as gases do not con-
ne<.o,„no.

duct the galvanic influence, its decomposing poM'er scsacidsand

could not be applied to this last body. See Nicholson's ammonia.

Journal, 4to. iv. 223. 245.

Sir H. Davy commenced his discoveries in galvanism Davy's cx-

at an early period of the investigation. He proposed, periments.

as a subject of experimental research, wliether the ends nisensaget
of the wire, in the interrupted circuit, would discharge the gases

the two gases, if tliey were made to tei-minate in difie- f">m two

rent portions of water. The ends of the wires were poff'ons of

therefore placed in separate glasses, while the glasses
**'^"

3
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History, •wrere made to communicate by means of the fingers, or

^^'Y'^ 3 moist substance, and it was found that the oxygen
and hydrogen were evolved as usual. He next inquired

whether it was necessary for the effect that the wires

should be in contact with the ends of the pile ; and in

order to prove this point, slips of muscular fibre were
interposed between the wires and the ends of the pile.

The result of this disposition was that the gases were
disengaged, but in a reverse order ; the hydrogen now
proceeding from the wire connected with the zinc end
of the pUe, and the oxygen from the silver or copper
wire.

These experiments, which at the time when they

were performed seemed most extraordinary, and al-

most inexplicable, were succeetled by others equally

curious, in which Sir H. Davy produced the galvanic

effect, by a new combination of substances. He found

that charcoal was capable of conducting the influence

and of decomposing water, the copper end giving out

hydrogen, holding a little carbon in solution ; the zinc

end did not produce any considerable quantity of gas,

the carbonic acid which was produced being absorbed

by the water, in which the charcoal was immersed. He
formed a pile of zinc and charcoal, which acted with

Pile of one considerable energy, and he afterwards discovered that
metaL g pile may be constructed of only one metal, with dif-

ferent fluids applied to its two surfaces, one of them ca-

pable of oxidatmg the metal, the other of preventing
the effect of oxidation, the two fluids being separated

from each other by water. The series which he em-
ployed was metal, diluted nitric acid, water, sulphuret

of potash, and then again metal. In a subsequent train

of experiments, he proceeded still farther, and composed
a pile without any metal, but consisting solely of pieces

of charcoal, having their different surfaces exposed to

the action of different fluids.

Sir H. Davy also made some very important obser-

not act with vations on the nature of the fluid interposed between
pure water, the plates of the pile. If the water that is employed be

perfectly pure, containing no acid, salt, or gas, the ap-
paratus is incapable of acting. He found that its ener-

gy was in proportion to the rapidity with which the
oxidation of the metal advances, and consequently was
most energetic when nitric acid was made use of. In
pursuance of this opinion, he discovered, that the pile

can act in vacuo, if an acid be interposed between the
plates. See Nicholson's Journal, 4to. iv. 273. 326. 337.
aw.; and v. 78. 341.

About this period, Dr WoUaston began to investigate

the subject of galvanism, and read a paper to the Royal
Society of London, which displays great marks of sa-

gacity and penetration. He observes that the energy
of the apparatus seems to be in proportion to the ten-

dency which one of the metals has to be acted upon by
the interposed fluid. An experiment is related, not
very unlike some of those which had been previously
performed by Fabroni. If a plate of zinc and a plate

of silver be immersed in diluted sulphuric acid, and
kept asunder, the silver is not afi'ected, but the zinc
begins to decompose the water, and to evolve hydrogen.
If the plates be now placed in contact, the silver dis-
charges hydrogen, and the zinc continues as before to
be dissolved. From these, and other analogous facts,

he concludes, that whenever a metal is dissolved by an
acid, electricity is disengaged. He extends this prin-
ciple to the action of the electrical macliine, which lie

conceives has its power increased by applying an amal-
gam to the cushion, into the composition of which a
metal enters which is readily oxidated. As a farther

4.
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illustration of the same principle, he found, that the
machine will not act when immersed in carbonic acid

gas.

Mr Nicholson had suggested the opinion, that the

electricity of the pile differs from that of the machine,
in consequence of the latter being in a state of higher
intensity, but in less quantity ; the former of course
being in greater quantity, but of low intensity. Dr
WoUaston coincided in this idea, and supposed that it

might explain the difference between the operation of
the two instruments. It had been long known that

water might be decomposed by the electric shock, but
the effect differs from that of the pile, the two gases
being separated promiscuously from both ends of the
wire, not as when the pile is employed, the oxygen from
one end, and the hydrogen from the other. But Dr
WoUaston succeeded in producing the galvanic effect

on water by common electricity, so as to keep the gases
separate. This lie acccomplished by coating two silver

wires, so that the ends of them only were exposed. He
then connected these wires with the two conductors of
the electrical machine, and passed the .spark, from one
to tlie other, through a solution of a salt of copper ; the
negative wire was foimd to be covered with a metallic

coating, as if it had been connected with the copper or

silver end of the pile. .See Phil. Trans. 1801, p. 42J7.

Professor Trommsdorff, about this time, discovered tlmt

the pile possesses a very powerful effect in burning me-
tallic leaves. He formed an instrument of large plates of
zinc and copper, and fixed gold leaf to the zinc end ;

then by bringing it in contact with the silver end, the
leaf was rapidly consumed, the process being attended
by a beautiful en^^sion of coloured light. Silver, tin,

and copper leaves' were burned in the same manner,
each giving out a brilliant flame tinged by its appro-
priate colour. (Nicholson's Journal, vol. v. p. 238.) The
repetition of these experiments on the combustion of
metals, led Fourcroy to a curious discovery, that the

energy of the shock is not increased by the size of the
plates, but by the number of the repetitions ; while the

same extent of surface, arranged in the form of a few
large plates, readily consumed the metallic leaves, but
had only a comparatively small effect on the seiKations.

(Ann. de Chim. xxxix. 103.) As the action of the

pile was generally admitted to depend upon electricity,

various attempts were made, by different experimenta-
lists, to charge the Leyden phial, and Mr Cruickshanks
at length accomplished it. It was now also generally

agreed, that the extremity of the pile which gave oat

oxygen, was in the state of positive electricity, and the

end which disengaged hydrogen m the negative state.

It became a curious subject of investigation to ascer-

tain what was the precise difference between the elec-

tric fluid, as generated by the pile, and as disengaged

by the common machine ; and Dr Van Marum entered

upon a series of experiments, in which the action of

the pile was compared with that of the gi-eat Teyierian

machine at Haarlem. He succeeded in charging, not

only single jars, but whole batteries, by the pile ; and
they were always chargetl to the same degree of inten-

sity with that which the pile itself indicated to an elec-

trometer placed upon it. He found that the zine entl

of the pile communicated positive electricity to the side

of the jar or battery with which it was in contact, and
the copper end the reverse. No perceptible difference

could be experienced between shocks of the same in-

tensity given by a jar or by the battery ; Vvhether they

were charged by the pile or by the machine. He found
that the intensity of the pile was always the same from
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tarf, the same niunl>er of plates, whatever was their size

;

Y""' I)ut he perceive<l Fourcroy's observation to be correct,

that it was necefisary to employ large plates to burn the

metals. He formed a pile of larjje plates of zinc and
I iron copper, and succeeded in fusing iron wires of consider-

I idatina able thickness ; he at last even fused a wire of platina.

Me found that a battery, consisting of 137^ square

feet of coated glass, was charged by a galvanic appa-
ratus to an intensity equal to itself, in l-20th of a se-

cond ; a circumstance which proves the amazing velo-

city of tlie fluid. He conceived that the energy of the
pile was much augmented when it was kept in an insu-

lated state, and likewise when a solution of the muri-
ate of ammonia w.is interposed between the copper and
sine plates. See Ann. de C/iim. xl. 289.

V\'e have already noticed the discovery of Mr Cruick-
shanks, that the pile acted more powerfully in oxygen
gas tiianin the air of the atmosphere; and an observa-
tion the converse of this, was made by Biotand Cuvier,
which confirmed tiie relation between the action of
the appaJ-atus and the chemical state of the fluid in

M-liicIi it is immer.sed. When the pile was inclosed in

a limited quantity of air, they found that, after some
time, the air was sensibly deoxidated. See Ann. de
C/tim. xxxix. 242.

The discoveries that were made with the galvanic pile,

especially by the English chemists, completely esta-

blished some of the most important points which had
previously been subjects of doubt or controversy. Ani-
mal electricity, as produced in the original experiments
of Galvani, and afterwards in those of Valli, Fowler,
Volta, and others, was now admitted to depend upon
nothing adherent in, or attached to, the animal body,
but upon an agent, called into action by external causes,

and manifesting itself in consequence of the delicate

sensibility of the nervous and muscular systems. This
agent was now generally recognized as being identical

with electricity, conducted by the same substances,
possessing the same properties, and, in short, subject
to the same physical laws. It was conjectured, that
tlie apparent difference between electricity, as excited
by the machine and by the pile, depended upon the
drff"erent states of intensity in which they exist; the
electricity of the machine being in a much higher state

than that of the pile, although this latter is generally
disengaged in greater quantity. This may be regard-
ed as the state of the science in 1801 ; from this time,
nntil tire grand discovery of Sir H. Davy, which we
have marked out as the third era, the attention of the
different ex|)erimentalists, who devoted themselves to
this department of natural philosophy, was partly di-
rected to improving or mo<lifying the apparatus, and
partly to hypothetical discussions, respecting the na-
ture of the action, and its connexion with chemical af-
finity. This latter topic, in conformity with the plan
which we laid down, will be treated more at length in
the Second Part of tlie Article. A number of new facts
were, however, from time to time, discovered, which
We shall proceed to detail ; and in order to preserve
the historical order, we shall also briefly touch upon
those pointsoftheory that are to be considered more fully
hereafter.

A memoir appeared about this time from M. Biot,
which contains some important observations on the rela-
tive effects of the different kinds of apparatus, especially
with regard to the size of the plates that enter into
their composition. Electricity is known to be dischar-
ged by points, and to be retained by extensive sur-
faces; and from this circumstance he conceives, that tlie

smaller the plates arc, the more rapid wilt be the cir- Hittory.

culation of the fluid ; large plates furnish a greater '*'""V~^

quantity of the fluid, but it is less rapid in its motion;

smaller plates, on the contrary, furnish less fluid, but
it passes with more rapidity through the different parts

of the apparatus. Hence what was spoken of by Ni-

cholson and others, as constituting the intensity of the

fluid, is resolve<l by Biot into the velocity of its mo- niflcrcnt

tion. The difl^ercnt operations of the pile are different- velocity of

ly affected by these two properties. The taste, the thf electri-

flash, and the shock, exist nearly in the same degree, "*^'

and all depend principally upon the velocity ; while tlic

combustion of the metals is more influenced by the

quantity of the electricity. The electrical attractions

also depend upon the quantity of fluid, and are there-

fore more perceptible when large plates are used. It is

observed that a pile composed of small plates affords

very pungent shocks, but is more quickly exhausted.

It was before stated, that Biot had perceived the pile

to deoxidate a portion of air in whicli it was confined ;

and he now informs us, that the effisct was produced

more rapidly when the ends of the pile were made to

communicate by intervening wires. The general con-

clusions with which he sums up this interesting paper,

are, that the galvanic fluid resembles the electric in the

repulsive property of its particles, and that the diflfe-

rent phenomena depend upon variations in the quanti-

ty and velocity of the fluid. See Journ. de Phys.

lii. 264.

An elaborate set of experiments was published about Lehofs ob-

this period by Lehot, on the direction of the galvanic servations

current. This subject had also occupied the attention o" the di.

of Biot, and it was generally admitted that its course
^g",^^^f^

was from the zinc plate, across the fluid, to the silver

or copper plate. See Journ. de Phys. li. 1 35.

A circumstance of some importance in our view of Erman's

the action of the pile, was pointed out by Erman of remark

Berlin ; he remarks, that the action takes place, not °"„,jj ^f
between the metals, but between the metal and the

,1,^ extre-

fluid ; therefore, in designating the end of the pile, we mities.

should say that the zinc end is the negative, and the

copper the positive. Nicholson and Cruickshanks sup-

posed the apparatus to be constructed copper, zinc,

fluid; but we should say, zinc, fluid, copper, as in this

arrangement we have the complete circle. (Journ. Phys.

liii. 121.) A similar remark was made by Dr Priest-
priestley's,

\ey, who was at this time performing experiments on
galvanism in America : He says, that no alteration is

produced in the apparatus by whatever metal is placed

at the ends beyond the reach of the fluid. Most of the

phenomena of common electricity had been imitated by
the electricity of the pile, except that of attraction ;

and Gautherot now succeeded in contriving an appara- cauiherot

tus for producing this effect. It consisted of two de- on galvajiic

licate wires, which hung loose from the extremities of attraction.

the pile; when they were brought near together, a

sensible approximation was perceived, and they were

found to adhere with a degree of force. See Ann. de

Chim. xxxix. 203.

It does not appear that Volta himself participated, in
y^^^^ j^_

any degree, in the various discoveries that were made fends the

by means of his apparatus, or that he employed any clettrical

means for improving or altering its original form. He hypothesis,

seems to have interested himself solely in defending the

hypothesis, which he had proposed to account for its

operation, and which indeed may be considered as ha-

ving led to its construction. His opinion, that the pri-

mary action was electrical, and that it depended upon

a change in the distribution of the electric fluid, was
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History, now Called in question by Mr Nicholson, Dr WoUaston,
'^"'V"™^ and other Enj^lish chemists, who were more disposed

to refer the effects to the chemical action of the fluid

inteqjosed between the plates in oxidating the metals.

Volta, however, still adhered to his first opinion ; and,

in a paper written about this time, he lays it down as

his decided conviction, that the action of one of the

metals upon the other is the sole cause of the excitation

of the electricity, and that the only use of the inter-

posed water is to convey the excited electricity from

one pair of plates to the other. (Nich. Joiovi. 8vo. 1.

135.)—Some remarks were, about this time, published on
Volta's hypothesis, by Mr Cuthbertson and Dr Bostock;

the former objecting to some of Volta's experiments,

on which the electric hypotliesis of the pile was at-

tempted to be established, and the latter giving a more
detailed account of tlie chemical hypothesis.

Pepys's gal- By an ingenious alteration in Bennett's electrometer,
vanometcr. jj -^^g converted by Mr Pepys into a galvanometer. Mr

Pepys also confirmed the facts to which we have already

alhided, that oxygen is absorl)ed by the pile, that it

will not act in azote or in hydrogen, and that it may
be excited i?i vacuo, provided acid be interposed be-

tween the plates. {Philosoph. Mag. x. 38.) About
Rittet's ex- this time, Ritter* of Jena entered upon his investiga-
jeriments. tion of the galvanic phenomena, and both performed

many new experiments, and entered very zealously into

theoretical discussions. He conceived that he had ob-

served a connexion between galvanism and magnetism:
He says, that if an iron wire be placed in the magnetic
meridian, the north pole of the wire is more disposed

to become oxidated than the south pole ; when the

magnetized wire is placed in water, the south pole, on
the contrary, is most affected. If similar wires be em-
ployed, but not placed in the magnetic meridian, no
difference is to be observed in the oxidation of the two
extremities. See Joitrn. de Phys. Iv. 235.

In the experiments that had been performed on ani-

mals, those with cold blood had been generally em-
ployed, both on account of their being more conveni-
ent for the operation, and from the greater tenacity
with which they retain their vitality. It was, however,
ascertained, that animals with warm blood were equal-
ly susceptible of the influence ; and Creve of Wurtz-
burg had produced strong contractions in a human leg

ByVassali. after amputation. Vassali, in conjunction with his
friends, Giulio and Rossi, performed a more ample set
of experiments upon the bodies of some criminals
that were behea-'.ed at Turin. (Jonrii. de Phys. Iv.

286.) They pa'd particular attention to the effect of
the galvanic electricity upon the heart and the other
involuntary muscles, a point which had been the sub-
ject of much controversy. Volta supposed that the in-
voluntary muscles could not be made to contract. Fow-
ler however asserts, that contractions were excited in
the heart, although with difficulty ; and Vassali con-
firmed the observations of Fowler, and extended them
to the stomach and intestines ; the same opinion was
also maintained by Nysten. {Jonrn. Phys. Iv. 465).
"^ the otlier hand, Aldini, t.e nephew of Galvani,

' e as ar. assiduous experimen-
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History.

Experi-

ments on
animals
iirith warm
blood.

Mystcn.

Aldini.

Circaud's

On
who now came into notice
talist, asserted that he
heart.

V .
Circaud announced a discovery, which, if it were

expenments fully confirmed, would prove of great importance inon hbnne. physiology, that the fibrine of the blood, immediately
after it leaves the vessels, may be made to contract by
the galvanic apparatus. Delametherie confirms the state-
ment of Curcaud, from his own observations ; but we

have been informed that the experiment has not suc-

ceeded in this country ; and when we consider the dif- """V^
ficulty and delicacy of the process, we may be allowed,

without impeaching the veracity of the narrators, to

entertain some doubts on the subject. See Journ. Phys.
Iv. 468 ; and Iv. l6l.

In the year 1803, Aldini published his Treatise on Aldini's

«

Galvanism, a work which contains many curious expe- P'="™f"fs

riments, and also some new theoretical opinions. "The 9''"5'^''"

experiments which were the most calculated to produce '^^ \^^^
an impression upon the spectators, were performed on by the

'

the body of a criminal, who was hanged at Newgate, pile, 180

and also on the head and limbs of some of the larger

warm-blooded animals. A powerful battery being ap-
plied, very strong contractions were excited, the limbs
were violently agitated, the eyes opened and shut, the
mouth and jaws worked about, and the whole face was
thrown into frightful convulsions. These experiments,
however, were principally remarkable from the subjects

made use of, and the magnitude of the effect: there

were others performed, really more curious, in which
very considerable muscular contractions were excited, Contrae-

without the intervention of any metal, or other sub- '*''"*' P™'

stance which could be supposed capable ofdisengaging ""'''^'' *'

the electric fluid. In some cases the effect was pro- ""^

duced by bringing into contact the nerve of one animal
with the muscle of another, and at other times by em-
ploying the nerves ami muscles of the same animal. In
some of tlie experiments, there appears to have been the
most powerful contractions excited, by bringing the
parts of a warm and a cold blooded animal into contact

with each other. It does not appear, from any expres-

sions in this treatise, whether Aldini considered the
animal electricity, as he calls it, to be of a specifically

different kind from that excited by the pile, or whether
he supposes that the different parts of the animal body
have the power of generating the same kind of electri-

city, without the aid of any external agent. He, how-
ever, deduces from his experiments an inference in fa-

vour of Galvani's hypothesis, of a proper animal elec-

tricity inherent in the body, and not requiring the as-

sistance of any external agent for its developement.

There are some points respecting these experiments Remarks

that require farther explanation. ' The most obvious Aldim's

conclusion that we should draw from them, would be P*'"^""

that which was formed by Aldini himself, in favour of
a proper animal electricity. But if this be the case,

they must be regarded as essentially different from those

of Galvani, where an electricity of the usual kind was
certainly excited. Perhaps the most probable suppo-
sition is, that the parts of the body, in these experi-

ments, acted in a manner analogous to the pile which
was constructed by Sir H. Davy, in which electricity

was developed by the action of two different fluids

upon carbon. There are, however, many circumstan-

ces wanting to render this analogy complete.

An important experiment was announced by La- Lagrave'

grave : he stated, that by placing upon each other al- animal

ternate layers of muscular fibre and of brain, separated pil^-

by a porous body, soaked in salt water, a pile was form-
ed which protluced the usual effects of the galvanic

apparatus: {Journ. Phys. Ivi. 235.) The experiment
must be of difficult execution, and we do not know that

any one has since attepipted to repeat it. Should it be
confirmed, it would throw some light upon the experi-

ments of Aldini, and would assist in the explanation of

those facts, where animal electricity seemed to be de-

veloped, without the intervention of metallic bodies.

About this time galvanic electricity began to be ex-
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tcnsively employed in metlicine, especially in those dis-

eases where common electricity had been previously

found useful. It might have been expected that much
benefit would have been derived from so powerful an

agent, and one which is so easy of application to any

part of the body. Our expectations of advantage have,

liowever, been generally disappointed. Flattering ac-

counts of success were indeed published, in different

nervous disorders, in paralytic afTections, in deafness, in

some kinds of blindness, in the recovery of persons ap-

parently drowned or suffocated, and even in hydropho-

bia and insanity. But we believe that the practice is

now very generally relinquished, from a conviction of its

inutility.

Ritter published an account of a curious appendage

to Volta's pile, which he called the secondari/ pi'e, and
which has been frequently called the pile of Rilter. It

is a kind of electric apparatus, which may be charged

by the voltaic pile, or may be made to retain the elec-

tricity that is perpetually flying off from this instru-

ment. He perceived that a body, which had formed

part of the galvanic circle in the pile of Volta, when
tlie pile was removed, became itself electrical ; but it

exhibited an electricity opposite to that which it had
previously possessed. Thus, if two wires terminating

m water, and connected with the pile, were discharging

one oxygen and the other hydrogen, when they were

removed from it, they would still continue to discharge

the gases, but the operation would be reversed. These
"wires, in this state, may be considered as charged, and
if a greater number of similar wires be placed between
the ends of the pile, they will all become charged. The
nature of the experiment will not be affected, if, instead

of wires terminating in water, plates of metal be sub-

stituted, with wet cards interposed. An instrument

will thus be formed, which of itself cannot produce any
signs of electricity, but which may be rendered electri-

cal, by being placed in contact with the primary pile.

When the two piles are connected, the action of the

ends of each are reversed to each other, and, as when
they are separated, the ends of the secondary pile are

again reversed, consequently the ends of both the piles

will now act in the same manner. It is necessary for

the pile of Ritter to remain for some time in contact

with the pile of Volta, in order that it may be sufficient-

ly charged. It is stated that the chemical effect of

Ritter's pile, that is, its effect in decomposing water,

does not bear a regular ratio to its physiological effect,

that is, its effect in giving shocks. The author observes,

with respect to the voltaic pile, that its tension is the

greatest, and it produces tlie strongest effects on the

sensations immediately after it is constructed, but that its

chemical effects are the most powerful after it has been
acting for some hours. See Journ. de Phys. Ivii. 345.

Shortly after the publication of the account of the se-

condary pile, Ritter made a number ofexperiments with
the pile of Volta, which are original and curious. He
observetl that when a communication was formed be-

tween the positive end of the voliaic pile and the earth,

the whole instrument became negatively electrified, and
when the communication was made with the negative
end, the instrument became positive. These changes
do not, however, destroy the chemical action of the pile,

which goes on in the same manner as before the com-
munication was formed. He supposes that the decom-
position of water is effected in consequence of tlie po-
sitive end disengaging oxygen, and the negative end
hydrogen, and that the two ends have also a tendency

to dispose metals to unite with oxygen and hydrogen HUtory.

respectively. He says, if the positive end be armed '*"'V~^
with gold leaf, and the negative with charcoal, and
these substances be then brought into contact, the gold
will be burned ; but if the position of the substances
be reversed, the charcoal will be burned. When the
extremities of a pile do not communicate, it is said that
the action exercised between the different plates is very
unequal ; the zinc, which is nearest the positive end,
is the most oxidated. It is also asserted, that if a pile nifFcr«it

be broken into separate parts, by a number of wires
jffliren"

inserted between every fifth pair of plates, those wires parts rf the
nearest the positive end will be the most oxidated ; pile,

while, on the contrary, those wires near the negative
end will be less oxidated than if they had been sim-
ply plunged in water. Hence he infers, that at the
negative end an action has taken place, or a state has
been induced, the reverse of oxidation. He goes so far

as to say, that different sensations are excited by the
two ends of the pile, the one expanding, and the other
contracting, the muscular fibre; the positive end
strengthens the pulse, and produces heat, the nega-
tive weakens it, and produces cold. See Journ. de
Phi/s. Ivii. 401.

So far as we have been able to learn, few, if any, of Remarks
the experiments of Ritter have been repeated, either in on Rittei's

England or in France ; a circumstance which is not a cxperi-

little remarkable, when we consider that many of them ™*°'*

are quite original, and would lead to important theore-
tical deductions. His language .3nd manner of writing
are, however, unfortunately obscure ; and he abounds
so much in hypothesis, that he has not obtained that
degree of attention to which he would seem to be en-
titled, from his industry and ingenuity. It is scarcely
to be supposed that he could have been mistaken re-

specting the effect of the secondary pile, or that he
would have invented a series of facts, the fallacy of
which might be so easily detected. With respect to
the experiments on the voltaic pile, their authority is

more doubtful; they seem to have been performed with
a manifest view to a particular hypothesis ; some of
them are of an indeterminate nature, and we may ima-
gine that many are exaggerated, or even inaccurately
stated.

The attention of the different experimentalists was BiotV opi-

now much occupied with the comparative merits of the nions re-

two hypotheses, the electrical and chemical ; generally sp^i'ng 'li^

speaking, the English seemed to incline to the latter, and Jj^f^j"^
the continental writers to the former. Biot drew up a can- ^^ M\m.
did and judicious memoir, in which he compares the
merits of the two opinions, and endeavours to shew
how far either of them is supported by acknowledged
facts. Electricity, he observes, is certainly excited, but
it is not certain whether we ought to regard it as cause
or effect. He proceeds to inquire, whether the action

of the instrument depends entirely upon the oxidation

of the water, entirely upon the influence of the metals,

or whether it is not produced by the two in conjunc-
tion. This he decides to be the case ; and yet, at the
same time that he makes this decision, he appears to

have a leaning towards the chemical hypothesis. See
Ann. de C'him. xlvii. 1.

In the year 1 8()4, a very valuable memoir was writ- Hiu'nger
ten by Hisinger and Berzelius, which must be regard- and Ber-

ed as containing the fundamental principle of those melius oa

doctrines, which have since been so extensively deve-
J^*-'

'^l*"*-

loped by Sir Humphry Davy. By passing the galva- s^n'^*"
nic influence through soLitions of the different neutral igoi.
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salts, they found that there was a transfer of the acid

and alkah to different parts of the apparatus. They
formed the general conclusion, that whenever electri-

city is sent across a fluid, it disposes its constituents to

separate and pass to tlie two sides respectively ; com-

bustible substances, alkalies, and earths, are attracted

to the negative ; acids, oxides, &c to tlie positive ex-

tremity of the pile. The force of the decomposition

they suppose is in the ratio of the quantity of electri-

city, and that the electricity is in proportion to the sur-

face of metal which is in contact with a moist conduc-

tor. The decomposition is also influenced by the affi-

nity of the components of the substance, its power of

conducting electricity, and other circumstances. See

Ann. de Chim. li. 167.

Mr Cruickshanks, among his earliest discoveries, had

observed, that an acid and an alkali were generated at

the two ends of the wires in the interrupted circuit, and

this fact had been confirmed by other experimentalists.

The substances produced were supposed to be nitric

acid and ammonia; the first originating from the union

of oxygen with the azote of air dissolved in the water,

the latter from hydrogen combining with the same ele-

ment. But it was now announcecl that muriatic acid

wid soda were generated by passing the electric current

through pure water, and where this salt could not be

suspected to be present in any part of the apparatus, or

in any of the materials employed. In the spring of ISC'),

the following letter was published, purporting to be writ-

ten by Mr Peel of Cambridge :
" 1 took alxmt a pint of

distilled water, and decomposed about one h;ilf of it by
means of galvanism, the other half I evaporated, and
found to remain at the bottom of the glass a small quan-

tity of salt, which, upon examination, proved to be muri-

ate of soda. Tlie salt could not have been contained in

the water before I made the experiment, because I used

every precaution to have it free from impurities. I even

took the trouble to repeat the experiment, though a tedi-

ous one, and I again obtained the same result. A friend

of mine has just infonned me that he has tried my ex-

periment, and has succeeded in procuring the salt." See
Tilloch's Mag. xxi. 27.9.

Almost at the same time that this notice was publish-

ed in London, Pacchioni, professor at Pisa, gave an
account of some experiments upon the action of gal-

vanism on water, in which he obtained results analo-

gous to those stated above. He informs us, that when
water had been for a long time subjected to the galva-

nic influence, and had been parting with its oxygeu
from the extremity of a gold wire, the fluid was found
to contain a quantity of oxymuriatic acid. From this

experiment he drew the following conclusions : Oxy-
muriatic acid is an oxide of hydrogen ; it consists of
water deprived of part of its oxygen ; muriatic acid is

water in a still lower degree of oxidation; and, of
course, oxygen and hydrogen are susceptible of diffe-

lent degrees of oxidation. See Edinburgh Med. Journ.
i. 393.

A great degree of attention was excited by these ex-
periments, to which the more credit was attached, be-
cause they proceeded from sources entirely independent
of each other. They were repeated by different expe-
vimentalists in this country, «uid in some cases with ap-
parent success. Mr Syjvester in pai-ticular, obuined
traces both of muriatic acid and soda, where proper pre-
sautions were supposetl to liave been taken, to ex-
cUttle the muriate of soda from every part of the appa-
aatus. But from facts which have been subsequently
discovered, we may conclude, that the substances ob-

tained in these cases were not derived from the decom-
position of the water. Pacchioni's experiments are now
universally admitted to have been incorrect ; and it ap-

pears that no such individual as Mr Peel could be found
in Cambridge, so that the letter bearing his name is a

complete labrication. It was not, hov/ever, entirely

witliout its use ; for the minute examination of the ef-

fects of galvanic electricity upon water, to which it gave
rise, may probably be regarded, in some measure, as

the immediate cause of Sir H. Davy's most important
discoveries.

An elaborate memoir was, about this time, written by
Erman, on the conducting power of differ<;nt bodies,

which obtained the prize from the French Institute.

His object was to remove some anomalies, which ap-
peared to exist in the relation of tiie galvanic electricity

to the diffierent conducting substances.

He divides all bodies into five classes : 1st, Perfect

non-conductors ; 2d, Perfect conductors ; 3d, Imperfect

conductors ; 4th, Positive conductors ; and 5th, Nega-
tive conductors. The nature of the three first classes

requires no explanation ; the fourth and fiftli class of

bodies act as perfect conductors, when applied to either

of the two poles separately, but when placed be-

tween them, insulate either the positive or negative pole

respectively, and do not form a communication between
them. The flame of a spirit lamp is described as a po-

sitive conductor ; if it be applied to each pole separate-

ly, it conducts the electricity ; but if it be placed be-

tween the two poles, it will not form a communication
between them, in consequence of its insulating the ne-

gative electricity. Although flame is a cojiductor of

galvanism, it does not conduct it so perfectly as metals.

No effect is produced, when flame is interposed between
the extremities of the pile. Flame is, however, a very

different substance according to the body from which
it is procured : the above observation refers to the flame

of a hydro-carbonous body. The flame of sulphur in-

sulates both the poles ; and that ofphospliorus insulates

the positive, and conducts the negative influence. Phos-
phorus must therefore be placed in the fifth class ofbo-

dies ; and pei-fectly dry soap is also a negative conduc-
tor.

The author gives an account of a number of experi-

ments that he performed on this latter substance, many
of which are curious and original. Hard soap, when
perfectly dry, if applied to either end of the galvanic

pile, conducts all the electricity from that extremity in-

to the ground, and there appears to be no perceptible

difference in its action upon the two extremities. If

wires be connected with each end, and be made to ter-

minate in a prism of hard dry soap, which is kept irwu-

lated, the circuit will not be completed ; but ifthis soap

be uninsulated, by establishing a communication with the

ground, an electrometer connected with the positive

pole, manifests a great degree of divergence, while one
on the negative pole loses all signs oC it. " Consequent-

ly,'' M. Erman observes, " the soap which insulates the

positive effect, is a perfect conductor for the negative."

As a proof and illustration of this property, the author

informs us, tliat " if one finger be applied to the wire

of the positive pole, and another finger wetted to the

soap, no shock is felt, and the electrometers do not show
the least change in their respective divergencies. But
if the experiment be refjeated, by establishing a com-
munication between the positive pole and tlie soap with

both fingers wetted, a very perceptible shock will be
felt, and the two electrometers will arrive at an equal,

and a very weak degree of intensity." He proposes the
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followin/;; nomenclature for these five classes of bodies :

1st, Insulators ; '2(1, Perfect conductors; 3d, Bipolar im-
perfect Conductors; 4th, Positive unipolar; and 5th, Ne-
gative unipolar: (Jour. Phys.lxiv. 121.) Although, as we
shall afterwards nnd, Mr Brande explains the facts upon
rather a different principle, yet they are highly iinpor-
tint, and M. Erman is entitled to much commendation
for the skill with which he conducted his experiments.

Guyton suggested <in idea, which appears sufficiently

plausible, that the action of galvanism may affect the
formation of metallic oxides, and even cause them to
assume the particular forms which they occasionally ex-
hibit : (Ann. de Chim. Ixiii. 1 13.) Bucholtz deUiled a se-
ries of experiments which he performed, where a me-
tallic oxide, held in solution by an acid, was precipi-
tated in the metallic state by the metal itself. The me-
tallic solution was placed in the bottom of a cylindrical
^ar, and a stratum of water was carefully spread over
It. A slip of the same kind of metal tliat formed the
solution was then placed perpendicularly in both the
fluids. The upper part of the metal which was in the
water was oxidated, while the lower part in the metal-
lic solution had particles of the reduced metal deposited
upon it. The reduction of the oxide was always ex-
pedited by whatever promoted the oxidation of the up-
per part of the metal. Experiments of an analogous
nature were performed by Grotthus, on what he calls
the arborization of metals, which, like the circle of
actions described by Bucholtz, he attributes to a gal-
vanic operation. In these processes, however, there
are two metals concerned ; and he shews that the tree
is formed by successive portions of the dissolved oxide
being reduced and attached to the solid metal, which,
m its turn, becomes oxidated : {Ann. de Chim. Ixiii. 5.)
We have a little anticipated the chronological order in
the relation of these two last sets of experiments, in
order that we might not be interrupted in narrating the
account of the decomposition ofthe alkalies and earths,
which composes the third period of the history of gal-
vanism.

Sect. III. Decomposition of the Alkalies and Earths.

About the conchision of the year 1806, Sir H. Davy
read to the Royal Society of London the first of his
series of papers, on what has been styled the electro-

chemical action of bodies, which have been so justly
celebrated, no less for the brilliant discoveries of which
they give an account, than for the acuteness and saga-
city which the author displays in his researches into
the most hidden operations of nature. He commences
by some remarks on the action of galvanic electricity

upon water. He notices the experiments in which
acids and alkalies appear to have been formed in water
subjected to the galvanic current ; and he states, that
when he employed separate portions of water, connected
together by slips of bladder, and united by gold wires
to the voltaic battery, he obtained nitro-muriatic acid
at the positive, and soda at the negative wire. It was,
however, conjectured, that the animal matter placed
between the two portions of water might contain mu-
riate of soda, and thus afford the substances procured
in the experiment ; he therefore, at the suggestion of
Dr Wollaston, substituted asbestos for tlie slips of
bladder. It was also conceived, that when glass ves-
sels were used, the alkali might proceed from a partial
decomposition of the glass ; and after trying various
other substances, at length conical vessels of gold were

VOL. X, PART I.

89
employed. With these precautions, and when the water HUtory.
was very carefully prepared, no acid or alkali wereob- •""'/^^^

tained; and consequently the author concludes, that in -,
all those experimenU which were attended with con- ,1^^ ""^

trary results, the acid and alkali must have proceeded rau-d!

*™*'

from some extraneous source, not having been gene-
rated, but evolved, either from something held m so-
lution by the water, or from some of the materials em-
ployed in the apparatus. Perfectly pure water, when
subjected to the action of electricity, affords nothing
except oxygen and hydrogen.
The very powerful action of the galvanic electricity, BeoimpoM.

in the decomposition of various earthy and saline com- '•"" "^

pounds, as experienced by Sir H. Davy in the researches neuu^""above mentioned, offered an extensive field for farther salts.

'

investigation. Hisinger and Berzelius, in the valuable
memoir to which we have already referred, noticed the
tendency which different bodies possess, to attach them-
selves to one of the wires exclusively ; acids and analo-
gous bodies being attracted to the positive, while alka-
lies, metals, and all inflammables, were attracted to the
negative wire. Our author had observed similar pheno-
mena in his own experiments, and was induced to make
them the more immediate subject of his examination.
Acids and alkalies were found uniformly to observe this
order ; and it was perceived, that when substances, not
supposed to be soluble in water, formed part of the
circuit, they were also decomposed, and their compo-
nents carried to the positive and negative wires respec-
tively. In this way was effected the decomposition of
sulphate of lime, sulphate of strontites, fluate of lime,
and sulphate of barytes. It was also perceived, that
where small portions of acid and alkaline bodies entered
into the composition of solid earths, they might be de-
tected by the galvanic influence, and would be trans-
mitted to their respective wires. In this way, lime and
soda were obtained from basalt and from zeolite, pot-
ash from lepidolite, &c. In proportion to the solubility
of a salt, its decomposition was the more readily ac-
complished; and when neutral salts were employed,
the separation of the component parts seems to have
been quite complete.

The tendency which different substances possess to Transfer of
attach themselves to their appropriate wires, causes the consti-

them to be transferred across a medium which may be 'uema of

interposed. Thus, if muriate of lime be at the positive <:o™PO"n'Js-

wire, the lime will pass, for a considerable space, to Plate
gain the negative wire, and may he conveyed from one t-'pLXlII.

vessel to another along the conducting fibres of the as- J^"
^''''

bestos. In the same manner, when nitrate of silver
was on the positive side, and distilled water on the ne-
gative, the silver passed along the transmitting ami-
anthus, so as to cover it with a thin metallic film. When
a neutral salt was placed in a vessel, between two other
vessels of water connected by asbestos, the alkali pass-
ed to the negative, and the acid to the positive side

:

the decomposition in this case is complete, and the sub-
stances produced quite pure. A small vessel of the in-
fusion of litmus was interposed between pure water
and the solution of sulphate of potash, and the latter

was negatively electrified. The acid passed across to
the positive wire, and reddened the litmus, but the
change of colour did not extend beyond the centre ; so
that the negative side, although it was transmitting the
acid, was not affected by it. An experiment of pre-
cisely an opposite kind was performed with the infu-
sion of turmeric, with a similar result ; and after^vards
the two operations were combined in the same experi-
ment, 80 that soda passed through turmeric, and muri-

M
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As it appeared that acids and alkalies conld be con-

veyed through water, without affecting colouring sub-

stances dissolved in it. Sir H. Davy next tried whether
this power might not extend to other bodies. He ac-

cordingly found, that acids conld be transmitted throiigh

alkalies, and alkalies through acids, to their respective

wires, without neutralizing each other ; and, in short,

that the electrical state which was induced upon a sub-

stance, by the contact of the galvanic apparatus, had the

power of coimteracting, or even changing, the effects

of chemical affinity. The general principle was thus

completely established, that hydrogen, alkalies, and
metals, are attracted by the negative, and repelled by
the positive end of the pile, wliile acids and oxygen are

attracted by the positive, and repelled by the negative.

For the production of this effect, it is necessaiy that

there be a conducting chain of particles through the

transmitting fluids ; the transfer cannot take place

where insoluble compounds are formed, because in this

case the new compound is carried out of the sphere of

action.

The establishment of the general principle mentioned
above, suggested some views of the nature of the change
produced by electricity, which led to a new train of
experiments. Sir H. Davy observes, that many bodies,

after being brought into contact, exhibit opposite states

when they are separated. When a galvanic combina-
tion is formed from an acid, an alkali, and a metal, the

alkali appears to acquire, and the acid to part with, a
quantity of electricity ; the alkali is therefore rendered
positive, and the acid negative, and they will of course
have an attraction for each other. He found, that when
such acids as were capable of being employed in the
<lry state were touched by metals, and then separated,

the acids were rendered negative, and the metals posi-

tive ; but when the metals were touched by the alka-

line earths, the metals became negative. Hence it may
be concluded, that acids and alkalies not only exhibit
-opposite electricities, when they have been in contact
with raetals, but also when they have been in contact
with each otlicr. The attraction of oxygen and acid
for the .positive, and of hydrogen and alkalies for the
negative electricity, is so powerful, as to counteract
their usual chemical affinities.

These considerations induced the author to enter into
some farther speculations respecting the relation be-
tween the electricity of bodies and their chemical affini-

ties. We have seen that chemical affinity is destroyed
by giving a body an electricity different from its natural
one, and is, on the contrary, increased by giving it a
greater share of its natural electricity. It would far-

ther appear, that all those bodies which possess a che-
mical affinity for each other are naturally in opposit*
states of electricity, and hence we conclude, that by in-
ducing a state of electricity upon any body, contrary to
its natural one, its chemical relations may be changed,
and that thus we have in our possession an agent of in-
definite power for affecting the decomposition of sub-
stances which had hitherto withstood all our attempts.

With respect to the action of the voltaic pile, Sir H.
Davy conceives, that the first steji in the process is the
destruction of the electrical equilibrium, and that the
chemical changes tend to restore it to its original state.
The sahne solution, which is interposed between each
pair of plates, is decomposed, the acid is transfened to
the zinc, and the alkali to the copper surface, i'iiis

Jends to restore the equilibrium, wliich is destroyed by

the contact of the metallic elements of the pile; but the

solution of the zinc, which then takes place, again alters

the electrical condition of the bodies, and maintains the

energy of the apparatus. Upon the whole, although it

may be supposed tliat the chemical changes are an es-

sential part of the process, they are considered by the

author as only of secondary importance; the first step

in the process, and that which immediately gives rise

to all the rest, being an electrical effect arising from the

action of bodies placed in contact.

The uncommon merit of this paper has induced us

to give a copious abstract of its contents. It may be re-

garded, not only as giving rise to some of the most im-
portant experiments and discoveries that have occurred

in the history of modern science; but as leading to the

establishment of a new train of reasoning, and to anew
theory, respecting tlie action of bodies upon each other,

and the coimexion which subsists between the diffe-

rent brandies of natural philosophy. The general prin-

ciple being clearly established, the consequences were
comparatively obvious, and the skill and ingenuity,

which Sir H. Davy afterwards manifested, in the con-

trivance and execution of the experiments, which are

next to be related, although attended by such brilliant

results, are really less meritorious, than that profound

insight into the operations of nature, by which they

were suggested. Highly, however, as we appreciate

the merit of Sir H. Davy, we think it proper to remark,

that the views suggested by Hisinger and Berzelius

must be regarded as leading to the theory that was so

amply detailed and so firmly established by our illus-

trious countryman. See Phil. Trans, for 1807, 1.

About a year after the reading of the above paper.

Sir H. Davy presented a second to the Royal Society, in

which he most happily applied his hypothesis to prac-

tice, and succeeded in solving the problem, which had
so long remained involved in obscurity, respecting the

composition of the fixed alkalies. After encountering

some difficulties in tlie arrangements of the operation,

the grand object was at length accomplished in tlie fol-

lowing manner. " A small piece of pure potash, which
had been exposed for a few seconds to the atmosphere,

so as to give conducting power to the surface, was
placed upon an insulated disc of platina, connected with

the negative side of the battery, of the power of 250 of

6 and 4, in a state of intense activity ; and a platina

wire, communicating with the positive side, was brought
into contact with the upper surface of the alkali. The
whole apparatus was in the open atmosphere. Under
these circumstances, a vivid action was soon observed

to take place. The potash began to fuse at both its

points of electrization. There was a violent efferves-

cence at the upper surface ; at the lower, or negative

surface, there was no liberation of elastic fluid; but

small globules, having a high metallic lustre, and being

precisely similar in visible characters to quicksilver, ap-

peared, some of which burst with explosion and bright

flame, as ^oon as they were formed, and others remain-

ed, and were merely tarnished, and finally covered by
a white fihn, which formed on their surfaces."

These globules proved to be the substance of which
the author was in search, and were found to be a pecu-

liar inflammable body, possessed of very singular pro-

perties, which constituted the base of potash. By em-
ploying a similar kind of process, a substance was pro-

cured from soda, which exhibited properties of an ana-

logous nature, and which was the basis of the mineral,

as the former was that of the vegetiible alkali.

The author then proceeded to examine the properties
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••>y- of these bodies, and by a masterly train of experiments,

f""^ simple yet conclusive, he demonstrated that they are

metals ; that they have every quality which is deemed
essential to characterise this class of substances, and

r "f that the alkalies are oxides of these metals. The theory
*•"*'• of the decomposition of the alkalies, by means of the

galvanic apparatus, is sufficiently obvious, and follows

as the direct consequence of the facts that had been

previously establishetl. In all the decompositions that

had been effected by the elei'trical influence, combus-
tible substances were developed at the negative wire,

while oxygen was pn.duced or evolved at the positive

termination. That this was the case with the alkalies,

was not only rendered probable by the result of the

process, but was afterwards proved by subsequent ex-

periments. " When soliil potash or soda, in its con-

ducting state, was inchuled in glass tubes, furnished

with electrified platina wires, the new substances were
generated at the negative surfaces ; the gas given out

at the other surface, proved by the most delicate exa-

mination, to be pure oxygen ; and unless an excess of
water was present, no gas was evolved from the nega-
tive surface."

The experiments by synthesis confirmed the results

of those by analysis. The new metallic bodies were
converted into potash, by exposure to the air, and it

was found that this depended upon the ox3'genous part

of it. When the globules were placed in contact with
oxygen, they combined with it, and were covered with
an alkaline crust. Sir H. Davy observes very justly,

" that in these facts there is the same evidence for the

decomposition of potash and soda into oxj-gen and two
peculiar substances, as there is for the decomposition of
sulphuric and phosphoric acids and the metallic oxitles,

into oxygen and their respective combustible bases."

The two components of the alkalies obey the general
law which was laid down in the former paper ; the me-
tallic or combustible base is attracted by the negative
extremity of the apparatus, and perhaps repelled b)' the
positive; while the oxygen, which reduces it to the state

of an oxide, follows the contrary order. In the recom-
position of the alkalies, the substances exert their na-
tural affinities; according to circumstances, either simple
oxidation is produced, or a more rapid combination, at-

tended with the extrication of heat and light.

Su- H. Davy next proceeded, in an elaborate train of
experiments, to ascertain the physical properties of
these metals, to which he gave the names of potassium
and sodium, and their chemical relations to other bodies.

He examined their fusibility, the power which they
possess of conducting electricity and caloric, and their

specific gravity. He afterwards observed their action

on water, the acids, sulphur, phosphorus, the metals,
oils, and metallic oxides. It is scarcely necessary to
remark, that the examination was conducted with the
address and dexterity which characterizes all the opera-
tions of this distinguished experunentalist. A minute
detail of the particulars would be foreign to the object
of this article, and strictly belongs to the science of
chemistry

; gdvanism being no farther connected with
these bodies, than as the instrument by which they are
produced. On this account it will not fall under our
province to notice the discussions which ensued re-
specting the nature of these new metals ; for although
it was generally admitted that the substances were the
bases of the fixed alkalies, and were metallic, yet tliere

were some circumstances in the mode of their forma-
tion, which led to the supposition, that they were a

compound of u mclu! and hydrogen-; but this opinion HUtory*

is now abandoned. ^^"V"^
Tlie analogy which exiaU between the properties of Attempts

the fixed and the voktile alkalies, led Sir H. Davy to to ilecoin-

apply his powerful means of decomposition to ammonia, po'^.*"'-

The analogy of properties', however, which causes them
""""*•

to be placed in the same class of bodies, seemed to be
counteracted by the experiments of Berthollet, who, as

is well known, had resolved this latter substance en-
tirely into hydrogen and azote. Accordingly the me-
tallic nature of ammonia has not yet been proved, and
although Sir H. Davy, in his earlier experiments, con-
ceived that he had procured oxygen from it, and Ber-
zelius obtained a species of amalgam, by exposing it in

contact with mercury to the galvanic influence, yet

subsequent experiments by Henry, and Gay-Lussacand
Thenard, appear to explain these appearances on other

principles, and to restore the original conclusion, that

ammonia is a compound of azote and hydrogen alone.

See Phil. Trans,for 1808, p. 1.

Sir H. Davy next tiu-ned his attention to the earths. Decompo—

He found them more difficult to decompose than the 'j''"" "^
alkalies, and many arrangements were employed with- * **' *

out success. The object was, however, at length, to a
certain degree, accomplished by mixing the earth with
a metallic oxide, and placing this in contact with a
globule of mercury negatively electrified, when an
amalgam was formed, consisting of the mercury and
the metal of the earth employed. In this way it'ap-

poared, that a metallic basis had certainly been obtain-

ed from the four alkaline earths, to which the names
of barium, calcium, strontium, and magniura, were re-

spectively applied. The remaining earths, silex, alu-

mine, zircon, and glucine, were still more refractory,

probably in consequence of their more powerful affini-

ty for oxygen. No decomposition could be effected by
, the same means which had been found successful with
the alkaline earths ; but it was at length partially ac-

complished, by keeping the earth in fusion with pot-

ash, inducing upon it positive electricity, and touching
it with a negative wire. In this case an amalgam was
produced, which probably consisted of the metal of the

earth employed and potassium. See Phil. Trans, for
1808, p. 333.

The brilliant discoveries of Sir H. Davy, and still Confimia-

jnore the new and powerful agent which he had intro- ''O" of

duced into chemistry, could not fail to engage the at- ""yy"' ^''-

tention of all those who were interested in the progress f''""'^"

of the science. Among these, Gay-Lussac and The-
nard in Fnuice, and Berzelius in Sweden, immediately

commenced their operations in the application of gal-

vanic electricity to the decomposition of bodies, made
many important experiments, and brought to light

many new facts. The general result was, to afford an

ample confirmation of the statements of our illustrious

countryman in their most important parts, although in

some particulars they regarded the subject in a diffe-

rent point of view, both as to the mode of accounting

for the effects, and the consequences which they dedu-

ced from them. These discussions, as well as the many
new and interesting experiments connected with them,

which have completely changed the aspect of many
branches of chemistry, and have enlarged our know-
ledge of the nature of bodies far beyond its former li-

mits, it does not belong to our department to detail.

It will be proper, however, to lay before our readers

some of the observations that were made by Gay-Lus-

sac and Thenard, on what strictly belongs to galvaii*
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ism, reserving the consideration of the hypothetical

opinions to the second division of the article.

These sagacious experimentalists remark, that, next

to the construction of the pile itself, the most important

discovery was made by Hisinger and Berzelius, who
found that when the electric current decomposed a neu-

tral salt or an oxide, the oxygen and acid were carried to

the positive end, and the base to the negative. The
application of this principle enabled Sir H. Davy to

effect the decomposition of the alkalies. The authors

point out the distinction between the electrical and the

chemical energy of the pile ; actions which are essen-

tially dissimilar, and which do not exist in the same
ratio. They state, that a comparatively few plates,

with acid interposed between them, will decompose
the alkalies ; while a greater number, with water instead

of acid, will not produce this effect, and will yet exhibit

a higher electrical tension. The power of the appa-

ratus was found to be nearly in proportion to the

strength of the acid employed ; and some comparative

experiments were instituted, for the purpose of compa-
ring the effects of acids, alkalies, and neutral salts.

The test which they employed to judge of the quan-
tity of effect produced by the pile, was the amount of

gas evolved from a fluid, subjected to the action of the

wires connected with its two extremities : this they
conceived was a more exact measure of its energy than
the different lengths of wire which it was capable of
consuming.
When they employed a very powerful battery, it

was observetl that considerable shocks were given by
it to an individual ; but that in a chain of four or five

persons, it was not felt in the centre ; and in tlie ex-

tremities of the chain, that part of the body received

the greatest impression which was nearest to the appa-
ratus. This fact is supposed to prove, that the elec-

tric fluid cannot circulate through the whole circuit,

according to the Franklinean hypothesis. When the

battery is put into strong action, its chemical effect,

«. e. its power of decomposing water, soon declines, or
altogether ceases, while its electrical tension remains for

some time longer unimpaired.

An interesting train of experiments is next detailed,

in which mercury was interposed between the wires,

and formed an amalgam with the substance which was
intended to be decomposed : an arrangement which we
have already pointed out as having been employed by
Sir H. Davy in Iiis decomposition of the proper earths.

They repeated the experiments of this philosopher on
ammonia, and they formed the amalgam with mercury,
which he conceived was composed of this substance
with the metallic basis of ammonia; but they differ

from him in their idea of its constitution, and suppose
that there is no evidence of the existence of the metal
of the volatile alkali, although the analogy of the fixed
alkalies offers so powerful an argument in its favour.

While Sir H. Davy was pursuing, with so much suc-
cess, his interesting researches into the electro-chemical
ac-tion of bodies upon each other, M. De Luc under-
took to investigate the nature of the galvanic pile, and
to examine the mode of its operation. After some ani-
madversions upon the hypothesis of the inherent elec-
tric energies of bodies, which constitute the origin of
the train of phenomena that are connected with the
pile, he proceeds to dissect this instrument into three
parts. He divides it into three separate groups, corre-
sponding to what he regards as the three elements of
the pile. These elements are the two metals and a
fluid. They were first placed witlj the fluid between

the two metals; then with the fluid in contact with History

one, and afterwards in contact with the other metal, "'"'V^
the different groups being kept distinct from each other
by small wire stands, so as to confine the action to

that part alone. When the piles were fitted up in these Plate
three different ways, a delicate electrometer was at- C(;i.xill

tached to each extremity, and they were also connect- '"'fc''-
^*-

ed by the interrupted wire passing through water.
His first set of experiments were made upon tiie pile pia. 19.
in which the groups were aiTanged with the fluid be- „.

tween the two metals. By means of the electrometer, ti™Vfth
he observed which ends of the apparatus were in the mle.
positive and negative states respectively ; and he like-

wise made some new observations on the direction
which the electric current takes in its passage across
the water— in the interrupted circuit— and in the
body of the pile itself. His observations agreed with observa-
those originally made by Nicholson, that the extremity tions on t

of the pile which is connected with the wire emitting direction

oxygen, is positive, and that the current is directed '•'« <="''™

from this to the wire which emits the hydrogen. He ""''. °" '''

informs us, however, that although electrometers pla- necatWe*
ced at the extremities, when they are affected, indicate sutes.

the electricity to be in the state mentioned above ; yet
they are not always both of them affected, sometimes
only the positive electricity is visible, sometimes only
the negative, while at otlier times both of them are

perceptible. He conceives that, from various causes,

the electric fluid passes through the apparatus with
different velocity at difterent times, or through its dif.

ferent parts at the same time, so as to produce a partial

accumulation or deficiency : It seems to be always re«

tarded when it passes from the point of the wire into

water. He observes, that the expressions positive and
negative, as applied to the ends of the pile, or to the
wires in the interrupted circuit, can only be regarded
as comparative terms, because the chemical action of
the pile goes on as usual in the decomposition of wa-
ter, although the whole instrument be rendered posi-

tive or negative, by attaching it to the prime conduc-
tor, or to the rubber of the electrical machine. This
experiment is adduced to prove, that the action of the

pile is not necessarily connected with the electric ener-

gy of the substances that enter into its composition.

The pile, when dissected in the first way, with the

fluid interposed between the two metals, acts in the

same manner as if the parts were continuous, except

that the effect is rather less powerful.

M. De Luc then examined the action of the pile, when Second 1

dissected according to the second arrangement, where section,

the metals were placed together, and the wet cloth in

contact with the zinc, or the most oxidable of the me-
tals ; the ternary groups being separated from each

other by the wire frames. The extremities of the pile

indicated to the electrometer the same states of positive

and negative, as in the former instance, but no shock

was experienced ; when the wires of the interrupted

circuit were placed in water, although it appeared that

there was a communication established through the

fluid, yet no decomposition took place, nor did there

appear to be the retardation of the electric current upon

its entering the fluid, as in the former case. Hence
the author concludes, that the electrical and cliemical

effects originate from different causes, because in this

state of the instrument the electrical effects continue,

although the chemical effects are suspended. The Third 'd

third dissection of the pile was now made, i. e. it was seotioni

divided into ternary groups, consisting of the metals

contiguous to each other, and the wet cloths in contact
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with the silver ; the j^jroiips beinsj separated as before,

by wire supports. Here tliere was no effect percep-

tible, either electrical or chemical.

In the above experiments, the cloths which were em-
ployed to retain the fluid were moistened with water:

A second set of experiments was now j^erformed, in

which a strong solution of muriate of soda was employ-
ed. The pile, whether moistened with water or the

saline solution, had tlje same effect upon the electro-

meters, both as to quality and quantity ; but when the

salt was used, there was a more powerful effect upon
the sensations. Fie observed, that a new shock was
experienced every time either of the hands was brought
into contact with the apparatus, or removed from it

;

but that no effect took place as long as they remained
in contact. When the interrupted circuit was applied

between the extremities of the pile, the shock might be
felt, but it was rendered less violent ; and the chemical

effects were diminished, but not suspended, while the

contact of the body was preserved : hence it may be in-

ferred, that the body is about an equally good conduc-

tor with water. The retardation of the current ap-

peared to be rather greater in this case, than where the

apparatus was supplied with pure water.

Tlie pile was now dissected in the same three ways
as before, mm-iate of soda in solution being employed
instead of water. In the first dissection, i. e. with the

moistened cloths between the plates, tlie same electric

effects were exhibited by the electrometers, the same
shock was felt, and the same chemical effects were pro-

ducetl, only in rather a less degree than in the continu-

ous pile, with muriate of soda. The second and third

dissections of the pile produced exactly the same effect,

as when the same dissections were employed with pure
water.

The author afteiVards enters upon a number of spe-
• culations respecting the manner in which the electric

fluid circulates through the apparatus, and upon the

immediate cause of the electrical and chemical pheno-
mena. He conceives, that when no cause of retarda-

tion exists, the electric fluid circulates so rapidly through
the pile, as not to exhibit any of its effects, or indeed
not to indicate its presence ; and that when these are

manifested, it always depends upon some retarding

cause. The electrical and chemical effects are supposed
to originate from different parts of the pile, or from dif-

ferent groups, considei'ed in their relation to the parts

contiguous to them. The electrical effects consist sim-
ply in the combination of the two metals, each pair be-

ing separated by a non-metallic conductor ; while for

the chemical effects, ternary groups are necessary, the
two metals with a fluid between them. This distinc-

tion between the two sets of properties, or the two
modes of action, is supposed to be proved by the dif-

ferent effects which are produced by the pile in its three
states of dissection. In the pile dissected in the first

manner, which indeed may be regarded as equivalent
to the instrument in the continuous state, both the elec-
trical and chemical action takes place : for here are the
two metals, either in contact, or connected by the wire
frames, for the electrical effects ; and for the chemical
effects, there are the two metals with the wet cloth in-
terposed. In the pile as dissected in the second man-
ner, there are the binary groups, i. e. the metals in
contact, and accordingly they prmluce the electrical ef-

fects ; but we have no chemical effects, because they
have no fluid between them. In the third dissection,
no effects are produced ; we have not the chemical ef-
fects, because the metals have not the wet cloth be-

4

tween them, and we have no electrical effects, because
the zinc has the copper plate on one sitle, and the wire
frame on the other, which have the same electrical re-
lation to the zinc, and therefore counteract each other.
The different effects which seeme<l to ensue, between

the pile when furnished with pure water, and with the
solution of a neutral salt, induced M. De Luc to exa-
mine what connexion existed between the oxidation of
the zinc, and the chemical action of the instrument.
For this purpose he formed a pile of silver and pewter,
the pewter being selected for the experiment, because
it has an electrical relation with silver, and is oxidablc
by muriatic acid, at the same time that it is not much
affected by pure water. In the first instance, water
was interposed between the plates ; the extremities of
the pile, as indicated by the electrometer, became elec-
tric, the pewter side negative, and the silver positive

;

but there was no shock, nor any decomposition of the
water in the interrupted circuit. A pile was then form-
ed of such a number of zinc and silver plates, that its

electrical energy might be the same with the pewter pile

;

but here there was both the shock produced, and the del
composition of water. The pile of pewter and silver was
then fitted up with muriatic acid; and in this case, when
the pewter plates became oxidated, the shock and the de-
composition of water were both produced. From these
experiments, the author deduces the following conclu-
sions. When the metal is not oxidated, no chemical
effect is produced on the water in the interrupted cir-
cuit. W'hen the oxidation is produced by means of pure
water, there is no shock, although the chemical effects
take place ; and lastly, when either of these effects are
produced, the current of electricity is retarded in iu
passage across the water in the interrupted circuit.

It was in the prosecution of these experiments, while
he was examining the effect of different conducting
substances placed between the plates, that M. De Luc
was led to the discovery of the curious instrument, cal-
led the Electric column ; a pile consisting of a number
of discs of zinc and gilt paper, placed alternately upon
each other, and included in a glass tube. This has al.
ready been described under the article Electricity, p.
469, and as it must be regarded as a stricly electrical ap-
paratus, we shall not enter into any details respecting its
effects or its mode of action. See Nicholson's Journal,
xxvi. 39-

While Sir H. Davy and M. De Luc were thus enlar-
ging our knowledge of the powers of galvanism as a
chemical agent, and of the means by which its wonder-
ful effects are accomplished, Mr Children was advan-
tageously employing himselfin improving the apparatus.
He formed a battery, constructed upon a principle, ori-
ginally suggested by Volta, according to which the
plates are not cemented together, but are connected
only at the top by a metallic conductor, and are then
immersed in the cells of a trough. He employed 20
pair of plates, of four feet by two, making in all a sur-
face of 92,160 square inches. The fluid that he used
was a diluted mixture of nitric and sulphuric acids, the
whole quantity being no less tlian 120 gallons. The
effect of these large plates was to fuse entirely, in
about 20 seconds, 18 inches of platina wire, of one-
thirtieth ofan inch in diameter, and to render Uiree feet
of the same wire red hot. Charcoal was burned with
intense brilliancy. It seemed not a little remarkable,
considering the powerful effect on platina wires, that
the ac-tion of this battery on iron wires was rompara-
tiyely trifling. Of iron wire, l-70th of an inch in
diameter, it barely fused ten inches, and had not power
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to ignite three feet. It had not the power of tlecompo-

sing barytes and other similar sii'bstances ; it did not

affect Bennet's electrometer ; and it seemed scarcely able

to produce a perceptible sliock.

Air Children next formed a battery of 200 pairs of

plates of two inches square, affording a surface of S200
inches. With this tlie alkalies and alkaline earths were
readily decomposed, and a considerable divergence was
produced in the gold leaves of the electrometer. From
this comparison of the effects of the two batteries, we
are led to the conclusion which has been already refer-

red to, that the inleiisity of the electricity is increased

with the number, and the quanlili/ of it with the extent

of the metallic plates. Upoi this principle, we may
explain why the platina wire was acted upon more rea-

dily than the iron wire, the more perfect conducting

quality of the former presenting no obstacle to the pas-

sage of the electricity through it ; while the tendency

of the iron to oxidation required a greater intensity of

the fluid to effect its transmission through the wire. In

this paper, the author states, that he has removed one
of the objections that have been urged against the

identity of the galvanic and the common electricity,

that the former has no striking distance ; by employing
a proper apparatus, he ascert.tined that the galvanic

spark was capable of passing through a certain space

between the extremities of two platina wires.

Mr Children's general conclusion is, that " the abso-

lute effect of a voltaic apparatus is in the compound
ratio of the number and size of the plates; the intensi-

ty of the electricity being as the former, the quantity

given out as the latter ; consequently, regard must be
had in its construction, to the purposes for which it is

designed. For experiments on perfect conductors, very

jarge plates are to be preferred, a small number of
which will probably be sufficient; but where the re-

sistence of imperfect conductors is to be overcome, the

combination must be great, but the size of the plates

must be small. But if quantity and intensity be both
required, then a great number of large plates will be
necessary. For general purposes, four inches square
will be found to be the most convenient size." See
Phil. Trans, for 180y, p. 32.

Mr Children has since constructed a still larger and
more powerful battery, consisting of 20 pairs of copper
and zinc plates, each plate being six feet by two feet

eight inches. It ignited six feet of thick platina wire,

and melted platina with great facility ; it also melted iri-

tlium and osmium. At the suggestion of Dr Wollaston,
a singular fact was ascertained, that a greater length of
thick platina wire was ignited, than of platina wire

of a much smaller size. See Thomson's Annals, ii. 147.
We have given some account of a paper of Erman's,

in which he endea.ours to show, that certain bodies are

what he calls Unipolar, that is, that they are conductors

of one kind of electricity only. Mr Brande conceived,

that tho facts brought forward by Erman, might admit
of a better explanation upon a different principle, viz.

that some chexTiical bodies, being naturally positive, and
others naturally negative, they would be attracted to

the surface of the pile in a contrary state to tlieir own,
the positive to the negative, and the negative to the
positive surface.

In order to submit his opinion to the test of experi-

ment, Mr Brande procured two insulated metallic balls,

one connected with the prime conductor, and the other
with the rubber of an electrical machine ; and placing
between them the different substances inider examina-
tion, he observed to which of the balls they were at-

tracted. He found that the flame of a candle, which
principally consists of carbon and hydrogen, was at-

tracted to the negative ball; wliile the flame of phospho-
rus, which would contain a quantity of phosphoric acid,

was attracted to the positive side. Here the bodies
seemed to follow the known laws of electro-chemical

attraction, according to the idea of their inherent elec-

trical states; and the other experiments which he per-
formed of a similar nature generally tended to the same
conclusion. The facts stated in this p.iper are concei-

ved to be favoiu-able to the hypothesis of Sir H. Davy,
respecting the natural electricities of bodies, and also,

when viewed in connexion with Erman's observations,

to afford an additional proof of the identity of electrici-

ty and galvanism. Sec Phil. Trans, for ISM.
Dr Wollaston has constructed an apparatus, which

he calls an elementary galvanic battery, the object of
which is to exhibit the most minute arrangement of
electrical substances, by which visible ignition can be
produced. The smallest that he has constructed con-
sists of a thimble, without its top, flattened until its sides

were about one-fifth of an inch asunder ; a small plate

of zinc was then contrived to be fixed within the thimble,

but without touching it, and a proper append;tge of
platina wires was added. The zinc plate was less than
three-fourths of an inch square, and even when a very
diluted acid was employed, a platina wire of ^-i^-^ ofan
inch in diameter was readily fused. See Thomson's
Annals, vi. 50Q.

These experiments of Dr Wollaston's are the latest

that have been made on the subject of galvanism, and
will bring down the history of the science to the pre-

sent period.
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Part II. THEORY OF GALVANISM.
Theory. AcconniNO to the plan which was laid down, we

must now proceed to give an account of the theories
and hypotheses that have been formed to explain the
phenomena of galvanism. We have had occasion to al-

ude to many of these in the course of our historical

sketch ; anil the reader will, in some degree, have anti-
cipated our opinion respecting them. The subject di-
vides itself into several branches, partly corresponding
with the progress of our knowledge of the facts that
were gradually developed, and partly depending upon
the supposed relation of galvanism to the other depart-
ments of natural philosophj^.

• .ilvani's In this concise view of the science, we shall not
iijliotiiesiB. thjnk it necessary to enter into the merits of the earlier

Theorjspeculations, that have been superseded by later disco-

veries. Of this nature is the original hypothesis of
Galvani himself, that the convulsions which he obser-

ved in the muscles of frogs, were produced by a new
and peculiar agent, residing in the body, to which he
gave the name of Animal Electricity. Although there

are some few cases which seem to militate against the

supposition, it must, upon the whole, be regarded as

being decisively proved, that all the phenomena which
we stile galvanic, depend merely upon the action of
electricity, modified by the manner in which it is pro-

duced or excited.

Hence arises an interesting question, and one which Wliatiaj

lies at the very foundation of all our future inquiries, vanism ?
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riow does ffalv.inism iliffer from common electricity ?

T\m question may refer both to the nature of the phe-
nomena tliemselvca, and to the means employeil for

their production. We may define galvanism, either l)y

enumeratinf:r the specific characteristics of those events

which we class together under this title ; or we may
show how they have all a reference to each other, from
the similarity of the processes that are employed for

their tlevelopement. The definition that we have given

at the commencement of the article, may be regarded

as sufficiently correct and comprehensive, without ex-

ceeding the limits to which a definition ought to be re-

stricted. It appears to include every action of bodies

upon each other, which is usually considered as belong-

ing to this particular branch of natural philosophy ;

while it exchules those tliat are, by common consent,

referred to a different department. It is, however, in

some cases, difficult to draw the exact line of distinction

between electricity and galvanism, and indeed we may
doubt, whether any precise distinction actually exists.

For as it is conceived, that they both depend ujxm the

same agent, having merely experienced some modifica-

tion in its nature, or mode of action, we must conclude,

that there may be some intermediate or indeterminate
state, which might be referred to one or the other with
almost equal propriety.

To recur then to the former definition : " Galvanism
18 a series of electrical phenomena, in which the electri-

city is developed without the aid of friction, and where
we perceive a chemical action to take place between
some of the bodies employed." This definition may
perhaps be thought to limit the science too much, and
to remove from it many facts, which have always been
regarded as galvanic. For example, a great number of
the original experiments of Galvani himself, and his

immediate contemporaries, where contractions were ex-

cited in the muscles of animals, by the application of
the two metals, many of those of Fowler, and the first

set of Volta's experiments, would, according to this de-

finition, be reduced to the effects of common electricity.

To this objection we may reply, that wherever mois-

ture comes in contact with the zinc, or more oxidable

metal, it is not improbable that some chemical action is

produced, but that it is very slight, and has therefore

not been noticed. If, however, upon a strict examina-
tion, it is found not to be the case, and that there is ac-

tually no change in the cliemical condition of any part

of the apparatus, it must be admitted, that, according to

our present ideas, the phenomena are not to be referred

to galvanism. The first unequivocal experiments where
the chemical effects were observed, and were connected
with the electrical condition of the substances, are those

of Fabroni's ; and it was not until Volta's discovery of
the pile, that we were put in possession of a method by
which we were enabled to examine, with any degree of
accuracy, the relation between these two actions. Even
if we find it necessary to conclude that Galvani, al-

though he had the good fortune to have his name asso-

ciated with a new department of science, did not wit-

ness any of the facts to which we now apply the term,
the contradiction will be more apparent tlian real ; and
we must not permit the mere circumstance of tiaines to

influence our opinion respecting the essential nature of
things. The present state of our knowledge seems,
however, to warrant the conjecture, that the action of
the two metals on the parts of animals, is strictly gal-
vanic, i. e. accompanied by a chemical action on the
metals and the iluids, so as to reduce it within the li-

mits of tiie proposed definition.

Waving, however, the farther discussion of this point,

which indeed can only be decided by experiment, we
must recur to tlie question already stated, respecting

the essential difference between galvanism and common
electricity ; and, conceiving it to be ascertained, that

in the production of the former, a chemical action takes

jjlace, which is not necessary in the latter, we must
next inquire, in what way this chemical change of the

substances iniparts to the electricity that particular state

or modification which we style galvanic. With respect

to the nature of this chemical change, experimentalists

are generally agreed : as to the metals, it consists in

the oxitlation of that metal which possesses the strongest

attraction for oxygen ; and with respect to the fluid in-

terposed between the metals, it consists in its decom-
position, the oxygenous part being attracted to the most
oxidable metal, and the alkaline to that which is the
least oxidable. Although, as we have already had oc-

casion to remark, there are various galvanic combina-
tions, into which only one metal enters, or even some
entirely without metals, yet, as the most powerful and
complete circle is that which consists of two metals with
a fluid interposed, we shall confine our illustrations to

this form of the apparatus.

We may consider it as proved by a number of ex-

periments, which have been stated in the first part of
this article, that the electricity, as it is evolved by the

different galvanic combinations, always exists in what
has been styled a state of low intensity ; and that, to

whatever extent we increase the apparatus, and how-
ever powerfully it acts, still the intensity is but little

augmented. Unfortunately it is still a doubtful point

of theory, upon what the intensity of electricity de-

pends, or in what it precisely consists. Some writers

have ascribed it to a greater or less concentration of the

fluid ; some to a difference in the velocity of its motion,

or in the strength of its affinity for the surrounding
bodies ; and others to its containing a greater or less

portion of caloria For the present, we must rest sa-

tisfied with admitting the fact of the low intensity, as

manifested by the phenomena, without being able to

explain its cause ; and we may next proceed to inquire,

whether there be any circmustances in the different me-
thods of exciting or producing electricity, by the ma-
chine or the pile respectively, which shc»dd cause the

first to develope the fluid in a higher, and the latter in

a lower state of intensity.

And here, it must be confessed, we have little to

direct our inquiries but conjecture and uncertain ana-

logy. Of these, however, as being our only guides,

we must make the best use that lies in our power. It

is generally agreed, that all bodies possess a certain

quantity of electricity, which is said to be natural to

them, and which, while it remains undisturbed, mani-
fests no indications of its existence. There are many
processes which alter the state of this natural electri-

city, by which it is extricated from one botly, and may
be transferred to others in the neighbourhood. But
tliis additional portion, being more than their natural

share, seems to be retained by them with difficulty, and
is ready to fly off in all directions, in order to restore

the equilibrium. Tliis may be considered as descrip-

tive of what occurs in the operation of the common elec-

trical machine, where, by the friction of the rubber
against the cylinder, a portion of tlie electric fluid is

carried off from one or both of them, and is transfer-

red to the conductor. From the conductor it may be
communicated to a variety of other bodies that are

placed within the sphere of its influence ; but, ia all
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these cases, it is retained by them for a certain space of

time only, and is continually passing off, more or less

rapidly, to all the surrounding bodies.

But besides this temporary transfer from one body to

another, without their undergoing any farther altera-

tion, they occasionally experience a more permanent
change in their electrical state, when, in consequence

of their acquiring different physical and chemical pro-

perties, their capacity for electricity is entirely altered.

When their capacity is diminished, a more gradual,

but more continued discharge of the electric fluid takes

place ; and in this appears to consist the essential action

of the pile, as contrasted with that of the machine. In

the action of the machine, by which the electric fluid

is set at liberty, and transferred from one body to ano-

ther, no change appears to take place in the substances

employed, except the alteration in their respective

quantities of electricity. Their attraction for it is nei-

ther increased nor diminished ; and, consequently, they
have a tendency, the one to lose, and the other to ac-

quire, the electricity which has been thus, as it were,

forced into the one, and out of the other. According
to the nature of the action by which the electricity is

evolved, whether the substances experience any per-

manent change in their capacity, or whether their equi-

librium is merely disturbed in a temporary manner, the

state of the fluid appears to be affected, so as to cause a
difference in its intensity.

When we employ the machine, the electricity that

we procure appears to be in a highly elastic state, its

particles strongly repulsive of each other, and at the

same time not disposed to enter into a permanent union
with other bodies. The galvanic electricity which we
procure from the pile, is more readily united to other
bodies, and has a tendency to form new combinations
with them, which is so powerful as to counteract some
of the strongest chemical affinities. At the same time,

it exhibits less of what may be called mechanical ac-

tion : its particles are less repulsive of each other ; its

tnotions appear less rapid ; it causes less commotion in
its passage from one body to another ; and although its

ultimate effects are more powerful, it seems to act with
less violence. The one may be compared to a small
quantity of an agent highly concentrated ; the other to
a larger quantity, but in a state of greater dilution. The
phenomena of electricity, as excited by the common
machine, depend upon the attraction and repulsion of
the electric fluid, and its passage from one body to ano-
ther ; while the most important actions of galvanic elec-

tricity result from the chemical changes that it produces
in the composition of bodies. The excitation of com-
mon electricity is not necessarily attended with any
permanent alteration in the state of the substances that
are employed in producing it. It is usually developed
by the mechanical aid of friction, and the same appa-
ratus may continue to be employed for an indefinite
length of time. Friction, on the contrary, has no ef-
fect in the production of galvanic electricity ; it requires
a chemical change in some part of the apparatus ; and
the individual parts which have been employed in ge-
nerating it acquire new properties, and are incapable
of any farther galvanic action.

Afler these general observations, which, scanty and
inconclusive as they are, appear to be all that our pre-
sent knowledge upon the subject will warrant, we must
proceed to examine more minutely into the nature of
the action that is exercised by the galvanic apparatus.
From the remarks that have been already made, it will
be obvious, that in the operation of the pile, there are

both electrical and chemical phenomena produced ; and
it has been a point very warmly contended, which of

these is the most essential, or rather which of them is

the primary effect, and, consequently, is to be consi-

dered as the cause of the other, and of the whole train

of actions. Volta, and most of the continental philo-

sophers, support the electrical hypothesis ; while there

are several distinguished experimentalists in this country
who maintain, that the chemical action is the one which
gives rise to all tlie changes that are produced, and there*

fore constitutes the primary action of the instrument.

In all the experiments that were performed with the

two metals, previous to the discovery of the pile, with
the exception of those of Fabroni, which seem to have
been but little attended to, the only point in discussion

was, whether the effects were to be referred to the elec-

tric fluid, or to a new agent inherent in the animal
body. Volta strenuously adopted the opinion, that

they depended simply upon common electricity, and
accounted for tliera by supposing, that the contact of
the two metals had the power of altering the quantity

of electricity which was natural to them, adding a por-

tion of it to the one, and subtracting it from the other

respectively. To this power he gave the title of elec-

tro-motion ; and he spoke of it as a new property,

which had not been before noticed, and distinctly claim-

ed to himself the merit of its discovery. He conceived

that he might increase the power of the instrument, or

rather concentrate the effect of a number of separate

pairs of metal, by interposing between each p.iir a con-

ducting substance, which, without altering the electric

state of the metals, might increase the effect, by trans-

mitting it through a number of successive stages. What-
ever we may think of the hypothesis, the experiment

to which it gave rise was most fortunate ; for it led to

the construction of the pile ; an apparatus by means of
which the most curious and important discoveries have
been made in the different departments of natural phi-

losophy.

Although Volta completed the discovery of the pile,

and fully ascertained its action on the animal body, yet

it is not a little remarkable, that he limited his inqui-

ries to this object, and seems to have been totally ig-

norant of the faither powers of the instrument of which
he was possessed. This circumstance must appear the

more remarkable, when we recollect that upon the

very first employment of it by Messrs Nicholson and
Carlisle, they perceived its chemical action, and became
aware of its importance as an agent in the decomposi-
tion of bodies. Cruickshanks, Uavy, Wollaston, Hen*
ry, and the other English philosophers, farther deve«
loped its powers in this respect, which had so com-
pletely escaped the notice of Volta, and they were con-

sequently led to form a different idea of the mode of its

operation. Dr Wollaston seems to have been the first

who decidedly adopted the opinion, that the chemical

action of the pile is the primary origin of all the

changes which it experiences, and is the cause of the

electrical eflects ; and the same idea was embraced by
Sir H. Davy, although he has since abandoned it fiir

the hypothesis of electric energies.

We must now proceed to examine the two leading

theories of the galvanic action, as exhibited in the pile,

with more minuteness ; and we shall begin with that

of Volta' s, or the one which supposes a change m the

electrical condition of the metals to be the primary cause

of its operation. This philosopher has given a state-

ment of his opinions on the subject, in several letters

wtiicb he wrote to his friends, and which have been
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ory. published in different scientific journals. His first com-
1^—' niunication was in a letter to Cavallo ; the second to

Gren, (P/iil. Trans. \19:i ; Ann. de Cliim. xxiii. S276.) :

both written before his discovery of the pile. His ori-

ginal account of tliis apparatus is contained in a letter

to Sir Joseph Banks, in which he explains his ideas re-

specting its action ; and he afterwards fiuther develo-

ped thein in letters to Delamttherie and to Van Maruin,

(Phil. Trans. 1800/ Nicholson's yowr/ia/, 8vo, i. J35;

Ann. de C.liim. xl. ^25.) In some of these papers, Volta

details liis hypothesib at considerable length ; yet, after

an attentive examination of them, it appears to us tliat

they are not altogether consistent witJi each other ;

and that, without any intimation of the circumstance,

he has, in fact, given to the world two distinct hypo-

theses.

The letter written to Cavallo, of which we have al-

ready given some account, is Volta's first essay on the

subject of galvanism, and contains an account of Gal-

vani's original discovery, and of the additional experi-

ments which he had himself performed by the combi-

nation of the two metals. He accounts for all the facts

»n the principle, that when metals are placed in cer-

tain circumstances with respect to each other, there is

" a destruction of the equilibrium" of the electricity.

This action is stated to consist essentially in two me-
tals, when placed in contact, giving the one to the

other a portion of its natural electricity, so that the

one becomes positive and the other negative. Some
combinations of metals possess this electro-motive fa-

culty much more powerfully than others ; those that

Galvani and Volta originally employed were zinc and
silver ; and in this case the zinc acquired the electrici-

ty and became positive, while the silver lost electrici-

ty or became negative. In this paper no other prin-

ciple is referred to, and the action is not spoken of as

belonging to any class of bodies except the metals.

V^olta speaks of the principle as a new law of electrici-

ty, which had not been before noticed, and decidedly

claims to himself the discovery of it.

In the letter to Delametherie, written after the dis-

covery of the pile, V^olta still farther developes his hy-
i pothesis, but without altering the ground on which it

rests. He describes each pair of metals as the efficient

part of the apparatus, and speaks of the fluid that is in-

terposed between them, as merely carrying the electri-

city from one pair to another, without producing any
change in it. In his letter to Van Marum, he relates

the following fundamental experiment, as it is called :

A plate of copper and a plate of zinc are placed in con-

tact with each other, but so that a part of each plate

projects beyond the other ; and he finds, that of the

parts which thus project, one becomes positive and the
other negative. So far all these opinions appear to be
consistent with each other ; but in the letter written to

Gren, an idea is brought forward, which is not noticed
in the other essays, and which seems to be essentially

different from them. All conductors of electricity are
divided into two classes, the dry and the moist ; and
electricity is supposed to be always excited, when two
conductors of either of these classes ai-e placed in con-
tact with one conductor of the other class. In this

Way one metal only would appear to be sufficient for

a galvanic combination, provideil there be two moist
conductors in contact with it. How the fluids act in
this case, or what relation they bear to each other and
to the metal, we are not exactly informed ; but we may
conclude, that it i» not irom any chemical operation,

VOL. X. FAAX I.

because in the letter to Delametherie, written four Theory.

years after that to Gren, it is expressly said, that the '^"'Y""^

fluids have no effect but in transferring the electricity

from one metal to another.

Upon the whole we may conclude, that Volta con- General

ceives the electricity to be excited by the metals pro view of tlie

ducing a degree of electro-motion, or by destroying the ^^" j,^

'"

natural equilibrium of the. electricity ; one metal thu4 ^
becoming positive and tlie other negative, they each of

them exhibit signs of electricity to an electrometer or

other similar instrument. The only use of the fluid is

to transfer tlie electricity which is excited by one pair

of metals to the next pair; and although a chemical ac-

tion may take place between the fluid and the metal,

this action is merely incidental, and is not essential to

the production of the galvanic effects.

The objections to Volta's hypothesis are very forcible ; objection*

in the first place, it does not appear that the chemical to iu

effects of the pile are, as he supposes, merely inciden-

tal. They seem, indeed, absolutely essential to its ac-

tion, for when perfectly pure water is interposed be-

tween the metals, or when the apparatus is placed in

any situation, where it is excluded from obtaining a

supply of oxygen, it ceases to act. The same thing

happens when the acid, or other oxidating fluid, is all

expended; and in short it may be stated, that whatever

promotes the action of the fluid upon one of the metals

increases the energy of the instrument, and whatever-

tends to prevent or destroy this action suspends the

energy. It has been urged as an objection to Volta's

hypothesis, that it does not provide for any absolute

increase of the electric power. The two metals, by their

contact, become one positive and the other negative,

and this is equally the case with each pair ; but the

fluid that is interposed between tlie metals is conceived

to restore the equilibrium of the electricity, which has-

been disturbed by the metals. This is the whole effect

of the apparatus, and we are not informed how any
electricity can be actually produced or generated, as it

would appear that the nature of the instrument is to

cause an electric action in one part, which must be
immediately counteracted by another part. Whatever
deficiency of electricity there wa.s in any copper-plate

would be instantly supplied by the water communica-
ting the superabundant electricity of the opposite zinc

plate, 80 tliat the effect of the whole would be reduced-

simply to the difference between the two extreme plates

of copper and zinc. A third, and perhaps a still stronger

argument against the electric hypothesis, is, that the

fundamental position on which it rests, is itself objec-

tionable. Volta supposes that two metals, as for ex-

ample, a plate of zinc .-md one of copper, when placed

in extensive contact with each other, may become re-

spectively positive and negative. This he endeavours

to prove by tlirect experiment; but it will be found that

in none of the cases is the experiment precisely in

point. He adduces some facts, where metals were
found respectively positive and negative, that had been

in contact, but were afterwards separated : in one of his

experiments the metals never actually touched, but

were connected by a moist conductor; and in the ex-

periment which we have related above, it was only the

projecting parts of the plates that could be made to ex-

hibit the opposite electric states. And here we may be
allowed to entertain some doubt respecting the accu-

racy of the fact ; it is evidently an experiment of a
most delicate nature, and Mr Cuthbertson, who at-

tempted to repeat it, obtained results contrary to those

M
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(Nicholson's Jour)i. 8vo. ii. 281.) In

the experiments of Bennet and Cavallo, where electri-

city was induced upon metallic bodies by contact, it is

to be observed, that they were no longer in contact

when thej' manifested signs of cleetrifity, and it ap-

pears not easy to conceive how two metals can be m
extensive contact, without communicating their elec-

tricity to each other, so as to acquire precisely the same

state. The experhuents of De Luc, on the dissection

of the pile, seem to be strongly adverse to the electric

hypothesis. In the second distribution of the ternary

groups, tlie two metals are in contact, and therefore

any electrical effect might be produced, which would

arise from this circumstance ; there was also the fluid

between them, which would serve as a conductor of

electricity, yet because the apparatus was so arranged

that this fluid coidd not act upon the zinc and oxidate

it, no proper galvanic effect ensued.

As we have already remarked, Dr Wollaston was the

first who decidedly pronounced the chemical action of

the pile to be the primary cause of its effects ; but in

establishing this point, he did not proceed to explain the

nature of the operation, or show what was the train of

events which contributed to the final result. This was
attempted by Mr Cuthbertson, who, in the essay to

which we referred above, after pointing out the inac-

curacy of the experiments that were brought forward

by Volta in favour of the electric hypothesis, offers

some observations in support of the contrary opinion.

He conceives that the chemical action of the interposed

fluid upon the zinc, alters the electric properties of the

metal, and disposes it to part with electricity ; that this

evolved electricity cannot enter into the remainder of

the zinc which has not been acted upon, because it re-

tains its former electric state, but that it is " propelled

forwards from the zinc, through the menstruum, to the

next adjoining copper in the pile or trough. This ef-

fect, however, can only happen in a progressive man-
ner, because the fluid is but an imperfect conductor ;

and to this he ascribes many of the peculiar phenomena
of the apparatus. Dr Henry, in a judicious essay " On
the Theories of the Excitement of Galvanic Electricity,"

[Manchcutcr Mem. ii. 293, 2dSeries), observes, that "the
explanation of Mr Cuthbertson is unequivocally a valu-

able supplement to the theory of Volta, inasmuch as it

takes into account the efiiciency of chemical menstrua."
But, as he farther remarks, it is defective, because it

does not explain why " the action of the menstruum
is chiefly, if not entirely, exerted in oxidizing and
dissolving the zinc })lates, and why the evolution of
Iiydrogen gas, or of nitrous gas, occurs chiefly at

W.>stocV's tli^ copper surface." This deficiency was attempted to

tiyiMthesis. bc supplied by Dr Bostock, who, about the same time,
published an essay on the action of the galvanic pile,

which he has since considerably extended and modified
in such a manner, as to accord with the recent disco-

veries. (Nich. Joiini. iii. 8vo. <}. and 69. Thomson's
Annnh, iii. 32. )—He proceeds upon the principle which
was laid down by Dr Wollaston, that electricity is evol-

ved by the oxid-ition of metils; and generalizes it so far

as to conclude, i,hat the electric fluid is always libera-

ted when an oxidable substance is united to oxygen.
In adtlition to this principle, he proposes to admit the
two following postulates, that the electric fluid has a
>trong attraction for hydrogen, and that when in passing
through a chain of conductors, it leaves the oxidable
?ubstimce to be conveyed through water, it combines
»vitli the hydrogen, and is again disengaged from it,

whcne\ er it again enters into an oxidable substance.

We shall quote the account which Dr'Henfy gives of Tiieorv.

this hypothesis, as it appears to afford a correct, and ''""•'Y*"

at the same time a concise view of it.

" To the efficiency of the pile, two circumstances are Henry'.s ac

essential; that the electric fluid should be disengaged, count of it,

and that it be confined and carried forward in one di- p, ^.^^

rection, so as to be cencentrated at the end of the ap- ciil.xill

paratus. The first object is fulfilled by the oxidize- Fig. 21.

ment of the zinc ; the second, as Dr Bostock supposes,

is effected by the union of the evolved electricity with
nascent hydrogen, and by the attraction of the next
copperplate for electricity. At the surface of this plate,

the hydrogen and electricity are supposed to separate

;

the hydrogen to be disengaged in the state of gas, and
the electricity to be conveyed onwards to the next zinc

plate. Here, being in some degree accumulated, it is

extricated in larger quantity, and in a more concen-
trated form, than before. By a repetition of the same
train of operations, the electric fluid continues to ac-

cumulate in each successive pair ; until, by a sufficient

extension of the arrangement, it may be made to exist

at the zinc end of the pile, in any assignable degree of
force." For a farther account of this hypothesis, we
must refer our readers to the original essay, and more
especially to that part of it where the autlior explains

the action of the interrupted circuit in the decomposi-
tion of water, and the evolution of tlie gases at the ex-

tremities of the two wires : (Thomson's .^;/H. iii. 88.)
It must be admitted that it satisfactorily explains the
phenomena, and that it accords with all the facts that

have hitherto been discovered, but it labours under the

great objection of being founded upon a gratuitous sup-
position, of which there is no proof, except the facility

with which it explains the appearances.

Vl'e think that part of the difficulty which has oc- The pile

curred in forming a theory of the pile, lias arisen from both an

our not clearly discriminating between its eflects in f'cctiical

exciting common electricity, and that modification of it "'^^'

S'^'J*"

which is called galvanism. We have endeavoured to menu
point out in what respect these two actions difler fron*

each other; and, imperfect as our knowledge is con-

cerning the cause, we conceive that there is an obvious
difference in the effect. Now, it appears to us, that the

pile, as it is usually constructed, is both an electrical

and a galvanic instrument ; and that when we attempt

to form a tlieory of its action, we have two distinct

sets of phenomena to explain. The power of produ-
cing musadar contraction is an electrical effect, that of
decomposing chemical bodies a galvanic effect ; while

that of burning metallic leaves, or igniting wires, pro-

bably partakes of both these actions. That the electric

and galvanic effects of the pile bear no proportion to

each other, that one may exist in a great degree while

the other is scarcely apparent, is rendered evident from
the experiments of Mr Singer. In examining the power sinijcr's!

of different kinds of fluids interposed between the periraen

plates, he observed, tliat although soine of the effects

were rendered more powerful by employing a solution

of salt, yet the electrometer was not more effected than

with simple water. He even asserts, that in many
trials on a very extensive scale, for example, with 1000
pairs of metals, he has " found the electrical effects

greatest when the chemical eflTects have been least.'*

He relates other facts of a similar kind, which appear
to place this matter beyond all doubt, and to establish'

a decisive difference between these two operations of
the instrument. See Singer's Elem. p. ."JSO.

M. De Luc's experiments confirm and illustrate this Dc I.ut

view of the subject; for they not onlv show this want «T'"-
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of proportion between the two effectR, but they enable

us to separate them from each other. In his second

dissectioi) of the pile, we have a powerful electrical in-

struinent, but one which docs not produce galvanic

effects ; anil the panic may be said of his electric co-

lumn, which exhibits none of the phenomena that we
exclusively refer to palvaniam. On the contrary, some

of those combinations which have been made by Mr
Children, and other experimentalists, where a few

large plates were employed, and where n diluted acid

was interposed between them, may be considered as

precisely the reverse of I)e Luc's column. Here very

slight marks of common electricity wcie manifested,

while the most powedid galvanic effects were prodii-

ce<l.

Our general conclusion on the subject is, that part

of the eflccts, usually proceeding from the pile, are

purely electrical., and do not, in any degree, depend

upon a chemical change in the state of the metals. We
conceive it to be a doubtful point in what way this

electrical action is induced, because, for the reasons

which we have already given, we do not think that the

experiments of Volta, and the others that have been

supposed to coincide with them, are applicable to the

state of things as they exist in the pile ; nor do we
think that if we were to admit them, they would ac-

count for the continued evolution of fresh portions of

electricity ; or that they would explain, why the dis-

turbance of the electric fluid, or the electro-motion, as

it is stiled, is not counteracted by the conductors that

are connected with the metals. As to the proper gal-

vanic effects of the pile, we consider them to be always

immediately caused by the chemicd action of the fluid

upon the rnetals ; and that, in proportion to the extent

of this action, as depending upon the quantity of sur-

face exposed, or the nature of the fluid employed, we
obtain the evolution of electricity in greater or less

quantity, and in a more or less intense state. Our
readers will perceive, from these observations, that we
are, upon the whole, advocates for the chemical hypo-

thesis ; but at the same time that wc attach ourselves

to this doctrine, we do it with the restriction already

•referred to. If we conceive that the proper galvanic

phenomena depend upon the chemical changes, we also

admit, that there are electrical effects produced by the

pile, independent of the others, and unconnected with

tliem.

The great discoveries that have been made by Sir

H. Davy, in his application of galvanism to chemical

decomposition, and the importance which must attach

to all his opinions upon the subject, induce us to in-

quire, what view he takes of the question that we have

now been discussing. We have already related the

exporiments which lie performed on the chemical ac-

tion of the pile ; and it appears that he formerly con-

sidered it as the primary cause of the phenou-.ena. This

opinion, however, he afterwards retracted, and adojit-

ed an hypothesis which he conceived might reconcile

the doctrine of Volta with the experiments of the Kng-
lish chemists. He supjjoses, that both electrical and
chemical actions are necessarily concerned in the pro-

duction of the effect ; that the former are the first in

order of time, and that their tendency is to disturb

the electric equilibrium of the different parts of the ap-

paratus, while the chemical changes operate in resto-

ring this equilibrium. In the farther detail of the hy-
pothesis we shall employ the author's own words. " In
the voltaic pile of zinc, copper, and solution of muriate

of soda, in what has been called its condition of elec-

trical tension, the communicating i)late« of copper and Theory.

7inc are in o)>posite electrical states. And with regard ""^"y"^

to electricities of such very low intensity, water is an
insulating body ; every copper plate, consequently, pro-
duces by induction an increase of positive electricity

upon the opposite zinc plate, and every zinc pjate an
increase of negative electricity on the oppasite copper
plate ; and the intensity increases with the number, and
the quantity with the extent of the series."

" When a communication is made between the two
extreme points, the opposite electricities tend to anni.
hilate each other ; and if the fluid medium could be a
substance incapable of decomposition, the equilibrium,
there is every reason to believe, would be restored, and
the motion of the electricity cease. But solution of
muriate of soda being composed of two series of ele-

ments, possessing opposite electrical energies, the oxy-
gen and acid are attracted by the zinc, and the hydro-
gen and alkali by the cojiper. I'he balance of power
is momentarj' only ; for solution of zinc is formed, and
the hydrogen is disengaged. The negative energy of
the copper, and the positive energy of the zinc, are
consequently again exerted, enfeebled only by the op-
posing energy of the soda in contact with the copper

;

and the process of electro-motion continues, as long as

the chemical changes are capable of being carried on."

See Phil. Trans, for 1807, vol. xlv.

This hypothesis agrees with that of Volta, in ascri-

bing the train of actions to the electric condition of the
metals, yet it differs from it in many essential points.

It supposes the chemical decomposition of the interpo-

sed fluid to be a necessary, although not the first step
in the process. The conducting power of the fluid is,

in both cases, taken into account, j'et it is regarded in

an opposite point of view. According to Volta, the bet-
ter is the conducting fluid, the more energetic is the
action of the pile ; while the hypothesis of Sir H. Davy
seems to require the fluid to possess almost a nun-con-
ducting property.

Some of the late speculations of this illustrious che-
mist have led him to deviate still farther from the or-
dinary hypothesis, not only as it respects galvanism, but
electricity in general. Those effects, which were for-

merly attributed to a material agent, capable of being
added to, or subtracted from a body at pleasure, are
now conceived, like gravitation, to be inherent qualities

of matter. To these, which are called electric energies,

all chemical decompositions are to be ultimately refer-

retl ; for it is supposed, that chemical atti'action, in all

cases, results from the circumstance of two bodies pos-
sessing opposite electric energies, and conseqiiently ha-
ving a strong tendency to unite. By means of the gal-
vanic combinations, we have it in our power to excite
the electric state of a body to an indefinite degree, and
to induce an electricity contrary to that which is natural

to it. But the farther consideration of the merits of
this theorj', belong rather to electricity than to galva-
nism strictly so called. To whatever cause wc ascribe

the electric state of bodies, whether to a material agent
distributed through them in diflfierent quantities, or to
some affection of their primary qualities, the states of
positive and negative electricity actually exist, and our
present business is merely to inquire, what relation

they bear to the phenomena of the galvanic pile.

M. De Luc advances an argument, which he con- l
ccives to be quite decisive, against the hypothesis of objcctioirs.

the natural electric energies of bodies producing the
phenomena of the pile, that the whole instrument may
be rendered either positive or negative, by connecting

Electric

energies.

Dc Liu's
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it with the conductor or rubber of the electrical ma-
chine; and yet its operation is not in any degree affected.

He also contrived an apparatus, in which therewere three

vires placed between the extremities of the pile, two

of them connected with the ends of the pile, and the

third in the centre ; the wires having water interposed

between them, and electrometers so situated, as to as-

certain the electric condition of the wires. In the or-

dinary state of the apparatus, the terminating wires were

one positive and the other negative, corresponding to the

ends of the pile to which they were attached, while the

central wire was neutral ; yet the ends of this neutral

wire produced opposite electrical effects, one separating

oxygen, and the other hydrogen. By altering the ap-

paratus, the electrical state of the wires were altered ;

the central wire was rendered at one time positive, and
aflerwards negative, and the state of the terminating

wires was reversed ; yet no change took place in the

chemical action of the wires, each of them continuing

to evolve oxygen and hydrogen as at first, and the two
ends of the central wire separating oxygen and hydro*

gen respectively at its extremities, in the same man-
ner, wliether the wire itself was positive, negative, or

neutral. See Nicholson's Journ. xxvi.

Mr Singer has proposed an objection to Sir H. Davy's

hypothesis, very similar to this of M. De Luc's. If a

number of metallic wires are placed hi a line, with their

extremities immersed in a fluid, and the whole con-

nected with the pile, each wire will evolve oxygen at

one end, and hydrogen at the other. Now, he con-

ceives it impossible that every wire can have an oppo-

site electricity at its two extremities, when it is sur-

rounded by a conducting fluid ; for no metallic body
can be made polar, i. e. one end positive and the other

negative, but by the temporary disturbance of the equi-

librium of its natural electricity ; an event which can

only happen when they are separated by a non-con-
ducting substance. But he observes, " No one can
maintain, that water, or any saline fluid or acid mix-
ture, is a non-conductor, either of the chemical or elec-

trical effects of the voltaic apparatus ; yet the usual che-

mical changes produced by voltaic electricity occur at

every interruption of the metallic circuit in such fluids."

See Singer's Elem. p. 376.

There appears to us to be considerable weight in

these objections ; and we confess, that the ideas of Sir

H. Davy produce a shock to our usual associations on
the subject of electricity, which it is not easy to over-

come. However, as we have already remarked, it

would be foreign to the object of this article to pursue
the discussion any farther ; nor do we conceive, that

we are at present in possession of sufficient facts to

warrant us in coming to any definite conclusion re-

specting it

We shall here conclude our account of the theory of
galvanism. Our readers will perceive, that much dis-

cordance of opinion still exists upon the subject, and
that some strong objections attach to every hypothesis
which has yet been proposed. The most important
points to ascertain are, the difference between electri-

city, as excited by the friction of the common machine,
and that modification of it which is strictly called gal-
vanism. For this purpose, the nature of electric in-
tensity should be farther investigated ; for it would ap-
pear that if we were able to attach a more precise idea
to this term, a considerable insight would be gained
into the cause of this difference. Experiments some-

1

Theorywhat similar to those of M. De Luc should be prose-

cuted, in which the electrical and chemical effects of
the pile are separated from each other, and a more ac-

curate measure of the proper galvanic power should, if

possible, be obtained, than aiiy of which we are now
possessed. The conducting power of the fluids con-

cerned in the galvanic apparatus should be carefully

examined, and the relation of their chemical action to

their conducting power should be ascertained. But it

is unnecessary for us to enlarge upon these topics : the
rapid succession of discoveries which have been made
in this department of science, and the very general at-

tention which it has obtained from the first philoso-

phers of the age, afford every reason to expect, tliat the
farther investigation of it will be followed by no less

success, than that which has hitherto attended its pro«

gress.

Description of the Figures in Plate CCLXIII.

Fig. 1 . The galvanic pile, as originally constructed by
Volta, where the letters C, Z, and F denote the plates

of copper and zinc, and the pieces of cloth or paste-

board soaked in fluid. The pile has four rods placed

round it, to keep it in the perpendicular direction. The
lower end was called the copper, and the upper the
zinc end.

Fig. 2. When the number of plates is very consider-

able, Volta divides it into two or more parts, each be-

ing connected by slips of metal. In this case, it is es-

sential that the same order of parts be observed from
one end to the other, up the first pile, down the se-

cond, up the third, and, lastly, down the fourth.

Fig. 3. This was a modification of the galvanic ap-

pai-atus that was formed by Volta, which he called ecu-

ronne des tosses, where the zinc plates Z and copper
plates C are not in contact, but are connected by metal-

lic rods, and then immersed in a fluid.

Fig. 4. represents the trough apparatus invented by
Mr Cruickshanks ; the plates of zinc and copper are sol-

dered together, and are then cemented into a wooden
frame, leaving intervals between the double plates, to

receive the fluid which is intended to act upon the zinc.

It is provided with wires at each end, which are in op-
posite states of electricity, and may be applied to any
substance which it is proposed to subject to its influ-

ence.

Fig. 5. represents the battery of Mr Children, which Fig. S.

is a combination of the couronne des tasses of Volta and
the trough of Cruickshanks. The plates are not in

contact, but each pair is connected by slips of metal,

and the whole is attached to a beam, so as to be lifted

out of the cells at pleasure. The trough and partitions

may be formed of either wood or earthen ware, and
contain the fluid that is to act on the zinc plates.

Fig. 6. is the apparatus for receiving in separate ves- Fig. 6.

sels the gases which are evolved by the action of gal-

vanism upon water. The two small jars have metal-

lic wires inserted at their upper end, one of which is

connected with the positive, and the other with the

negative extremity of the pile. They are filled with
water and inverted in the same fluid ; and the ends of
the wires are so situated, that the gas disengaged from
them rises to the top of the jar.

Fig. 7. represents the apparatus in which the gases Kig. 7.

disengaged from water may be reconverted into water
by the electric spark.

Fig. 8. are the agate cups, connected by amianthus, Fig. 8.

Plate
COLxrii
Kig. 1.

Fig. 2.

Fig. 3.

Fig.*.
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citiploywl by Sir H. Davy in the decomposition of wa-

ter ; and Fig. D. are the gold cones employed in tlie

same set of experiments.

Fig. 1 0. represents the apparatus which Sir H. Davy
employed for the decomposition of salts, and the trans-

fer of their constituents. In Fig. 1 1. we have the com-

bination of three vessels, in which the transfer is exhi-

bitetl in a more striiting manner.

Fig. 12. represents the apparatus for Uiking the gal-

vanic spark in ga.ses : it consists of a graduated glass

tube, into which two wires are introduced, the one

which enters at the side being moveable, and capable

of being approachetl to the other ; according to circum-

stances, they may be tipped with pieces of charcoal, or

the wire may be bare.

Fig. 13. is a variation in the form, which may be em-
ployed over mercury. These instruments were invent-

ed by Sir H. Davy.

Figs. 15, 16, 17, 18. The dissected pile employetl by
De Luc, to illustrate the mode of its action. The
shaded part represents the moistened cloths, and the

letters C and Z the copper and zinc plates respectively.

In Fig. 15. the pile is continuous, m its usual form

;

Fig. 16. is the first dissection. Fig. 17. the second, and
Fig. 18. the third. Fig. I*, is one of the wire stands

that are interposed between the plates.

Fig. 19. represents the apparatus of M. De Luc: it

consists of two piles connected by a metallic rod at the

bottom ; between the upper ends is interposed the in-

terrupted wires terminating in water, and to each ex-

tremity one of Bennet's electrometers is applied.

Fig. 20. represents the lower limbs of a frog, lying

on a plate of metal, while another kind of metal is

placed in contact with the spinal marrow ; these two
metals are then connected by a conducting body, and
the muscles of the legs are thrown into convulsions.

Fig. 21 . is Dr Bostock's numerical illustration of the DiMoiption

effect of the pile; the letters point out the nature of p*?^^
the substances, and the figures indicate the increaiie of ._, ^

.^i

power which the electricity acquires by passing along Plate
the instrument. See Thomson's Annals, lii. 86. CCLXllI.

Fig. 22. is an experiment of Mr Singer's, which is H'g- 11-

supposed to disprove the hypothesis of electric energies. '"B- **•

In this apparatus, each wire will have its ends in the

opposite states of electricity, one positive and the other

negative.

Besides the references that we have made in the course
,

of the article, the following works and papers deserve

to be notic-ed, either as presenting an interesting view of

the gradual progress of the science, or as containing an

abstract of the hypotheses that have prevailed at diffe-

rent times.

Pfaff's Dissertation on Animal Electricity, 1793.

Monro On Animal Electricity, 1793.

Cavallo On Electricity, vol. liL 1795.

Halle's report to the French Institute, Journ. Phys.

t. 47. 1798.

Cuvier's report, Journ. Phys. 52. ISOl.

Hachette's report, Journ. Polytechnique, 4. 1801.

Report to the French Institute, Ann. de Chim. 41.

1802.

Reports made by Delamatherie in several volumes of
his Journ. 41, 46, 48, 50.

Sue's History of Galvanism, 1803.

Cuthbertson's Practical Electricity, 1807.

Carpue's Introduction to Electricity and Galvanism,

1807.
Conversations on Chemistry, 5th conversation.

Some good remarks on galvanism occur in Thomson's
History of the Royal Society, in Murray's System, and
in his Elements of Chemistry. («)
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Calway. GALWAY, a maritime county of Ireland, in the

'""^T^ province of Connaiight. It is bounded on the north
by Mayo and Roscommon ; on the east by Tipperary
and King's County; on the south by Clare; and on
the west by the Atlantic ocean. Its aspect is various,

some parts of it being almost in a state of nature, and
other parts of it fertile and cultivated. The western
district is rocky and mountainous ; the eastern district

is flat with the exception of some low mountains on the
borders of Clare. The soil here is warm and fertile,

and capable of considerable imjjrovement. The sub-
stratum being limestone, the verdure is almost every
where exceedingly luxuriant. The best land in the
county is situated between Mount Talbot and Portumna,
and along by Ballyroan and Kilconneltenagh. That
which stands next in quality, extends from Athenry to
the town of Galway. It is not arable on account of its

rocky nature, but produces excellent pasturage for
.<.heep. The third division in point of quality, lies in
the neighbourhood of Monadee, affording very coarse
grass, mixed with heath. The fourth comprehends
Conamara and Joyce's land, and is quite destitute of
cultivation.

Agriculture is in a very backward state. Indeed, al-
most the whole country is appropriated to grass. In
some places, however, they raise wheat, barley, oats,
and flax. Potatoes, of course, they have in abundance.
There are scarcely any ditches or hedw.s ; their fences
.consisting mostly of dry stone walls. They have an ex-
cellent breed oflong horned cattle, and tlie finest flocks
of sheep that are any where to be seen. To this last

GAL
branch of rural economy they pay great attention ;

those who eng.tge in it have both enterprise and capi-

tal ; and accordingly it is in a very flourishing condition.

The principal market for stock is tliat of Ballinasloe,

situated on the east border of the county. Labour is

generally paid by rent or price of corn acres, meadow
or grass of a cow. In 18 II, the average price of vari-

ous articles were calculated as follows : A man the year
round, £ll, 10s. 9d. ; a woman ditto £6, 10s.; car-

penter per day 2s. 2d. ; masori ditt&2s. 5^d. ; slater ditto

3s. 3-}d. ;
quarryman Is. Id.; thrasher 9d. ; saddle-horse

ditto 4s. 4d. ; plough ditto 5s. 5d. ; grazing a cow per

week 2s. 3d. ; oak per foot 4s. ; ash ditto 3s. 3d.

;

bricks per 1000 £ I. ; a car mounted £4, lis.; pota-

toes per stone 3-|d. ; salt butter per cwt. £S, 14s. 8d.

;

fresh ditto per lib. Is. 2^d. ; hay per ton £2, 17s. 6d.;

whiskey per gallon Qa. ; ale per quart Sd. ; porter per

gallon 1 s. Gd. ; beef per lib. 5|d. ; mutton ditto fid.

;

veal ditto 8d. ; pork ditto 3^\. ; lambs per score £l9,
1 Os. ; cheese per lib. 1 s. 4d. ; shoeing a horse 4s. 4d.

;

shoes per pair Q». Qd. ; salt per stone Is. Id. ; Swedish
iron per cwt. £l, Ss. Cd. ; undressed flax per cwt.

£3, 14s. 8d. ; wool per stone £1.; fowls per couple

Is. 8d. ; wheat per barrel £l, 18s. 5^d. ; barley ditto

15s. 6d.; oats ditto JOs. Id.,: malt ditto £l, 15s. 6d.

;

flour, 1st, per cwt. £l, 9s. 4d. ; ditto, 2d, ditto £l,
4s.; ditto, 3d, ditto 17s.; oatmeal per cwt 14s.; la-

bour in hay or corp harvest per day Is. Id. ; mowing
grass per acre 4s. 6{d. ; rabbits per couple Is. Id.;

milk per quart 2d.; herrings per 100, 5s. Sd. ; com
acres of oats per acre £5, 6s. 'lO-^d.;. ditto meadow
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iriMy. ditto £6, I3«. 11.}.; ditto potatoe land ditto £7, 7s.

""^ 6|d. ; flax per rocnl £1, ISs.

Largo a.H this county is, there is not of property

belongiii)^ to absentees above £50,000 per annum.
Perhaps one-thin! of tlie wliole land is let in partner-

shij) leases ; and in some places leases are ^antetl for

three lives, or thirty-one j'ears, to an indefinite number
of tenants, who are not only joint in occupying the

ground, but have the benetit of survivorship. The
average rent is £\, 10s. per green acre. A man of

large property is here termed a sliilesma?i, but he who
has only a few acres is called a palchman. The Earl

of Clanricarde, Lord Clancarty, Mr Eyre, and Mr Koss

Mahon, have each estates in this county of about

£10,000 per annum, Christoper D. Baku, Esq. has

£6000, John Burke, Esq. iiTOOO, Lord French
£3500, Malachy Doncyland £5000. Mr Martin has

about 70 miles along the co:i«t, and is reckoned the

most extensive lauded proprietor in the three king-

doms.
There is a good deal of fishing on the coast of Gal-

way ; but the fishermen are destitute of sufficient enter-

prise. The fish-market of Galway town is excellent,

being siipplietl witli turbot, salmon, &c. at a cheap

rate. Trade is at a low ebb. Galway, though enjoy-

ing many local advantages in this respect, has declined

very much of late years. Besides Galway, there are

the well sheltered havens of Killkerran, Birturby,

Roundstone, and Ballynakill. The manufactures of

the county are not worth mentioning.

Galway alwunds in rivers and lakes. The lake of
Lough Corrib covers above 31,000 acres. It is twenty
miles in length, and eleven acres at the broadest part.

It resembles Lough Earne. Lough Reagh and Lough
Coutra are said to be beautiful pieces of water. Seve-

ral of the rivers have the jieculiarity of being sid)ter-

raneous in a part of their course. These are the Black
River, the Clare, the Moyne, and the Gustnamakin.
Almost every river and brook in the neighbourhood of
Gort has a great number of these steallotus.—-The prin-

cipal town in the county is that of Galway, which, in-

deed, is the largest in the province of Connaught. It

is resorted to as a bathing-place in summer ; and a
place of residence in the winter for those families that

are fond of society. The houses stand with their ga-
bles to the street, and a door in the end, like that of a
coach-house.

Galway sends three members to parliament—two
iVom the county and one from the town. Thei'e is

no overbearing territorial influence. The Roman Ca-
tholic property is very extensive, and always STip-

ports that interest. The number of freeholders amotuits

to iOtX). The freeholders within the borough, along
with the members of the corporation, who arc chosen
it will, elect its re))resentative.—The inhabitants of
this county are mostly Catholics, the Catholics being
;is forty or fifty to one ; in landed property they .^re

about one to three ; and in personal property as three
to one. In the western parts, there are districts of
tifly miles in extent, without a single church or a single

Protestant. The militia, consisting of 1000 men, were

Kail Ciitholics except the band and petty ofiicers, amount-
ing to sixty or seventy. The Catholics are increasing.

There are ten Catholics called on the grand jury.

This county contains 15t-6 square miles, J)89,<)50
acres, 1 H baronies, \\(i parishes, 28,212 houses, 142,000
inhabitants, 35 acres to a house, and 18.24 souls to a
square mile. See Beaufort's Memoir of a Map nf IrC'
land. Wakefield's SUUislical Account of Ireland, (t)

GAMA, Vasco dk, the discoverer of the pa.«agc to

the East Indies by the Cape of Good Hope, was de-
scended of a noble Portuguese family ; and in early life

distinguished himself as u naval commander in a war
with the French. In ItJ)?, he was selected by Emma-
nuel, King of Portugal, to command the squadron which
had been equipped for the voyage to India. His courage,
penetration, prudence, and enterprising spirit, rendered
him worthy of the important cliarge, and were signally

displayed in the course of the expedition. His squadron
consisted only ofthi'ce vessels and a store-ship,all ofthem
of a burden and force very inadequate for such a service.

On the 8th of July, the shore was covered with the in-

habitants of Lisbon, and the adventurous band set sail-

amidst the tears and prayers of their countrymen and
friends. It was the ith day of November before they
touched land on the western coast of Africa, where, in

an accidental scuffle with the natives, Gama was wound-
ed in his foot by a dart. From this period all his he-
roism was called forth in contending with the most
tempestuous seas, and combating the mutinous opposi-

tion of his crew, till the 20th of the same month, when
the storm suddenly ceased, and the Cape of Good Hope
appeared in view. Having taken in provisions, and
destroyed their store-sloop, they proceeded to sea on
the 8th of December, and reached the shores of Mo-
zambique about the beginning of March, where they
first experienced the hostile dispositions of the Moors,
and Gama narrowly escaped their treacherous attempts

upon his life. After various adventures, in which his

coolness and intrepidity were equally di?played, he
came to anchor before the city of Melinda, where he
found several merchant vessels from India, commanded
by Christians; and, having procured a skilful pilot, ar-

rived at Calicut on the 22d of May HQS. The sove--

reign of the counti-y, or Zamorim, at first welcomed the

strangers with every demonstration of friendship ; but
was soon influenced by the Moors to depart from his

.

promises of alliance. On this occasion, Gama gave a
noble proof of the most determined resolution and he-,

roic self-devotion to the cause in which he had enga-

ged. In order to complete the object of his voyage,

an interview with the Zamorim was absolutely necessa-

ry ; and, while he boldly committed himself into the

hands of strangers, with all his experience of their

treacherous dispositions, his whole arrangements and
commands were dij-ected, not to his own safety, but to

the success of the expedition. He left the most pe-

remptory orders with his officers, that if he were detain-

ed a prisoner, or any attempt made upon his life, they

should take no step to save him ; that they should give

car to no message, which might come in his name; that

they should enter into no negotiation in his beh.alf

;

that they should not risk the loss of a single man, or.

endanger in any respect the homeward voyage for his

sake ; but, the moment they perceived his escape to be

impracticable, they should set sail for Europe, and car*

ry to the king of Portugal the tidings of the discovery

of India. He escaped the snares of the Zamorim, de-

feated the Indian fleet, and pursued his homeward
course. He reached St Jago in safety ; but his brother,

Paidus de Gama, sinking under the fatigues of the

voyage, was unable to proceed. The generous and af-

fectionate Gama, less elated with the triumphs wliich

awaited his return, than afllicted by the sickness of his

brother, sent forward his ship under the command of

one of his officers, and remained at Tercera, to soothe

the death-bed, and to close the eyes of Paulus. Having

fulfilled this melancholy office, he landed at Lisbon ou

Gama.



GAM 104 G A N
Gamboge, the Uth of September 1499, after performing the long-
^—"V"^ est and most difficult voyage that had ever been made

since the first discovery of navigation. Honoured with

the title of nobility, appointed admiral of the Eastern

seas, rewarded with a suitable salaiy, loaded with

the compliments of the court, and followed by the

shouts of the populace, he remained inconsolable for

the loss of his brother, the companion of his toils; and,

shutting himself up in a lonely house on the sea-side

at Belem, could not be persuaded till after a long inter-

val, to mingle again in public life. He was appointed,

in 1 503, to the command of a powerful fleet of 20 ships,

destined for India, where he had frequent engagements

with the fleets of the Zamorira ; and, having secured a

friendly commerce with the ports of Cochin and Ca-

nanore, he returned home with 12 ships, loaded with

the riches of the East. The mal-administration of fu-

ture commanders in India requiring the presence of

some distinguished character, he set sail a third time,

in the year 1524, in the office of Viceroy, and with the

title of Count de Vidigueyra. Having remedied the

errors of his predecessors by his exalted and liberal po-

licy, he was interrupted in the prosecution of his en-

lightened plans, and died at Cochin three months after

his arrival. See Robertson's History of America ; Ab-
be Raynal's History of the East and West Indies;

Mickle's Lusiad, Introduction ; and Modern Universal

Hisloru,vo\. ix. (o)

GAMBOGE is the name of the concrete, gummy,
and resinous juice of the Sta/aaviitis gamhogioides, a

tall tree, with spreading branches, whicli grows in

Cambodia or Cambogia, Ceylon, Siam, and Cochinchi-

na. The gamboge from Siam is sent home in small

tears, which exude from the leaf-stalks, and young
shoots that are broken off the tree. The gamboge of

Ceylon is obtained from deep incisions in the bark,

tlie juice being afterwards inspissated by the heat of

the sun, and formed into cakes or rolls. The external

colour is brownish-yellow, leaving a deep reddish-

orange tint within. Its surface is smooth, and its tex-

ture equal and uniform. It has no smell, and very

little taste ; but when it has remained some time in

the mouth, it leaves an acrid impression. It melts and
blazes when applied to the flame of a candle, emitting

sparks and a dense black smoke. Its flame is white
when the gamboge is good, and its ashes grey. The
larger and dark-coloured cakes are nrt good.
When dissolved in water, gamboge forms a fine yel-

low pigment, which is well known. It is also employ-
ed in making the gold-coloured lacquer for staining

white wood, so as to resemble boxwood ; and in giving
a beautiful and durable citron yellow stain to marble.
The following Table shews the quantity imported

and sold by the East India Company from 1804 to

1808, inclusive. The permanent duty is £,5, 12s. per
cwt. and the war duty £ 1 : 17 : 6, amounting in all to

ie7:9:4.

Years.

March Sale. Sept. Sale. Total.
Aver. Price

per Cwt.

Cwt. Price. Cwt. Price. Cwt. Price. £ ,. d.

1804
1805
1806
1807
1808 34 £929

64
51

65
50
112

£1270
1095
1592
1048
2175

64
51

65
30
146

£1270
1095
1592
1048
3104

19 16 10
21 9 5

24 9 10
34 18 8
21 5 2

Twenty cwt. of gamboge are allowed to the ton.

See Lewis' Materia Medica ; Neumann's Chemistry, by
Lewis, p. 300, note m ; Aikin's Dictionary of Chemis-

try ; and Milburn's Oriental Commerce.

GAME Laws. See Law.
GAMES. See Greece and Rome.
GANGES, a celebrated river of Asia, whose waters

ai-e regarded by the Hindoo as an object of peculiar

sanctity and veneration.

In Eastern mythology, Ganga, the Ganges, is de-

scribed as the eldest daughter of the great mountain
Himavata, and called Ganga on account of flowing

through gang, the earth. The Hindoo, willing to adopt

what the Brahmin tells him as most congenial to his

prejudices of the origin of the sacred river, believes that

it issues from the root of the Boohjpiitre tree, through
the semblance of a cow's mouth in stone, and flows di-

rectly from heaven ; nor does he seek to be undeceived
of .so agreeable an illusion.

Until lately, much obscurity existed with regard to

the true source of the Ganges ; nor indeed to this day
has it been traced up to the fountain head. But on this

point the field of conjecture and doubt is much nar-

rowed. All the maps, till 1807, assigned a course to

the Ganges many liundred miles within the range of
Himalaya mountains, the northern boundary of Hin-
dostan. But the late Lieutenant-Colonel Colebrooke,

Surveyor-General of Bengal, refused it so remote an
origin, on the grounds, that if it pursued such a length

of course, it must have swelled to a river of great mag-
nitude long before it reached Gangoutri, from the sup-

ply of mountain-snows and rills. This gentleman was
directed by the Bengal government to explore the

sources of the Ganges; unfortunately, a premature
death deprived the world of his services and profes-

sional abilities. Lieutenant Webbe, surveyor, was in-

structed to follow up Colonel Colebrooke's views, but

he failed of success, being stopped by the extreme diffi-

culties of the way, when, by all accounts, he was within

a few days reach of the idtimate object of his mission.

Geographers now agree in deducing the source of the

Ganges from no considerable distance beyond Gang-
outri, situated in N. Lat. 31° 4', and E. Long. 78° 9',

among the Himalaya mountains, in the province of Se-

rinagur.

This opinion rests on the following grounds : that all

the mountain streams during Lieutenant Webbe's jour-

ney were found to be increased during a course of eight

or ten miles, from the smallest rivulet, to a consider-

able and unfordable river, by the supply of springs and
tributary rills. The course of the Ganges and Alaca-

nanda rivers having been followed, till the former be-

came a shallow and stagnant pool, and the latter a small

stream ; and both being affected by the dissolution of

snows, in addition to springs and rills, it was conclud-

ed from analogy, that the sources of these rivers could

be at no great distance from the spot where the obser-

vations were made. As we have no reason to suppose

that tlie Bhagirathi branch of the Ganges is governed

by laws different from other mountain streams, we are

warranted in fixing its source on the southern side

of the Himalaya range of mountains, and likewise in

concluding that all the tributary streams of the Ganges,

with the Sarjew or Goggrah, and the Jumna, whose
chief fountain is not remote from the Ganges, rise alse

on the same side of that chain of mountains. Every
account agrees that tlie source of the Ganges extends

beyond Gangoutri, which is merely the point whence

it issues from Himalaya. It is said to be here fil'teen
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or twenty yaicis broad, the turreiit luodeiate, aiid wuist
deep. But the access beyond this place is much ob-
suucted by snows. The pilgrims, and those wlio re-
suk in the viiinity of Ganj^outri, and who gain a liveli-
hood by brinjfing water from the spot, say that tlie
road is only passable for a few miles, when the current
is entirely concei.lcd under heaps of snow, which no
traveller ever has surmounted, or can surmount. This
river assuming the name of the Bhagirathi, continues
to flow from the north till it meets the waters of the
Alacananda from the east. Their united streams at the
town of Devaprayaga, in North Lat. 30" 8' 6", form
the Ganges. Thus it appears that the Alacananda,
winch rises at a place called Bhadinath, in North Lat.
30" 42' 28", and East Long. 80° 18' 22", divides with
tlie Bhagirathi the honour of forming the sacred river.
The contrast of these two rivers is remarkable. The
Bhagirathi rushes down a steep declivit}', foaming over
large stones and fragments in its bed, while the placid
Alacananda flows with a smooth and unruffled wave,
tUl it unites its murmurs with the boisterous torrent of
its sister stream. The breadth of the former is 112
feet, and it is said to rise 40 feet in the rains. It is
crossed by a bridge of ropes, elevated 52 feet above the
level of the water.

The spot where the Ganges enters the plains, after
forcing Its way tli rough an extensive tract of moun-
tainous country, is called Haini ca Pairi, situated at
the extremity of the town of Hurdwar, and is regard-
ed with peculiar veneration by the Hindoos. Hither
an annual pilgrimage is made by people from all parts
of Hmdostau and the Deccan, for the purpose of ablu-
tion in the sacred stream. The batlnng commences on
the 10th of April. Every iwelftli year is celebrated
with greater rejoicings, and is called Ciimbla Meba,
from the planet Jupiter being then in the sign Aqua-
rius. A fair is held here, and numbers rcpaii- to it
merely from commercial motives. Merchants from the
Penjab, Cabul, Cashmci e, and other places, furnish mer-
diandize, and from this mart the prmcipal cities in the
Duab, Delhi, and Lucknow, are supplied. At this
season, sometimes two millions of people are collected
The temple containing the idol rises from the bed of
the river. It is a plain building, surmounted by two
cupolas. No particular ceremony is observed at the
bathing, which consists of simple immersion. Those
who are rigidly devout, or who have any apprehension
about going into the water, are assisted by a couple
of Brahmins, who having dipped the penitent in the
holy stream, reconduct him ashore. Few, however
require this assistance; and as the water is not above
tour feet deep, the women plunge in without hesita-
tion, and both sexes mix indiscriminately. After ablu-Uon IS performed, the men whose fathers are dead and
widows, undergo tonsure, and the liair is generally
strewed in some frequented patl., with tlie superstitious
Idea, that good or bad fortune is indicated by the per-
son or animal that first chances to tread on it. An ele-
phant IS considered peculiarly fortunate.

Although the water of the Ganges, from Gangoutri
to isagor, IS esteemed sacred, yet there are certain
places, the resort of pilgrims from a distance, moreeminently so than the rest. These are chiefly tlie five

nrS',' ''\Tl^^
junctions of rivers, of which the

principalis Allahabad, called simply Pruyag by wayof distinction, "The others are situated in thepLhZof Sirinagur, at the confluence of the Alacananda with
small nvers, and are named Devaprayaga, Budrapra-

GANGES
yaga, Carnaprayiiga, and Naiidajirayagu,
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- „ .. . , o . ,..-^_fj_. Besides its Cange*.
sanctity, the Ganges is much esteemed for its medi-
cinal properties, and drank on this account by Maho-
medons.
The Ganges and Brahmapootra rivers, with their inland n».

numerous branches and tributaries, intersect the coHn- rigation.
try of Bengal in such a variety of directions, as to form
the most complete and easy inland navigation imagin-
able. So equally and admirably difliised are those na-
tural canals, over a country approaching to a perfect
plain, that 4-5ths of Bengal may be safely said to be
so well watered, as to command some navigable stream,
even in the dry season, within a distance of 25 miles.
This inland navigation employs upwards of 30,000
boatmen. And when it is considered that all the salt,

.

and most of the food consumed by so large a popula-
tion, is transported by water within Bengal and its
dependencies, and at the same time that the commer-
cial exports and imports, the interchange of manufac-
tures and products throughout the country, the fisheries,
and travelhng, are all carried on by this means, it be-
comes less a matter of surprize that the inland naviga-
tion should employ such a number of hands.
The Ganges, on escaping from the mountains, flow«

with a smooth navigable stream, through delightful
plains, during its course to the sea, diffusing plenty
over the adjacent lands, and affording every facility
for the transport of the productions of its borders. Nor
is it unimportant in a niilitiiry point of view; opening
a communication botwcen the diHorcnt posts, it serves
as a military way through the country, and renders un-
necessary the formation of magazines.

After the Ganges issues from the mountains near c.mflujc
Hurdwar, to the conflux with the Jumna at Allaha- wiihthc
bad, (the first large river that it meets), its bed \aries -'"mna.
from a mile to one mile and a quarter in breadth.
From thence its course becomes more circuitous, an(i
its channel wider, till having received successively
the Goggi-ah, the Soane, and the Gunduck, besides
many smaller streams, its channel attains its full
width ; and though afterwards in some places it nar-
rows to half a mile, yet where no islands inter-
vene, it extends to a breadth of three miles. When Its brcadrf,

at its lowest, the principal channel varies from 400 *"'' ''"l"*-'

yards to l^th mile wide, and commonly is about -iths
of a mile in breadth. The Ganges is fordable at some
places above its conflux with the Jumna, but the na-
vigation is never interrupted. At 500 miles from the
sea, the chaimel is 30 feet deep when the river is low-
est ; and this depth continues to the sea, where th>>
sudden expansion of the stream deprives it of force '

sufficient to sweep away the bars of sand and mud
thrown across it by the strong soutlierly winds, so th.it
the principal brancli of the Ganges cannot be entered
by large vessel?.

In its course through the plains, the Ganges receives laflux of
1 1 rivers, some of which are equal in size to the Rhine, '"'"« into

and none smaller than the Thames, besides as many *' Censes.

more of lesser note. To this vast influx of water, it is
owing that the Ganges exceeds the Nile so mudi in
point of magnitude, while the latter exceeds it by one
tliird in length of course.

The general descent of the Ganges does not exceed Its <lescei.t
four inches per mile; and the mean rate of motion, in andmou«n.
the dry season, is less than three miles an hour. In the
wet season, whilst the waters are running off" from tlie
inundated lands, the current flows from five to six miles
an hour, and in particular circumstances and situation?,
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seven or eight miles. An instance is mentioned by

Rennell, in which a boat was carried, Sf^ainst a strong

wind, 56 miles hi eij»ht hours. Considering that the

velocity of the stream is three miles in one season, and

five or more in the other, or the same descent of four

inches per mile, and that the motion of the inunda-

tion is only * mile per hour, on a much greater descent;

no further proof is required, how small the proportion

of velocity is, which is communicated by the descent.

It is then to the impetus originating at the spring head,

or at the place where adventitious waters are poured in,

and successively communicated to evei-y part of the

stream, that we are to attribute the velocity, whidi is

governed by the greater or less accession of water.

The annual swelling and overflowing of the Ganges,

is attributable as much to the rain water that falls in the

mountains contiguous to its source, and to the sources

of the great nortliem rivers that fall into ft, as to that

which falls in the plains. The dissolution of mountain

snow adds but little to its increase ; for it rises but 15|
feet out of 32 (the sum total of its rise) by the latter

end of June, and it is well known that the rainy sea-

son does not commence in most of the low countries

till about that time.

In the mountains, the rains begin early in April, and
by the latter end of that month, when the rain water

has reachetl Bengal, the river begins to rise, but by
very slow degrees, the increase being only about an

inch a day for the first fortnight. It then gradually

augments to two or three inches, before any quantity

of rain falls in the low countries. On the rain becom-
ing general, the increase on a medium is five inches per
day.

The following Table shews the gradual increase of

the Ganges, and its branches, according to observations

made at Jellinghy and Dacca.

At JeUinghy,

In May it rose ....
June
July
In the first half of August

Ft.

6
9
12

4

In.

6
6

At Dacca. Ft.

2
4
5
1

In.

4
6
6

11

32 14

Its daily increase is ne.irly in the following propor-

tion. During the latter half of August, and all Sep-
tember, from three to four inches ; from September to

the end of November, it diminishes gradually from
three inches to ]i incli; and at a medium ^ inch per
day, from November to the latter end of April. These
proportions relate to such parts of the river as are not
affected by the tides. By the latter end of July, all the
lower parts of Bengal are overflowed contiguous to the
Ganges and Brahmapootra, forming an inundation of
more than 100 miles in width, nothing appearing but
villages and trees, and here and there the site of an
abandoned village, resembling an island. Owing to

the quantity of rain that falls in Bengal, the lands are
generally overflowed to a considerable height long be-
fore the bed of the river is filled, the ground adjacent
to the bank, to the extent of some miles, being more
elevated than the rest of the country. Dikes, kept up
at an enormous expence, guard particular tracks from
inundation, yet these are liable to be damaged, owing
to the want of tenacity in the soil of which they are
composed. It is calculated that the length of these
dikes, collectively, exceeds 1000 miles. The innnda-
tion is nearly at a stand in Bengal, for some days pre-
ceding tlie I5th of August, when it begins to run oft'.

though great quantities of rain still continue to faB du-
ring August and September ; but by this time a de-

crease of rain having taken place in the mountains, a

consequent deficiency of supply to keep up the inunda-
tion ensues. Of the increase of the Ganges, Rennell
remarks that there is a difference in the quantity of this

increase at places more or less remote from the sea, the

height of the periodical increase diminishing gradually
from where the tide reaches to the sea, untd it totally

disappears at the point of confluence. The ocean pre-

serving the same level at all seasons, (under similar cir-

cumstances of tide) necessarily influences the level of
all waters that communicate with it, unless precipitated

in the form of a cataract. At Luckinoor, there is a dif-

ference of about six feet in the height at different sea-

sons ; at Dacca, and places adjacent, 14 ; and at Custee
of SI feet. The last place is about 210 xniles from the
sea, by the course of the river ; and the surface of the

river there is, in the dry season, SO feet above the level

of the sea at high water.

The quantity of water discharged by the Ganges, in

one second of time, in the dry season, is 80,000 cubic

feet ; but the river, when full, having twice the volume
of water in it, and its motion being accelerated in the

proportion of 5 to 3, the quantity then discharged is

405,000 cubic feet. Taking the medium of the whole
year, it will be nearly 180,000 cubic feet per second of
time.

Europeans view with wonder the remarkable altera-

tions in the course of the Ganges, and the other rivers

of Bengal, although the natives of the country, who
have long witnessed the encroachments and deviations

of their streams, behold these changes without surprise.

The greatest injury is sustained during the periodical

flood-s, and while the waters are draining off; and when
it is considered that at this season, at the distance of

200 miles from the sea, there is an increase of more
than 25 feet in the perpendicular height of the water,

some idea may be formed of the velocity with which it

will run off, and of the havoc which it will make on the

banks. Accordingly it is not unusual to find, when the

rainy season is over, laa-ge portions of the banks preci-

pitated into the channel, and the devastation extended

over fields and plantations ; even trees which, with the

maturity of a century, have acquired strengtli to resist

the most violent stomas, have been suddenly undermi-

ned, and swept away by the stream. But the encroach-

ments are as often carried on gradually, ,ind in tlie dry

season ; in this case the nati ves have time to renwvc
their effects, and diange their places of abode, if too

near the banks. Whole villages are tlius seen deserted,

whose inhabitants had retired to safer situations. Along
the banks of the Ganges, ^vlicre the depredations of ti^e

flood are most to be apprehended, the people are so ac-

customed to removal, that they make use of light mate-
rials only in huts, !Uid such as, on an emergeivcy, cmi

be easily transported. These effects are attributable, in

a great measure, to the looseness of the soil ; but this

destructive operation of nature is in some degree com-
pensated by the formation of new lands, either l)y allu-

vions on the opposite shore, or by islands which emerge
in the middle ot the stream, and ultimately become
connected with the main land, by the closing -up of one

of the channels. The Ganges gives birth to nume-
rous islands, which are of an extent proportional to

tlie bulk of its waters. The rapidity with which these

islands have been thrown up, and the size to which
they have swoJn, appear objects of astonishment to

those who have opportunity of observation. 'When the
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inuncktiou him subsiJed, and tUo-iiver found iu onlina- FimiUy, if wc imauiiie the air cool, tlie sky serene and ^«"ff*^

ry level iiJ tlie dry seaswi, considerable sand bunks are iinclouclcd, we sliall have an idea of the ttale of Uiesie -^t

suen ill places where, tlie preceding year, the cliannel islands during at lea*it six montlis of the year,

had been uavigable. The collection of sand becomes In the higher parts of Hindostan, where a conker Swte of »»

sonietiraes so gie;a, as to divert the main stream into a soil, or a hard reddish calcareous earth prevails, tlie *" •

new and generally more direct course ; for it is only banks are not so liable to be undermined, and are even

by cncroaihincuts on the banks that inflexions in tlie firm enough to resist the utmost efforU of Uie stream ;

stream are produced, while the sudden alluvions, and but in Bengal, there are few places where a town built

frequent depositions of sand, have a tendency to fill up on its banks can long retain the advantage of its situa-

the channel, into which it had been diverted, and to tion, being either liable to be destroyed by the river, or

restore the straiglitness of its course. Such of the else to be deserted by it. In iu course through Bew-

i.slands aa are found on their appearance to have any gal, the Ganges may be said to have under its domi-

soil, aic immediately ciUtivated ; and water melons, nion a large portion of tiie flat country ; for not only

cucumbers, and sursoo or mustard, are the produce of the channel which conuins the main body of its wa-

die first yem-. Even rice is seen growing on those ter9, but also the land embraced by its collateral

piirts, where a quantity of mud lias been deposited near branches, is subject to inundation, or destruction by

the water's edge. Some of these islands, before they encroacliment ot the stream, and may therefore be con-

liave acquire<l sufficient stability to resist the force of sidered belon;:;ing to the river. Nor can the betl of

the current, are swept away ; but when, by repeated ad- the Ganges through Bengal be said to be permanent.

«btioii6 of soil, they appear to be firm and consolidated. However, from local causes, at some places the main

the n«tiv«s no longer hesitate to take possession of them, channel and deepest water will always be found, as at

;»nd the new acquisitions become immediately a sub- Monghir, Sultangunge, Sicrigully, and Rajemalil ; at

)ect of altercation. The settlers transport their fami- these places rocky points project into the stream, and

"lies, cattle, and effects. The highest spots are belected some parti of the bed are stony, or the banks consist of

fiw the villages, and dwellings are raised with as much conker.

confidence as on the main land ; and though the fouii- The following Table will convey an idea of the Winding*

dation be sandy, the stratum of soil which is upper- windings of the Ganges, and its branches: "fits

most being interwoven with the roots of grass and MAes
*°"'*'

other plants, becomes hardened by the sun, and at
^j^j,;^ jqq ^q^^ ^^^ q^ increases the dis-

length sufficiently nrm to resist the attacks ot the stream.
taiice to IS")

Thus these islands are liable to destruction only by die The Ooggrah, o'r Dewah, to
'.'.'.'.'.'.'. uk

sacae process ci undermining and encroachment to ^.^^ h^^, f^^^ Calcutta to Nuddea, increases
which the hack* ot the river ai-e subject. \V hen an from GO to 76
i^id is found too extensive foi- cultivating the whole The Goompty from I'oO to

*
'. ". *. ". '. ". '.175

of It, U IS soon overrun wiUi reeds and long grass, The Issamutty and Jaboona from 100 to ... 217
tormtng lupenetrabie thickets, and anording shel- "^

t«r to tigers, buffeloes, deer, and other wild animals. About 200 miles from the sea (but 300 reckoning Delta of

The rest of the lands produce good pasturage, and the winding of the river) commences the Delta of the the Ganges.

feed thousands of cattle. The subsequent inundations Ganges. The two westermost branches, called the

fertilizing the soil, to which the burning of the grass Cassimbazar and Jellinghy rivers, unite and form what
greatly contributes, the inhabit'uits are induced to is called the Hoogly river, which makes the port of
0xtend the limits of tlieir cultivation, and settle per- Calcutta, and the only branch of the Ganges com-
Dianently. The islands of the Ganges are distin- monly navigated by ships. The city of Calcutta stands

guishable from the miiinland, by their having few about 100 miles from tlie sea, on the east side of the

or no trees, even after a communication has been form- westtm branch of the Ganges, named by Europeans
e«l, by the closing up of oae of the channels, which the Hoogly, and by the natives the Bhagiratlii, or

generally happens in a few years. Dera Khowaspour, true Ganges, and considered by them peculiarly sacred,

aae of the largest, has continued longer in an insulated The river is here, at high water, fully a mile broad ;

Mate than any other, owing to its peculiar situation, but during the eW), the side opposite to Calcutta ex«

iaunediately below the confluence of the Ganges and jjoses a long range of sand banks. On approaching
C4MEa rivers. It is 9^ miles in length, and at the Calcutta from the sea, a stranger is much struck with
greatest breadth 2^ broad, containing about 20 square its appearance ; the elegant villas on each side of the

miles of land, mostly cultivated, with several villages, river, the compimy's botanic gardens, the spires of the

In the highest floods the inliabitants are obliged to churches, temples, anil minarets, and the fine citadel

erect temporary huts on pillars of wood, or stages ; but of Fort-William, present a magnificent spectacle. Cal-

they are seldom reduced to this necessity. cutta possesses the advantage of an excellent inland na-
if we present to the imagination a wide extended vigation, foreign imports being transportetl with great

plain, witli pens for cattle, and a tew humble huts, facility on the Ganges, and its subsidiary streams, to

whose tops are crowned with gourds, the intervening the northern nations of Hindostan, while the produc-
space highly cultivated with wheat, barley, and pulse tioiis of the interior are received by the same channels,
of all sorts, whose flowers entertain the eye with a va- Where the Hoogly is joined by the Koopnarain, a very
riety of rich tuits ; if we farther imagine the scene ani- large sheet of water is forme»l, but it has many shoals ;

mated with numerous herds of cattle, and a few vil- facing directly the approach from the sea, (while the
lages scattered over the distance, tlie horizon bounding Hoogly turns to the right,) it occasions the loss of
tne view with no other remote objects than a long line many vessels, which are carried up the Roopiiarain
of grass jungle, and a few trees hardly discernible, by the tide. Here is fonmetl a dangerous sand, named D,ngj,„„j
from the great distance on the mainland, we shall then the James and Mary, around which the channel is ne- ,ani
have a tolerable pktuie of aa island of the Uwges. ver the same for a week, and requires frequent «uiw
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.Oiitipei. Tey!?; The Bore commences at Hoogly Point : So quick

is its motion, that it hardly takes four hours to run a

distance of 70 miles. It does not How on the Calcutta

side, but along the opposite bank ; from whence, cross-

ing at Chitpoor, about four miles above Fort-William,

it proceeds with great violence past Barnag-ore and
Duckinsore. On its approach, boats must immediately
quit the shore, and go for safetj' into the middle of the

river. At Calcutta it sometimes occasions an instanta-

neous rise of five feet,

••under- ^''^ P*''^ "^ *'^^ Delta bordering on the sea is com-

iunds. posed of a labyrinth of rivers and creeks, named the

Sunderbunds, which, including the rivers that bound
it, give an expansion of 200 miles to the branches of

the Ganges at its junction with the sea. A complete

inland navigation is formed from the disposition of these

natural canals. In tracing the sea-coast of this Delta,

there are eight openings found, each of which appears

to be the principal mouth of the Ganges. The coiu-se

of the river fluctuates from one side of the Delta to the

other ; nothing appearing in its numerous creeks and
rivers but regular strata of sand and black mould : The
ilay is found deposited below.

Their in-
^^^ navigation through the Sunderbunds is chief-

tricate na. '.V by means of the tides, there being two distinct pas-

• vigsaon. sages; the one the Southern or Sunderbund passage,

the other the Balliaghaut. The first is the longest,

leading through the widest and deepest rivers, and
opening into the Hoogly or Calcutta river, about tj5

miles below the town. The Balliaghaut passage opens
into a lake on the east side of Calcutta. The naviga-

tion of these passages extends above 200 miles through
a .thick forest, broken into numberless islands by a
variety of channels, differing so much in width, that a
vessel is at one time entangled among the trees, and at

another sails on a broad expanse of water, beautifully

skirted with wood. The water is every where salt ; and
the forest is abandoned to wild beasts, with the excep-
tion here and there of the solitai-y habitation of a fa-

keer. During the dry season, the salt-makers who vi-

-sit these rivers exercise their trade at the imminent ha-
zard of their lives ; enormous tigers, not only making
iheir appearance on their borders, but swimming off to

the bot'its that lie at anchor. In addition to these, the
rivers swarm with alligators. These passages are open
throughout the year, and during the season when the

stream of the Ganges is low, all the trade of Bengal
(the western districts excepted) passes either by Chan-
nel Creek or by Balliagliaut, but chiefly by the former.

It is neither practicable nor desirable to reclaim these
salt marshy lands, generally overflowed by the tide.

This forest has always been considered of importance
in a political view, presenting a strong natural barrier

along the southern frontier of Bengal. Excellent salt

in abundance is here manufactured; the woods also

furnish an inexhaustible supply of timber for fuel, boat-
huilding, and other purposes.

Kcmarkable The JJritish nation, with tlieir allies and tributaries,

course 0/ occupy the whole navigable course of the Ganges, from
t.he Brail- its entry on the plains to the sea ; which, by its wind-
uiaiwotra. j^gg^ jg j,j,gm j^^j 2^;^;^}^ ^jjg^ r^he following cir-

cumstance attending the Ganges and Bralunapootra
rivers is remarkable. Though the sources of the latter
have. never been explored, they are in all probability
only separated from those of the former by a narrow
range of snow-clad mountains, about the 32" of North
Xatitude, and the 82'' of East Longitude. From thence
.directing their courses to opposite quarters, they are

more than 1200 miles apart; but afterwards meet, and Ganga

roll their mighty streams in conjunction to the sea. [I

There is a specie.-; of dolphin peculiar to the Ganges, ._*"^"^

which is particularly described by Dr Roxburgh in Dolphim
the seventh volurne of the Asiatic Researches. We shall Gangetici

give merely a general outline of this animal. The body
is long and slender, thickest about the forepart, and
from thence ta})ering to the tail. The skin is soft,

smooth, and of a shining pearl-grey, or lead colour

when dry ; diversified with lighter coloured spots, or

clouds, particularly when old ; but when the animal is

alive, and as it appears in the water when rising t«#

breathe, it looks much darker. The length of the one
described (a young iialf grown male) was 6| feet, and
3 feet in circumference where thickest, rather behind
the pectoral fins. It weighed 120 pounds. The head
is remarkable, being about one-sixth part of the length

of the whole animal, and the jaws are furnished with
no less than V20 teeth. When in pursuit of fish, it

moves with great velocity. Between the skin and flesh

is a coat of yellowish-coloured fat, more or less thick

according to the state of the animal. This the Hindoos
set a high value on, as an application for removing
pains of various kinds. The flesh is like the lean of

beef in colour, of no disagreeable smell, yet, so far as

was learnt, not eaten by the natives. See Colebrooke,

Asiatic Researches ; Rennel's Phil. Memoir ; Webbe's
Survey, Asiatic Researches ; and Hamilton's East India

Gazetteer, (w. t.)

GANGLION. See Surgery.
GANGRENE. See Surgery.
GANJAM is a town of Hindostan, in the circar of

Cicacole, near the Bay of Bengal. It is situated on a

small eminence along the river, at the distance of about
a quarter of a league from its embouchure. The prin-

cipal public buildmgs are a large pago<la, and the house

of the governor, built of brick. All the other houses

are built of a greasy earth, and covered within and with-

out with lime. They are roofed with straw or bul-

rushes, which are renewed every two years. The town
is of a moderate size ; the streets are narrow, and iU

arranged ; but the inhabitants are numerous. In 17H,
when the town was rich and populous, it was situa-

ted very near the shore, but a violent storm of wind,

which rose in the evening, drove out the sea, and in-

undated the town, so that only a few of the inhabitants

escaped. The harboiu- of Ganjam is commodious ; it

has five or six feet of water at neap tides, and nine or

ten in spring tides. Vessels are built here at a cheap

rate, and in great numbers. The finest muslins that are

made on the coast are manufactured at Ganjam. Pro-

visions are cheap, and there is plenty of corn and rice.

The town is much frequented by the merchants of
Bengal, and by the Armenians.

Ganjam is at present one of the five districts into

which the northern Circars are divided, and is the re-

sidence of a collector and judge. The fort, whick
stands on the southern side of the river, is a small pen-

tagon, on plain ground, and is capable of making a

considerable resistance when well garrisoned. Sugar
and jagary are cultivated in the neighbourhood ; but

the country north of the town is very low, and is in-

undated in the rainy season.

Between tlie 1st of May 1811, and the SOth of April

1812, the total value of imports at Ganjam, chiefly

from Calcutta, was 106,250 rupees, of which only b'ili

rupees was from places beyond the territories of the

Madras government. The total value of exports with-
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in the same periotJ, was 47 i,503 rupees, of which only

8553 rupees was to places beyond the Madrafi territo-

ries, viz. 3157 to Calcutta, and 5396 Arcot rupees to

ini'.aiiy Bay. Distwcefrom Calcutta 372 miles; from

ill IS (i50. East Long. 85= 1&' 15", North I.at. 19°

'J-^' M'', according to astronomical observations. See

Hamilton's Eait India Gazetteer ; Milburn's Oriental

Commerce ; and Peiichet's Diclionart/.

OAUD, tlie name of one of the departments of

France, in the province of Lan^fucdoc, formed out of

the dioceses of Alais, Uzei, and Xiraes. It is bounded
on the north by the department of .\rdeche, on the

west by those of Lozere, Aveyron, and Herault ; on

the south by the sea ; and on the east by those of the

Bouchcs du Rhone, and Vaucluse.

The territory of this department, though mountain-

ous, is very fertile. It contains many rich meadows,
and produces grain of all kinds, wines, olives, silk,

brandy, and coal. The wines of St Gilles have the

greatest reputation. It has also mines of copper, iron,

and other minerals. It is bounded by the Rhone on

one side, and is watered by the Gardon, which passes

below the Pont du Gard, a splendid specimen of Roman
architecture. It is an aqueduct bridge of 49 arches,

which crosses a valley not less than 160 feet deep. The
forests occupy from 47 to 48 thousand hectares, or about

93,000 acres. More than a third of them belong to in-

dividuals, the greater part of the remainder to the com-
munes, and the rest to the nation. The contributions

in the year 1 803, were 2,866,398 francs. The princi-

pal towns are
Population.

Nimes 39,300
Alais 8,947
Uzes 6,191
Le Vigan 3,848

The population of the department is 309,052. See
France, p. 676.

GARDENING is a very general term, being em-
ployed to signify both the lai/iiig-oiit of pleasure grounds,
and the cultivating of fruit-trees, culinary herbs, and
flowers. To the former branch belong the considera-

tion of the general aspect of the ground, and the capa-
bilities of the entire place, the improver often availing

himself of hills, rivers, or forests, beyond the boundaries
of the domain immediately under his power ; the situ-

ation and extent of woods, groves, and clumps ; the
general grouping of trees, ana the characteristics of the
different kinds ; likewise the management of ornamen-
tal water, either in the form of rivers or brooks, with
waterfalls and bridges ; or as lakes, with islands and
fountains; also of rocks and ruins; and, lastly, the man-
sion-house and offices, it being evident that the house
and the grounds must agree in character, or be mutu-
ally adapted to each other. To the latter belong the
formation and culture of the garden, properly so called,

including the cultivation of fruit-trees, as standards,
espaliers, or wall-trees, of kitchen vegetables, and of
ornamental plants, with a number of subordinate ope-
rations, such as the management of forcing-houses, hot-
bed frames, hot-houses, conservatories, and green-
liouses. The former branch is properly denominated
Lan DscACE-GABDENrNG, and the latter HonTicuLTURB

;

and under these titles we purpose to treat of them. The
raising of forest-trees in nurseries, and the general or-
dering of woods and copses, are subjects connected
with gardening, which shall receive due attention in a

subsequent part of our work. An account of the mode
of establishing orcharrls, and of managing them, with

descriptions of the best orchanj fruits, may be expected
^

under the word Orchahd.
G.\RMOUTH, or Garmacii, is a seaport town of

Scotland, in the county of Mor.iy, situated at the mouth
of the river .Spey. The houses are principally built of

clay, but the streets ;ire regular, nn<l the .ippearance of

the place is respectable. From the great raj)idity of

the Spey, the tide does not run above half a mile up
the river, and hence the harbour is ortert choked up by
the gravel which is brought down by the rapidity of

the Spey. At neap tides, the ordinary depth of water
is from 8 to 0\ feet. .Ships of 400 tons can enter and
leave the harbour without any inconvenience. The
principal trade of Garmouth consists of wood and sal-

mon. The wood, which is cut on the property of the

Duke of Gordon, Sir James Grant, and Mr Grant of
Rothiemurchus, are floated down the Spey in rafts to

a great extent, and is shipped at Garmouth, partly for

Hull, and partly for Deptford and Woolwich. The
wood, which is of the very best quality, is often cut

into planks where it grows. There are two sawmills

at Garmouth : One of these, driven by wind, works
about 40 saws ; and the other, which is impelled by
water, works from 30 to 36 saws. Vessels from 50 to

500 tons have been built here, entirely of homegrown
wood. Several sloops are employed in conveying sal-

mon to London during the fishing season. There is

a fall of 60 feet in the Spey, from Gordon Castle to

Garmouth. Inhabited houses 304. Population 1200.

West Long. 3°, North Lat. 57" 39'.

GARNET. See Mineralogy.
GARONNE, Higher, the name of a department of

France, in Languedoc, formed out of the dioceses of
Toulouse, Rieux, and Comminges. It is bounded on
the north by the department of the Lot, on the west
by those of Gers and the Higher Pyrenees, on the
.south by the Pyrenees, and on the east by the depart-

ments of Arriege, Aude, and Tarn.

The soil of this department is fertile in vines, grain?,

and pasturage ; and it contains large forests, with quar-
ries of marble and mineral springs. The river Garonne
passes through the very middle of the department. The
forests occupy 48,940 hectares, or about 95 or 96
thousand acres. Half of them belong to the communes,
and the rest to the nation. The contributions in 1803
we're 4,554,341 francs. The principal towns are

Population. .

Toulouse 50,171
Castel Sarazin 7,000
.St Gaudens 4,155
Muret 3,141
Villefranche 2,035

The populatibn of the whole department is 432,263.
See France, p. 676; and Toulouse.
GARRICK, Davio, the celebrated English come-

dian, was bom in the city of Hereford, and baptized on
'

the 20th of February 1716. His grandfather was a
French merchant, who, on the revocation of the edict

of Nantz, fled to England with other Protestants, and
settled in London. His father, Peter Garrick, obtained
a captain's commission in the army, and married a
daughter of the Rev. Mr Clough, one of the vicar.s in

Litchfield cathedral. Soon after that time, it appears

that Captain Garrick sold his commission, and retired

Gamimitli

Garnek.
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Carrick. to Litchfield on half-pay. At the age of ten, his son

'""^i''"^ Davkl was sent to the grammar-school, under the tui-

tion of Mr Hunter ; but he does not seem to have dis-

played any early disposition for study. He very soon,

however, discovered a turn for mimickry ; and imbib-

ed a relish for theatrical performances from the strol-

ling players who occasionally visited Litchfield. Ha-
ving engaged a set of his school-fellows to undertake

their several parts in a comedy, he exhibited the lie-

cruidng Officer before a select audience, in the year

1727. Garrick was then eleven years old; lie perform-

ed the chai'acter of Serjeant Kile, and is said to have

acquitted himself with great humour.
In the year 1729 or 1730, Garrick was sent out to

his uncle, a thriving wine-merchant at Lisbon ; but
being found too volatile for a coiuiting-iiouse, he re-

turned home in the following year. He was once

more placed under the care of Mr Hunter ; but his vi-

vacity was still superior to serious application. In

1735, the celebrated Samuel Johnson, a native of Litch-

field, fmnned the design of opening an academy for

classical education, in which he was encouraged by
jMr Gilbert Walmsley, register of the ecclesiastical

court, a gentleman of most respectable character and
attainments, and a generous patron of genius. Garrick,

at that time turned of eighteen, was, with several other

young men, consigned to the care of Johnson, and be-

gan to apply, with some diligence, to the study of the

classics. At the end of twelve months, however, the

master grew tired of his undertaking, and resolved to

abandon it altogether. Soon afterwards, Johnson and
Garrick, liaving become weary of the contracted sphere

of a country town, and desii"ous of trying their fortune

in a more extensive field, determined on an expedition

to the metropolis.

These two friends, who were destined to attain a
liigh degree of celebrity in their separate walks, ac-

cordingly set out from Litchfield on the 2d of March
1737, provided with letters of recommendation from
Mr Walmsley to Mr Colson, a celebrated mathemati-
cian, at that time master of the school at Rochester.

It was intended that Garrick should place himself un-
der the tuition of Mr Colson; but he seems to have
relinquished that intention upon his arrival in London.
On the 9th of March 1 737, he was entered a student of
Lincoln's Inn ; but the state of his finances did not en-
able him to pursue this profession. About the end of
that year, his uncle arrived from Lisbon, with the in-

tention of settling in London ; but his design was frus-

trated by a fit of illness, which in a short time put an
end to his life. He left his nephew David ,£1000;
and upon this event, Garrick repaired to Rochester,
and remsined several months under the tuition of Mr
Colson. During his stay at Rochester, his father died
of a lingering illness ; and his mother did not survive
her husband above a year. Garrick now took his leave
of Mr Colson, and returned to the metropolis. His
eldest brother, Peter, had commenced business as a
wine-merchant, and in 1738 David was induced to en-
ter into partnership with him. This gave occasion to
the saying of the facetious Samuel Foote, " that he re-
membered Garrick living in Durham-yard, with three
quarts of vinegar in the cellar, calling himself a wine-
merchant." it is certain, however, that his business
was upon a scale rather more extensive ; and his situa-
tion, in the neighbourhood of the two play-houses,
gave him an opportunity of becoming acquainted with
the actors of the time, and confirmed his previous in-
clination for the theatrical profession.

To that career Garrick now determined to devote
himself; and the low state of the stage, at this period,

""

seemed to present ample scope for the exercise of his

genius. Quin and Mackliii were the tinly male per-

formers of distinguished reputation, and even their ex-

cellence was confined within the limits of a few parti-

cular characters. Mrs Pritchard, Mrs Woffington, and
Mrs Clive shone in comedy. But with these few ex-

ceptions, truth and nature seemed to l^e banished from
scenic representation. Comedy was reduced to mere
farce and buffoonery ; while in tragedy, violent rant

and whining declamation were deemed the only just

expression of passion and sentiment, Garrick percei-

ved these defects in the style of theatrical exhibition;

but he flattered himself that he should be able to re«
vive a better taste, and to succeed by the truth of imi-

tation. In the beginning of the year 174iO, he dissolved

partnership with his brother, and passed the remainder
of the year in preparation for his great design ; study-
ing, with all his attention, the best characters of Shake-
speare, and of our most esteemed comic writers. Ha-
ving consulted his friend Mr Giffard, who was mana-
ger of the theatre in Goodman's Fields, he determined,

by his advice, to make an experiment of himself at a
country theatre. Accordingly, they both set out for

Ipswich, where, in the summer oif 1741, there was a

regular company of comedians. Garrick's diffidence

was still so great, that he assumed the name of Lyddal;
and to prevent every chance of discovery, he chose,

for his first appearance, the cliaracter of Aboan in the

tragedy of Oroonoko. His reception, however, was
such, that, in a few days, he ventured to throw off his

black complexion, and shew himself in the part of
Chamont in the Orphan. He afterwards displayed his

powers in comedy, and with the same success. Not
only the inhabitants of the town, but the gentlemen
all round the country, went in crowds to see the new
performer ; and thus Ipswich had the honour of having
first discovered and patronised the genius of a young
actor, who soon afterwai-ds became the brilliant orna-

ment of the English stage, and the first comedian of

the age in which he lived.

Garrick returned to town before the end of tlie sum-
mer, and resolved, in the course of the following winter,

to present himself before a London audience. With tliis

view he offered his services, fii-st to Fleetwood, and af-

terwards to Rich, the managers of Drury Lane and Co-
vent Garden ; but was rejected by both. He then ap-

plied to his friend Giffard, and agreed to act under his

management, at a salary of five pouixls a week. The
part he chose for his first appearance in the metropolis

was that of Richard III. which he peribrmed at Good-
man's Fields, on the i9th of October n^l, in a style

so new, so natural, and so impressive, aa secured for him
a most abundant harvest of applause. His fame quick-

ly spread over tlie metropolis ; and the public rushed

in crowds to see a young performer, who burst forth at

once a complete master of his art. The most eleg^Hi

company flocked to Goodman's Fields ; the celebrated

Mr Pope was drawn from bis retreat at Twickenham ,*

and Lord Orrery is reported to have been so much
struck with the performance, that he said, " I am afraid

the young man will be spoiletl, for he will have no
competitor." In the course of the season, Garrick ap-

peared in a variety of characters ; in Lothario, Cha-
moid, Sharp in his own farce of the Lying Valet, Lord
Foppington, Captain Plume, and Baizes in the Rehear-

sal. In this last character, he «eis«d the opportunity

of making keen and powerful strictures on the prevail-
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in^ tafite in drarnntic composition ; and availed himself
of his wonderful powers ofmimickryin taking off the
most eminent performers of riie time.

The unparal1ele<l Rtiooess which had hitherto attend.
«1 all his efforts, inthiced Oarrick to attempt a nobler
flight, and to aspire to the first character in tragedy, by
rqirosentinR the <lifficult part of King I^enr. Never
was his genius more conspicuously displnyed, than in
his portraiture of the madness of that unfortunate mo-
narch ; it was, perhaps, the most accurate and impres-
sive imitation of nature that was ever exhibited to the
view of a theatrical audience. With that wonderful
versatility ofpowers, for which he was so eminently dis-
tinguished, he <lescende(l from that first character in
tragedy, to the farcical part of Jftel Drugger, and re-
presented the tobacco boy in tfie truest style of comic
humour. Hogarth, the famous painter, saw him in
Richnrd III., ami on the following night in Ahel Drug,
gfr ; he was so stiuc<k with the various powers of the
perfonner, t^iat he said to Garrick, " You are in your
element, when you are begrimed with dirt, or up to
yonr elbows in blood."

Meanwhile the theatres of Drury-Lane and Covent-
Gardeii were almost deserted ; and the actors beheld
with jealousy the ra)iid and un])rece«lented success of
the new performer. Quin said, in his sarcastic manner,
" This is the wonder of a day ; Garrick is a new reli-
gion ; the people follow him as another Whitfield, but
they will soon return to church again." The joke
was relished, and so>^ > spread through the town. Gar-
rick thought it required an answer, and replied in the
following epigram.—

m

Popi Quin, who damns all churches but his own,
'^njplalns that heresy infests the town ;

That WiiiTriEiD Garhick has misled the age.
And taints the sound religion of the stage ;

He says, that schism has lurn'd the nation's brain,
Bdt eyes will open, and to church again.
Thou Grako Infaixible ! forbear to roar.
Thy bulls and errors are revered no more.
When doctrines meet with general approbation.
It is not Heresy, but Reformition.

Vbout this time, Garrick produced the farce of Letfie,m which he acted three different characters ; and in
the month of May 1741, he closed the season at Good-
man's Fields, after a career of tlie most brilliatit success.
In the beginning of June he repaired to Ireland, iii

consequence of proposals on the part of the managers
of the Dublin tiieatre, inviting him to perform with
them during the summer months. He there perform-
ed his various comic and tragic chai-acters to astonish-
ed and delighted audiences, and received the same ap-
plause that had been bestowed upon liim in London.
Towards tlie beginning of August he returned to Eng-
land. °

Garrick's reputation, as an actor of first rate excel-
lence, was row completely establishefl ; in so much
that Fleetwooil, the manager of Drury Lane, now soli-
cited those services which he had formerly rejected with
disdani. He accordingly opened a negociation with
(.arrick

; and the treaty was soon concluded on a sala-
ry of 4500, which was more than had ever been given
before. Garrick continued to perform at Drury Lane
dunng three successive seasons, gradually augmenting
his list of characters, l^ reviving the masterpieces of
mrr great dramatic poet Shakespeare. Hamlet, Mac
M/i, King JoliH, and Othelh, were successively brought
lorwM-d, and exhibited in a style of varied excellence,
tvhich no actor before his time had been able to attain.

Among the numerous merits of Garrick, it ought not
to be reckoned the least, that by the correctness of his
taste, and the charms of his acting, he contributed to
restore our old standard plays to their just rank on the
stage, and excited a relish in the public for the Wfjrks of
that great author, whose sublime conceptions of cha-
racter; and profound knowledge of the most minute
sprmgs of human action, have elevated him to the high-
est seat among ancient and modem poets.

Towards the end of the year 1 74.6, Garrick went over
to Ireland, having received an invitation from Sheri-
dan to be joint manager of the Dublin theatre for the
season. On his return to England, in May 1746, he
was offered advantageous terms by Rich, the manager
of Covent Garden, who proposed, as a further induce-
ment, to open h-s play-house, which was then shut,
for SIX nights, upon an equal share of the profits. Gar-
rick accepted, and played his capital parts with great
success. He was also engaged for the ensuing season
at the same theatre. Early in January 1747, he pro-
duced his farce of Miss in her Teen.s, which was ex-
tremely well received, and when, in the course of thi3
season, Dr Hoadley's excellent come<ly of the Suspici-
ous Husband was brought forward, Garrick provided
the prologue and epilogue.
The following season, Garrick attained the great ob-

ject of his wishes, by becoming joint-patentee with Mr
Lacy of the Drury-I,ane theatre. At the opening of
the theatre, on the 20th September 1747, he spoke an
occasional prologue, written by his friend Dr Johnson,
in a style superior to every thing ofthe kind in the Eng-
lish language, if we except, perhaps. Pope's prorogue to
the tragedy of Cato. During several years, Garrick
continued to devote himself, with unremitting zeal and
assiduity, to the concerns of the theatre, bringing for-
ward new productions of merit, reviving the neglected
plays of Shakespeare, Otway, and our best dramatic
writers, occasionally diversifying the mode of entertain-
ment by the exhibition of pantomimes, and continually
delighting the public by the display of his own great
powers. In the month of July I749, Garrick entered
on a new scene of life, by maiTying the fair Violetti, a
native of Vienna, who had chosen to adopt an Italian
name. She had an elegant figure, and was much ad-
mired as a dancer. She was patronized by Lord and
Lady Burlington, who, it was generally understood,
gave her a fortune of six thousand pounds. Iii the
summer of 1 763, he formed a design to visit tlie conti-
nent, having been told by his physicians that he stoodm need of air and exercise, and that Mrs Garrick's
health would receive benefit from the waters of Barrege.
Accordingly, he set out for Dover on the 15th Sep-
tember, leaving his brother George, as his substitute, to
act for him in concert with Mr I^cy. During his ab-
sence, the affairs of the theatre continued to be manageil
with considerable profit; but the public longed tor the
return of their favourite performer. Garrick and his
lady arrived in London about the end of April 1765.
l"he news was announced in the papers, and was re-
ceived with joy by the town. He did not act, how-
ever, during the remainder of tiie season, whicli ended,
as usual, in the month of June. On the 1 4th of Novem-
ber 1765, his majesty, after opening the session of par-
liament, commanded, for his evening entertainment,
the com«ly of Much ado about Nothing. This called
forth Gan-ick from his retreat. He came prqjared
with an address to th* audience, ami was received witJi
loud occlamations ofjoy and approbation. From this
period he continued to appear occasionally in his best

Oarrick.
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CanU-k. cliai-dcters, and to conduct the affairs of the theatre with

""^r""^ the same spirit and success as he had Ibi-merly done.

In the month of March 1 TTS, Gai-rick lost an able

coadjutor by the death of Mr Lacy, the joint-patentee

of Drury-Lane. The whole liurden of management
now fell upon him, at a time when his infirmities ren-

dered him unequal to the task. He therefore appeared

as seldom as possible in the laborious parts of tragedy ;

but still continued to perform his favourite comic cha-

racters. In the beginning of the year 1776, he formed

the resolution of retiring from the stage, and this in-

' tention was first intimated to the public in the prologue

which he wrote to Mr Colman's farce, called Ihc Spleen,

or Islinglon Spaw. After describing a tradesman, who
quits his business to enjoy the air of Islington, he

adds.

The master of this shop too seeks repose,

Sells off his stock in trade, his verse and prose.

His daggers, buskins, thunder, lightning, and old clotlics.

On the 10th of June, he made his last public appear-

ance. For some time he proposed to finish his theatrical

career with the part in which he at first set out ; but

he thought that after the fatigue of so laborious a cha-

racter as that of lUchard III. it would be out of bis

power to utter a farewell address to the audience, and

Ije therefore chose the part of Don Felix in the comedy
of the Wonder. The profits of the night were assigned

to the fund for the relief of those who should be obli-

ged by their infirmities to retire from the stage. After

the play he came forward and addressed the audience

in a few words, which he uttered in a manner that suf-

ficiently mdicated the feelings which agitated his mind.

He then bowed respectfullj' to all parts of the house,

and in a slow pace, and with much hesitation, with-

«lrew forever from the scene of his well-earned fame,

amidst the regret of all those who knew how to appre-

ciate his unrivalled genius.

Garrick now retired to his villa at Hampton, resol-

ved to pass the evening of his life in peace and rural

tranquillity. Here he enjoyed the occasional society

ofa numerous circle of friends. He lived in an elegant

style, and to the luxuries of the table added the charms

of his conversation, and the polished manners of one

wlio had enjoyed the best company. During the

year 1778, his former complaints returned with in-

creased violence. But his coarage had not deserted

him ; and he endeavoured to conceal his sufferings by
assuming an air of gaiety. He was invited to pass the

Christmas of that year at. Altrop Park, the seat of Earl

Spencer, in Northamptonshire ; but his enjoyment of

that party was soon interrupted by a violent attack of

his inveterate disorder. He arrived at his house in

tlie Adelphi on tlie 15th of January 1779. Medical

aid was found to be in vain. During the last four or

five days he suffered excruciating pain with great for-

titude, and on the 20th of January, at eight in the

morning, he expired without a groan. On the 1st of

February his remains were conveyed from the Adelphi

to Westminster Abbey, and deposited in Poets' Corner,

near the monument of Shakespeare. The funeral was
magnificent ; it was attended by many noblemen and
gentlemen of rank and fashion, and by almost all the
admirers of polite literature. The train of carriages

reached from Charing-Cross to the Abbey. A prodi-

gious concourse of people lined the way, and by their

mournful silence gave the most evident demonstration
•f their sorrow. A handsome monument was erected

to the memory of Garrick by the late Mr Albany Wal-
Ji8, at his own expence.

3

Garriek's stature did not rise above the midtlie sine; Gatrn>

his frame was delicate; his limbs well proportionetl,;

his countenance animated ; his voice clear, flexible, and
melodious ; and liis eyes were remarkably keen and pe-

netrating. In private life he was greatly esteemed for

his amiable dispositions, as well as on account of his

various accomplishments and agreeable manners. He
liad a fine flow of animal spirits, and a great share of

wit and humour ; he delighted in polite and liberal

conversation, but generally avoided the discussion of

political topics. In the outset of life, when his mean?
were slender, he was a strict observ'er of economy, and
his enemies gave it the name of avarice ; but as soon

as his circumstances would afford it, he was distin-

guished by hospitality and munificence. He loved his

friends, and his purse was often at their service. To
merit in distress his benevolence was sure to be ex-

tende<l. Dr Johnson has been often heard to say, that

wjien he saw a worthy family in distress, it was his

custom to collect charity among such of his friends as

he knew to be in a state of affluence ; and, on those

occasions, he received from Garrick more than from

any other person, and always more than he expected.

He was tremblingly alive to his professional reputa-

tion, and his anxiety upon this subject sometimes be-

trayed him into strange revolutions of temper. How-
ever, he had a quick discernment of merit in others,

and was ever ready to acknowledge and reward it.

As an actor, Garrick burst forth at once in a style of

unrivalled excellence, and continued, during the whole

course of his career, to stand at the very summit of his

profession. It is impossible for us to convey a just no-

tion of the striking effects of his performance, or to do
justice to his various merit. Those traits of excellence,

by which an actor draws forth the admiration of his

contemporaries, are unsubstantial and evanescent ; and

lease nothing behind from which an adequate judge-

ment can be formed by posterity. As Mr Sheridan

has said, in the language alike of truth and of poetry,—

•' The grace of action, the adapted mien.

Faithful as nature to the varied scene ;

Th' expressive glance, vvliose subtle comment draws

Entranc'd attention, and a mute applause ;

Gesture that marks, with force and feeling fraught,

A sense in silence, and a will in thought;

Harmonious speech, whose pure and liquid tone

Gives verse a muoic, scarce confess'd its own ;

As light from gems assumes a brighter ray.

And, deck'd with orient hues, transcends the day !

Passions wild break, and frown that awes the sense,

And ev'ry charm of gentler eloquence,

All jierishable !—like the electric fire.

But strike the frame, and, as they strike, expire

;

Incense too pure n bodied flame to bear.

Its fragrance charms the sense, and blends with air."

Mvnody to the Memon/ of Garnet.

We are therefore left to form a faint idea of his ta-

lents, from the testimony of those who were eye-wit-

nesses of his performance. To a quick and just con-

ception of the peculiarities of every character, he added

a wonderful power of adapting his looks and gestm-es

to the circumstances and situation of the person repre-

sented. If we may be allowed the expression, his very

silence spoke ; his countenance was itself a langu.ige.

Before he uttered a single word, the varying passions

visibly began to work, and wrought such rapid changes

in his features, in his action, his attitudes, and the ex-

pression of his eye, that he was almost every moment
a new man. His talents were versatile as they were

powerfuj ; and he was equally sure of attaining liis eft;-
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iteng ject, whether his aim was to excite terror or pity, or

to raise laughter. It was one great excellence of his

acting, that he constantly held in remembrance the
""

character he i)layed, throughout all its various stages.

No situation of it whatever was neglected ; nor was he

ever, for a moment, inattentive to the business before

him. By his extreme earnestness to appear always

what he ought to be, he obtained complete possession

of his audience, and roused them to a correspondent

approbation of his action.

As an author, Garrick has displayed no contemptible

powers. He was not, indeed, an author by profession ;

the duties of his situation engrossed too much of his

time to permit him to apply regularly to literary com-
position. But the comedy of The Clandestine Mar-
riage, his farces, and poetical pieces, sufficiently shew
that he wanted leisure, rather than wit or genius, to

have enabled him to produce works of greater value.

See Davies' Memoirs of the Life of Garrick; and The

Life of Garrick, by Murphy, (z)

GARSTANG, is a market and corporate town of

England in Lancashire, situated in the hundred of

Amounderness, on the great west road from Edinburgh

to London. It stands on the western bank of the river

Wyer, which runs parallel to the east side of the princi-

pal street, supplying the town with excellent water and
fish of different kinds.

The town, which is irregularly built, contains a few
good houses. The church is a large CJothic structure,

which stands about a mile to the south of the town. It

possesses no manufactory ; but there are several in the

neighbourhood, viz. a printing cotton and calico manu-
factory at Catteral, and spinning manufactories at Sea-

ton, Dolphinholm, and Catston. Number ofhouses 62.

Population 731. See Beauties of England and Wales,

vol. ix. p. 1 13.

GARTER, Order op the, is a military order, which
was instituted in 1341- by King Edward III. under the

title of " Sovereign and Knight's Companions of the

most noble order of the Garter.'' See Heraldry'.
GARTH, Sir Samuel, an English poet and physi-

cian, was descended of a good family in Yorkshire, and
received his academical education at Peterhouse Col-

lege, Cambridge, where he took his degree of Doctor of
Medicine on the 7th July 1691.

On the 26th June 1 692, he was admitted a fellow of the
College of Physicians; and in 1694', he published his

Dispensary, a mock heroic poem, in which he ridiculed

the company ofapothecaries, and some of the members of

the College of Physicians, who had opposed the esta-

blishment of a dispensary, for supplying the poor with
medicines and gratuitous advice. The " Dispensary,"

which is an obvious imitation of Boileau's Lutrin, went
through three editions, and after receiving successive

improvements from the hands of the author, it has en-
rolled his name in the second class of British poets. In

1697, Gartli pronounced the Harveian oration before

the College of Physicians. It was immediately pub-
lished, and was regarded as a good specimen of oratory.

Dr Garth pronounced a Latin eloge over the remains of
Dryden. He addressed some complimentary verses to

Lord Goilolphin, on his dismissal in 1710. He lamented,
in a complimentary poem, the exile ofthe Duke of Marl-
borough ; and in 1711 he displayed his attachment to

the family of Hanover, by the dedication of an intend-

ed edition of Lucretius to the Elector, afterwards
George I. The gratitude of this prince was shewn upon
his accession to the throne, by conferring the honour of
knighthood upon Garth, whkh was done by the sword

TOL. X. PART I.

of the Duke of Marlborough. Soon afterwards he was 8«nim,

appointed physician in ordinary to the king, and physi- P" L ight*.

cian-general to the army ; but he did not long enjoy these '^nr""^
distinguished honours. After a short illness, he died
in January 1719, and was interred at Harrow in Mid-
dlesex, on the 22d of that month.
GARUM, is a name which has been applied by me-

dical writers to a pickle, in which fish had been pre-

served. The garum of the ancients was greatly es-

teemed as a delicacy at their tables.

GAS, is a name which was given by Van Helmontto
aeriform or elastic fluids. See Chemistry, p. 99, and
Gases.
GAS Li(3HTS, is the name given to the artificiallight

protlucfd by the combustion of inflammable gases, ob-
tained from the destructive distillation of pit-coal, and
several other combustible bodies.

The late Mr W. Nicholson has very properly ob-
served, that during the combustion of oil, tallow, wax,
&c. in producing light, the same change takes place

among their respective elements which would have been
pro{iuce«l by subjecting them to destructive distillation,

tlif inflanmiable gas being the substance furnishing the
light which they afford. The only difference, therefore,

between the light of candles, lamps, &c. and the gas
lights, is, tliat in the former the decomposition of the
substance, and the consequent evolution of the inflam-

mable gas, is effected by its own heat. In the gas
lights, the decomposition is effected in a close vessel by
a separate fire ; and the gas given out, after being
washed, is conducted to a reservoir, from whence it is

drawn through small apertures, where it is set on fire.

In candles and lamps, the inflammable gas, which is

the source of the light, is more or less accompanied
with smoke, which, if not burnt, produces a cloudy
yellow flame. In the Argand lamp, where the supply
of oxygen is great, the smoke is burnt, which of itself

furnishes some light ; but the brilliant light is more to

be attributed to the purity of the inflammable gas after

the cloudy matter is removed.
All substances, whether animal, vegetable, or mine-

ral, consisting of such proportions of hydrogen and
carbon as to furnish the inflamniable gases, are capable
of furnishing artificial light by decomposition. The
gases produced in the operation are carburetted hydro-
gen, olefiant gas, and in some cases carbonic oxide
and pure hydrogen.
We are indebted to Dr Henry for some valuable facts Bodies

derived from his experiments, upon several bodies af- which afford

fording inflammable gas by destructive distillation. The the inflam-

following is a small Table from his paper, exhibiting mable gases

the relative value of the gases from different substances
J*.^. ^![^

in producing light.
tj^*.

100 Measures of

Requires of

oxj'gen for its

ooDsiunption

Producing
of carbonic

acid

Pure hydrogen gas

Gas by heating moist charcoal

from dried peat

from oak wood
from cannel coal ....
from lamp oil

from wax
Pure olefiant gas

50
60

• 68
.54

170
190
220
284

' 35*

43
33

100
124
137

179

It is found, as we should naturally infer, that the
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Giu Lights, quantity of light furnished is as the quantity of oxygen
^""'V'""^ required to consume the gas. Tlie carbonic oxide, which

is already half saturated witli oxygen, produces the
least light, while the defiant gas, as will be observed
in the Table, requires the most. The gas from moist
charcoal contains about 78 per cent, by weight of car-

bonic oxide, tiie rest being principally hydrogen. On
this calculation, the specific gravity of this gas comes
out 6, hydrogen being 1. Its specific gravity by ex-
periment, acceding to Cruickshank, is 5.4. Those from
oak-wood and dried peat probably differ but little from
the latter. This, however, might be ascertained near-
ly, if we knew their specific gravities. The gas from
cannel coal, when purified in the manner hereafter to be
directed, consists almost wholly of carburetted hydro-
gen. Its specific gravity, derived by calculation from
Dr Henry's table, is 6.5. Carburetted hydrogen, on
the authority of Mr Dalton, is 7-5, hydrogen being 1.

If Dr Henry's experiment be correct, and 7.5 be the
true specific gravity of carburetted hydrogen, then the
cannel coal gas must contain free hydrogen, from its

specific gravity being less than that of carburetted hy-
drogen. The carbonic oxide, sulphuretted hydrogen,
and sulphurous acid, which the coal gas will contain,
if not purified, would contribute to increase the speci-
fic gravity.

defiant gas produces the most brilliant light of any
other gas, wliich is to be attributed to its consisting en-
tirely of hydrogen and carbon, and its great specific

gravity. The gases, fi-om the distillation of lamp oil

and wax, in the way the coal is distilled, will be seen
in the table to exceed the coal gas ; and tliat from wax
nearly approaches the olefiant gas in the consumption
of oxygen, and in the property of producing light. The
.substances, however, affording olefiant gas are too ex-
pensive to be applied to the production of light by the
process used for obtaining coal gas.

When the Lavoiserian theory was first advanced, it

was generally thought that the light .md heat were fur-

nished by the oxygen : hence, whatever might be the
combustible body, the greatest light and heat would be
produced, the greater the quantity of oxygen which
entered into combination in a given time ; and the in-

tensity inversely as the space in which the combustion
took place. It has since been held, and with good rea-
son, that the inflammable body also contributes light
and heat.

X There does not appear to be any just theory of the
production of light and heat by combustion, but that
founded on tlie change of specific heat between the ma-
terials of combustion and the body resulting from the
combustion. We cannot, however, expect to derive
much practical benefit from such a theory, till we are in
possession ofa correct table of the specific heat of bodies.

Since chemists are sufficiently acquainted with four
inflammable gases to obtain them in a state of purity,
namely, hydrogen, carburetted hydrogen, carbonic
oxide, and olefiant gas, we might, by a few experi-
ments, get some idea of the relative quantities of light
Jifforded by carbon and hydrogen. If we suppose
these gases to consist of pure hydrogen, and still re-
taining their respective densities, then the intensity and
quantity of light would be directly as then- densities.
In as much, therefore, as their light differs from the ra-
tios of their densities, may be attributed the relative
quantities of light aiforded by the bodies ofwhich they
are composed.

Two small gazometers will be necessary for these

experiments, the one to contain hydrogen gas, and the Gas Llg!

other the inflammable gas to be compared with it. Let ^"""v^
the pressure of each be exactly the same, and let the Method

.

gas from each pass through exactly the same sized aper- mcasurit

ture, at the time it is burnt. The flames must now be '^^ '"""

compared with each other, by making shadows in
]^;'",^f,"/^

them fall upon a white surface ; then remove the strong-

est light backward, till the shadows are of the same in-

tensity. The squares of the distances of the flames,

from their respective shadows, will express the ratio of
the illuminating powers of the two flames. It) for in-

stance, hydrogen were compared with olefiant gas, and
if the carbon of the latter gas contributed as much to

the illumination as the hydrogen, then the ratio of the
squares of the distances ofthe flames from the shadows
when the shadows were of the same intensity, would
be as 1 to 11.85. If, however, the flame ofthe olefiant

gas will not require to be shitled so far back, in order
to make the shadows equal, then it will show that the
carbon of this gas has not afforded the same light as so
much hydrogen would have done. If now the compa-
rison be made between hydrogen and carburetted hy-
drogen, the ratio of the squares of the distances, if the
latter gas were all hydrogen, would be as 1 to 7.5. But
the distance of the flame of the carburetted hydrogen
gas will probably fall short of the t/1.6, owing to the
carbon it contains ; but it contains a less proportion of
carbon on the whole than olefiant gas, and therefore

ought to produce more light, in proportion to its den-
sity, than olefiant gas. In these instances we have pre-
sumed, and with good ground, that a given weight of
hydrogen, in its combination with oxygen, afforils more
light and heat than any other inflammable body. In
these and all other instances of combustion, the absolute

quantity of light and heat will be the same, whatever
may be the density of the combustible body and the
oxygen ; but the intensity may be much increased by
diminishing the time of burning the same quantity of
matter, and the space in which the combustion takes

place. Hence we accumulate light and heat by means
of bellows, and other means of furnishing oxygen, with
great facility. We should also get a proportionate ef-

feet by increasing the density ofthe oxygen. If hydro-
gen and oxygen were increased in their density by arti-

ficial pressure, and presented to each other for combus-
tion, the intensity of the light and heat would be in the
complicate ratio of their increased density. If each
were compressed into half the space, then the effect of
their combustion would be four times the intensity of
that in their natural state. In this way much greater

intensity of both light and heat may be produced than

we have hitherto heard of. The carburetted hydrogen
would much exceed olefiant gas in producing light, if

its density were equal to the latter gas, because it con-

tains more hydrogen than olefiant gas. And if pure
hydrogen were of the density of olefiant gas, the inten-

sity of its light would be nearly twelve times greater

than when burnt in its ordinary state, and it would be
to olefiant gas as about 7 to 3.

Cannel coal, and the most bituminous of the New-
castle coal, and many others in the country, when ex-

posed to distillation at a red heat, furnish several gase-

ous products, the principal part of which is the carbu-

retted hydrogen, a quantity of tar, and an aqueous

fluid charged with carbonate of ammonia. The sepa-

ration of the carburetted hydrogen, which when pure

burns with great brightness, and without smell, is now
effected with great success, on tlie largest scale, and the
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. other products, part of whiA have only been applied

to useful purposes, will in time find beneficial sources

of consumption.
We shall decline entering minutely into the history

of the discovery and progress of the art of lighting with

gas. With respect to the discovery, it would be diffi-

cult to fix any period to it, or with justice to give it to

any particular person. Dr Hales and others, among
their numerous experiments in obtaining gases from

different bodies by heat, cannot have failed to witness

the perseverance of their inflammability.

An account will be found in the Philosophical Trans-

actions, vol. xli. ofsome experiments upon the distillation

of coal by Dr Clayton. He collected the gas in blad-

ders, and burnt it. In Lord Dundonald's attempts to

extract tar from coal, the gas evolved at the time was
fired. It is singular to remark, that coal is now distil-

led for its gas and coak, the tar being of no value ; and
that this invaluable substance should have been the on-

ly thing which his Lordship sought for. We do not

near of any attempt to apply the coal gas to the econo-

my of producing artificial light, before the experiments

of Mr Murdoch, made at Redruth, in Cornwall. He
distilled coal and other inflammable bodies from an iron

retort, conveyed the gas to a distance through tinned

copper pipes, and burned it as it escaped through small

apertures. These experiments were made in the year

1792. After leaving Cornwall, he resumed his experi-

ments at Old Cumnock, in Ayrshire, in 1 796, where he
exhibited the new phenomena to numerous friends. He
after this, in 1798, went to the Soho Foundery, where
he constructed an apparatus for lighting the building,

in which he made some improvements in the means of
purifying the gas, to get rid of the smell. In the spring

of 1 802, on the event of the general peace, he made a
grand display of these new lights at the Soho works,
which excited much curiosity.

Although Mr Murdoch was certainly not the first

observer of the inflammability of the coal gas, he may
lay just claim to the application of it to economical pur-
poses; and doubtless first pointed out the pi-actical

means of bringing it into use. The manufactory of
Messrs Lee and Philips of Manchester was lighted with
gas, under the direction of Mr Murdoch, as early as

1805, which, in the present state of gas lighting, is con-
sidered as very complete. At that period Mr Lee had
his house lighted with the gas.

Mr Clegg, late of Manchester, and originally with
Boulton and Watt of Soho, has given much attention to

the subject of gas lights, and has contributed many
useful improvements in the apparatus used for })repa-
ring it. He has given a description, with the aid of a
drawing of a gas apparatus, to the Society for the en-
couragement of Arts and Manufactures, which is pub-
lished in their transactions for 1808. Tliis apparatus,
with some few improvements, is at present considered
the best. As we shall describe one embracing several
improvements upon Mr Clegg's, it will not, in this limit-
ed article, be possible to give a copy of his in addition.

The apparatus generally consists of an iron retort of
a cylindrical form, its length being from seven to eight
times its diameter. It has an opening at one end,
which can be closed by a lid with a conical edge, and
pushed up to its place by a catch or wedge, the re-
tort is placetl horizonUlly in a furnace, which allows
the flame to pass under it in the direction of its length,
and over it on its return, after which it enters the chim-
ney.

Tl»e fire should be so intense as to be capable of heat-

ing the retort to a bright red heat, and of keeping it up Gm Lighu.

nt the same time ; but should not be capable of heating — »
—

'

it very hot, as the retort itself might be melted, or at

least much injured, and the gas less perfect.

At some distance from the mouth of the retort, which nescripfion

projects a little way beyond the brick work in front, "''^•K"

a pipe ascends from the upper side, and at right angles
jam^*'"''*'

to the length of the retort. Through this the gas

escapes, ascending first, and then the pipe turning, it

descends into a wide pipe, placed in a horizontal posi-

tion. This last is called the condenser. From the end
of this pipe, an inclining pipe proceeds which conveys

the gas, and also the tar, after it has accumulated in the

condenser, till this last admits it to run off. The gas

and tar now proceed together, the former occupying

the upper half of a longitudinal section of the pipe, and
the latter the lower half The tar is at length deposit-

ed in a vessel, from whence it can be drawn at plea-

sure. The gas first ascends from the pipe in which it

was accompanied by the tar, and then descends into a

vessel containing a mixture of lime and water, by which
it is purified. It then passes into an apparatus called a

Gazometer. This consists of an outer vessel filled with

water. A second vessel, less in diameter, is inverted

and immersed into the first. If the common air be al-

lowed to escape from the inner vessel, it will freely de-

scend, and water will occupy the place of the air. If

now the source for the escape of air be stopped, and
the inner vessel counterpoised by a weight, the inflam-

mable gas, purified as above, may be admitted under the

inner vessel, which will ascend to make room for the gas.

The suspended vessel is a little heavier than the weight,

so that if the force of the entering gas were withdrawn,

and an opening made to permit the air to escape, the

vessel would descend. This apparatus is not only a re-

servoir for the gas while its production is going on, but

it serves to force out the gas to be burnt, with a gra-

dual and uniform pressure, which gives steadiness to

the flame. The gas is set on fire when it is escaping

through one or more small apertures, about one-thirtieth

of an inch in diameter. These are sometimes disposed

in a circle, about the size of the circular wick of the

Argand lamp, and hence have been called Argand burn-

ers. A glass is placed over them, similar to the Ar-
gand lamp. The gas tube sometimes terminates in a sphe-

rical head, perforated with different numbers of holes.

Before we proceed to enter into any particulars rela-

tive to the practice of gas lights, we shall give a more
minute description of the apparatus, in reference to

the Plate. Fig. 1. Plate CCLXIV. is a plan and sec- Plate
tion of the furnace containing the retort. The latter is CCLXiV»
seen to more advantage in the perspective view. In f'g- '•

Fig. A, eee are projecting pieces marked similarly in Fig. a, B,

Fig. 1, for the retort to rest in a horizontal position : C.

p is the place where the two parts of the retort are

screwed together. The front part contains two ears 1 1.

Fig. B is the lid or cover, having a conical edge,

which fits the mouth of the retort, and is forced into

its place by a wedge Fig. C, which passes through two
holes in the ears t I ; s is a pipe, with a plunge to re-

ceive the pipe n, (Fig. 2.) being east with the front part
pjg. j_

of the retort. The fire-place is shewn at m (Fig. 2.), d is

the door, g the grate, A the ash-pit, andy the flue. The
flame first passes along the flue under the retort, where
it reaches r, and rises to the upper side of the retort,

and passes, in the direction of the returning darts, into

the chimney C. The separation of the lower half of

the flue from the upper is seen in Fig. 3. ntj'/; b b are I'ig. 3.

long fire-bricks, which separate the nre place from the

1
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Plate
CCLXIV,
Fig. 7.

Fig. 6.

»ig. 1.

r.as Lights, bottom ofthe retort ; this prevents the immediate ac-
^"""y^

tion of the flame upon the retort, which would soon

destroy it. The retort, notwithstanding this apparent

power, ultimately receives the whole of the heat with-

out being liable to oxidation. When the retort is

charged, and the lid secured, the gas and the other vo-

latile pr' 'Cts rise through the pipes s and n, and enter

the largt 5 c, which is called the condenser ; see

Fig. 7. ly^ortmn of the tar, &c. condenses in this ves-

sel, till it rises to the level of the pipe i, along which
the gas and tar descend through a succession of pipes,

passing round the inside of the vessel AB, which is filled

with cold water. This vessel is square, so that the

pipes passing along its sides are of equal length. They
are so inclined to tiie horizon, as to come to the point v

when they have passed quite round tJie vessel. The
pipe V X now brings it out at the point x. This pipe

continues its direction into the vessel. Fig. 6. which can-

not be seen in the profile. Fig. 7. The gaseous jiro-

ducts rise up the pipe h, Fig. 7, and then descending,

terminates in the vessel L ; the plan of which is Fig.

5. The tar and ammoniacal liquor condense in the ves-

sel. Fig. 6. which is called the tar vessel. It is made
perfectly air tight, and its contents are drawn off at

an aperture on a level with tlie bottom, so that no air

can escape till the whole of the liquid is discharged.

We now return to the gaseous products, which en-

ter the vessel L ; and in order the better to see how
they are dispossed of, it will first be necessai-y to de-

scribe its office. The vessel in Fig. 7. is a reser-

voir to contain a mixture of lime and water, for the

purpose of supplying the vessel L. The vessel m is

of a limited depth, in order just to supply the vessel

L to a certain height. The transfer from m to L is made
by means of the pipe p, by drawing out the plug s. As
soon as the vessel L has received its proper quantity, the
plug is replaced. The gas enters at o. The lime water,
which now stands at the level of the top of the vessel

m, is pressed down to the point d. The same quantity,

rising along the passage d efg, reaches to the point g.
The gas now enters at d, and passes to e, then re-

turning, ascends to f, from whence it rises up to g,
where it enters the pipe b c, and the larger pipe /,

which surrounds b c. The pipe I is closed at the top,

but below the height / it is perforated with a number
of holes. The vessel AB is filled with water up to the
lower extremity of the vessel D. When the gas has
passed out at the top of b c, it displaces the water in /,

which is on a level with that in AB, till it sinks to /.

It now escapes at the holes above mentioned, and bub-
bles through the water. In this state it is preserved in
the gazometer, and is fit for burning, The gazometer we
shall now explain more particularly. It may be first

proper to return to the lime vessel L. The cavity
d efg is formed by six plates of iron, lead, or wood, of
the width of the vessel L, arranged in pairs parallel to
each other, forming cells, which contain a stratum of
fluid three inches thick, fifteen inches wide, and of a
length equal to de added to e/ added tofg. This ca-
vity, and the space L, constitute the whole of the capa-
city of this vessel, which is employed for the liquid, the
rest being shut out by the partition 3 d, and the plates
forming the zig-zag cavity. The gazometer, which re-
ceives the gas after it has been purified by the lime wa-
ter, consists of an outer vessel AB filled with water.
It is made of cast iron plates screwed together by flan-
ges. D is a vessel made of plate iron, the plates being
united by rivets. This vessel, in an inverted position,
fells and rises in the outer vessel as more or less gas is

contained in it. For this purpose it is suspended by Gas Light

chains, which pass over the pullies 1, 2. The ends of ^""V"
both these chains are fastened in sepai-ate grooves in Plate
the edge of the pulley M, which is of sucli a diameter CCI.XIV
that the vessel D rises to its full height before the pulley •'S'

''•

makes one revolution. In another groove in the edge
of the pulley M, is fastened the end of a second chain,

to which the weight W is suspended. This %veight is

nearly equal to the weight of tlie vessel D, and assists

it in rising as tlie gas comes under it. It will be evi-

dent, that when the whole of the vessel D is immersed
in the water, it will become as much lighter as is equal
to its own bulk of water. The vessel will therefore re-

quire a greater counterpoise as it rises higher, and will
be the heaviest when it is at the top. This is compen-
sated by forming the groove in the pulley M, which con-
tains the weight chain so as to make the radii of the
wheel change reciprocally with the relative weight of
the vessel D, by which the pressure of this vessel, which
is always a little heavier than the weight, wiU be uni-
form m every part of its ascent and descent. Before
the gas can be admitted, the vessel D is allowed to de-
scend to the bottom of the vessel AB, which is effected

by opening the stop cock y in the pipe z q y, which
opens into the gazometer above the water. 'I'he com-
mon air is expelled, and its place occupied by water.
The cock y is now shut, and the gazometer is ready to
receive the gas.

We have already traced the progress of the gas to
the lime vessel, where it is purified. It now rises

through the pipe be, as has been already described.
When the cock y is opened, the preponderating weight
of the vessel D forces the gas along the pipe ~ Q y,
from which it is conveyed by other branches into situa-

tions where the light is required. The pipes T and
/ are finuly inserted into the top of the vessel D, and
in their motion up and down constantly envelope the
tubes b c and </ z. They are for no other purpose than
keeping the vessel steady D in its ascent and descent.

That part of each projecting above the vessel, forms a
recess for the reception of the ends of the pipes b c and
;:; q, in order that the mouths of the latter may be above
the water, when the roof of the vessel D comes to the
surface. Without this contrivance, the whole of the
common air at the commencement could not be expell«

ed. It will be easy to see, that, from improper manage-
ment, the gas may, under some circumstances, come
over so rapidly as to raise the vessel D quite to the top,

and, still accumulating, would bubble out at the lower
edge of the vessel. Such gas mixing with the common
air of the room, would be liable to exj)lode by the light

of a candle ; indeed, several serious accidents have al-

ready happened from this cause. There are several

ways of avoiding the danger attendant on this circum-

stance, but the most effectual we have yet seen, we
shall explain by Fig. 8. AB is a section of the outer Fig. 8.

vessel of the gazometer, D the inner vessel, p a pipe

inserted in the top of the latter open at both ends ;

the lower end being above tiie surface of the water,

while the vessel D remains a little immersed. The
part ic is a portion of a larger tube, with a bottom
which is perforated to receive the pipe p, to which it

is soldered, so as to form a recess capable of holding

water, and hence has been called a water-lute. When
another pipe, such asf, has been placed in the recess

filled with water, a gaseous fluid passing up p, would
be induced to pass through /] if not resisted by a force

less than the column of water at the recess b c. It will

now be evident, that if the tube J" be fixed in the roof
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M> of the building, and open at both ends, when the vessel

^Hp' I) rises till the recess be receives the end of" the pipe' /J

^^L that the lower end of p will be above the wjiti-r. The
l^B^. gas will therelbre rise through /), and pass forward

through /'into the open uir, and thus prevent its escape
into the room.

In carryinjf on the process, the water in the vessel

AB will frequently recjuire to be changed, as well from
being contaminated with the remaining impurities of
the gas, as from becoming warm by the pipes from
the retort passing through it. Where water is ver»
plentiful, it would be advisable to have a constant cur-

rent of warm water from the top of the vessel, and a
cold current in at the bottom. The lime-water in the

lime-vessel 1., Fig. 7, will require changing much of-

tcner than in the vessel AB. The sulphureous acid,

carbonic acid, and sulphuretted hydrogen, which come
with the carburetted hydrogen, are all taken up by
the lime, forming sulphate, carbonate, and hydrosul-
phuret of lime. From this it will be obvious, that the

lime will ultimately be all consumed ; but it should be
removed long before it aiTives at complete saturation.

The mixture of lime and water in the vessel m should be
about the thickness of cream, and hence has been call-

ed the cream (if lime. When the liquid in the vessel

L requires to be changed, the plug k is taken out,

while the plug s is kept secure. When the vessel L is

emptied, the plug k is replaced, and the plug s taken
out. The fresh lime and water in m is now transferred

to L ; the proper quantity being as much as will run
in till m remains full. It must be here observed, that
the vessel m is rat}icr a measure with which to fill the
vessel L to a proper height, than a reservoir. It is

hence supposed to be supplied from a large cistern, in
which the cream of lime is prepared in considerable
qujintity.

seon- When the gas has been carried through the pipe
of zqy, and its different ramifications, to the places where

™*"- it is to be burnt, the passage terminates in a small ap-
paratus, called a burner, perforated with one or more
small holes, about one-thirtieth of an inch in diameter.
The most simple of these terminates in a spherical sur-

5 . face, as seen in Fig. 9. There is one hole in the cen-
tre, and several others around it. The surrounding
holes, if it were not for the upwaril current of air,

would give flames, radiating in straight lines from the
centre of the spherical burner ; but the upward motion
of the heated air causes the flame to curve upwards,
like the spur of a game cock, and hence they have been

J a technically callecl cockspnr burners. Fig. 10. is a
bracket, at the end of which is a burner, terminating
in the face of a cylinder, near the outer edge of which
is a circular series of holes, from which the flame rises

»

perpendicularly. These are surrounded by a glass like
the Argand lamp. In its general appearance it is so
like this lamp, as to have acquired the name of the Ar-

1
1.

ganri burner. Figs. 11. and 12. are a plan and section
of this burner upon a larger scale. The holes in the
inner circle. Fig. 11. are supplied with gas from the
cavity C, Fig. 12 : The same holes appear in section at

ij i ab, Fig. 1 2. The holes in the outer circle. Fig. J 1 . com-
municate with the cavity ef. Fig. 12. which also com-
municates with the atmosphere by the openings i k ; gh,
is an ornamented rim for the reception ofthe glass. The
air from the glass becoming heated by the flame, rises,

L and a current takes place from i k, through the cavity ef,
I and between the burner and the'glass. This current
'

in the Argand lamp is both within and without the
circular flame, and serves to supply the lamp with oxy-
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gen for burning the smoke, as vcell as to keep tlie Gu l-i^hii^.

flame steady. In the gas lights there is no smoke to """Y^^
burn : the current of air, therefore, is not so essential. Pi.ate

It has the good effect, however, of keeping the flanio <:(.I.XIV.

steady, which otherwise would be agitated by the ''«• '"•

slightest motion of the surrounding air. Fig. 10. shews

the manner of bringing the gas to supply a bracket-

lamp fixed to the wall : The stop-cock « is connected

with the pipe behind the board c d, which also commu-
nicates with the pipe b leading to the burner. Fig. y.

is provided with a similar plate to screw to the wall.

These brackets are capable of moving in a horizontal

direction. The end of the tube b is ground into the

little globe s, so that it will turn round without allow-

ing the air to escape. F'ig. 9. is similarly constructed.

A great variety of these ornamental brackets, chande-

liers, candelabras, &c. will be found in Mr Accum's
work upon gas-lights.

The apparatus above described, is upon a small

scale compared with what would be required for

lighting a large manufactory, or upon the scale prac-

tised for lighting the streets and shops in the me-
tropolis. The gazometer, lime- vessel, and tar vessel,

are all made of cast and wrought iron, precisely in

the same way that would be recommended upon the

largest scale. It would be found impracticable to in-

crease the fire and the retort to the same extent to which
the other apparatus may be increased. It wouhl be im-

proper to make a fire to heat si greater length tliinti from
six to eight feet. And if the cavity of the reti>rt were
more than 12 inches wide, the coal would not be con:-

pletely decomposed in the centre. It is found, there-

fore, more advantageous when a greater supply of gas

is wanted, than would be afflirded by a vessel of' tho

above dimensions, to use additional retorts and fires,

all communicating with the same gazometer, lime-ves-

sel, &c. In Fig 7- there is but one fun:ace, but it

may easily be supposed that a series of furnaces may
join this on the left hand. Each retort having a tube

n, they may all be connected with one common pipe c,

which is the condenser : to show this, the pipe c in

this figure is broken off on the left hand.

When the vessel D is made very large, it requires to

be first formed in a skeleton of wrought or cast iron,

and afterwards covered with iron plate.

It is strongly advisetl, where it is practicable, that

the retorts should be kept in constant action night and
day for the season, or at least never allowed to go be-

low a red heat. The first portion of oxide which forms

upon the surface, when allowed to cool, cracks and falls

off, leaving a new surface to be acted upon the next

time it is heated. By thus being every day heated and
cooled, a retort will be destroyed in a few months. When
they are kept continually red hot, they frequently last

three winters. The writer of this article is indebted

to Mr Lee of Manchester for this fact.

In discharging the retort at a red heat, the coak

may drop througli an opening into a cellar below, the

hole being afterwards closed ; without this contrivance,

the operation would be much annoyed. In applying

the gas lights to the streets and shops, pipes of cast

iron are employed running along each side of the street,

of different sizes, from two to four inches in diameter,

according to the supply. The main streets have larger

pipes, called mains, from which smaller pipes proceed

to light the cross streets, alleys, and courts. The
pipes are perforated opposite to the shop to be light-

ed, and an iron pipe ground air tight into the hole.

With this, other iron pipes are connected to convey
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pas Lights, jjjg ^gg (j, ^|^g place where it communicates with the
~ t ~ burner. The pipes in the streets are laid so near the

surface, as not to be disturbed by tlie carriages, or in-

terfere with the paving. They are joined together by
slipping one end of one into a widened part in the end
of another. The cavity between the inside of one, and
the outside of the other, which is nearly one inch, is

filled with melted lead, which when set, is afterwards

hammered in by the end of a punch.

..(^ Having generally described the apparatus used in

lighting by gas, we shall give some statements respecting

its economy compared with other means of lighting.

Mr Murdoch, of whom we have before spoken, has

published a statement of the expence of gas lighting,

compared with candles, in the Philosophical Transac-

lions of London, for the year 1 808. He begins by as-

certaining that a tallow candle, of six in the pound,

is consumed at the rate of 175 grains, or 1.4 of an
ounce in one hour : and that half a cubic foot of car

buretted hydrogen, such as comes from caimel coal. Gas L
burnt the same time, producing a light of the same
intensity.

In the calculation of the expence of lighting by gas,
he takes his estimate from the manufactory of Messrs
Lee and Philips of Manchester, the apparatus being
put up by himself. He employed 271 Argand burn-
ers, each being equal to four candles of the size above-
mentioned, and (iS3 cockspur burners, each being equal
to 2| candles, the whole aiaiount being equal to 2500
candles of the same size. From what has been stated,

it wUl appear, that to keep so many lights up, will re-
quire an hourly consumption of 1200 cubic feet of gas.
He states the average time of working by the gas

light throughout the year at two hours per day, this
will require a daily consumption of gas equal to 2500
cubic feet; and allowing 313 working days, the yearly
consumption will be 782,500 cubic feet.

He found, that to produce this gas, there was required 110 tons of cannel coal at 22s. 6d. per ton, £ 1 24
Consumption of common coal for distilling the gas, 40 tons, at 10s. . . . . . . 20
Interest of the capital, and wear and tear of the apparatus, 550

Total expence . £ 6Q^
Deduct the value of70 tons of coak, £g3

Nett expence . £ 601

The price of 2,347,500 candles, equal to 391,250 lb. at Is. per lb £2000
Tlien deducting 600

Leaves the clear annual saving £ 1400
If the working time per day were three hours, the annual saving would then be . . £ 2350

The veracity of this author would alone be sufficient

to give great weight to these facts ; but they have
gained greater strength by their strict agreement with
subsequent experience.

It is now found that the best form for the retorts is a
cylinder, and that they should not much exceed 10
inches in diameter, nor be much more than six feet in

length. If they were much wider, the heat would not
penetrate the loose coal within sufficiently ; and as re-

gards the length, the fire would not act to much ad-

vantage, nor the heat be uniform, if the length were
much beyond the above statement. This should be the

limit for one furnace. If more gas is wanted, more
furnaces must be made, as has been shewn in the

Plate.

In an apparatus on the scale of these in London for

lighting the streets, from 24 to S6 such retorts and fur-

naces would be required. These retorts contain, inde-

pendent of the mouth-pieces, about 5655 cubic inches,

and will hold conveniently 100 lb. of cannel coal. When
the fire is applied to good advantage, each retort gives
out all its gas in about four hours. There is no good
policy in pushing the distillation very far, as the gas
which comes the last, is the least combustible. The
retort should not be heated beyond a brightish red, as
the gas is not only injured, but the retort Trould soon
he destroyed,

In order to condense as much as possible the most
useful facts, we have given a Table founded upon the
statements already made. We are indebted to Mr
Murdoch for the comparative light given by gas and
candles, the gas and coak afforded from a given quan-
tity of coal, and the consumption of common coal to

produce the necessary heat for the distillation. The
proportion of tar and ammoniacal liquor we have quo-
ted from Mr Accum's work on gas lights.

The first column gives the number of retorts, each Kxpla
being 10 inches in diameter, and 6 feet long. The se- tion o

cond column gives the capacity of the gazometer. The Table

third column, the weight of coal used to furnish the

gas. The fourth and fifth columns give the same by
measure. The sixth, the coal used to distil off the gets.

The seventh, the cubic feet of purified gas. The
eighth, the weight of coak left in the retorts. The
ninth, the weight of tar. The tenth, the ammoniacal
liquor ; and the eleventh, the number of candles to

produce the same light with the gas ; the candles being
six to the pound each, when fairly burnt, consuming
175 grains of tallow in one hour.

This Table is formed by doubling the first numbers of
each column for the second number, then adding the

fii-st number to the second for the third, the third to

the first for the fourth, and so on, so that it may be
easily extended to any greater number of retorts.
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Shewing the relative proportions of Gas, Tar, and Coak, produced ly the Distillation of Coal, and the

illuminating poiver of the Gas compared icith Candles.

Number o^ie- No. of Can-

tortu, 10 indies

diameter by six

feet long, ex-

clusive of the

mouib- piece.

Capacity

of tlic

Gazometer.

Coal for

producing

the Gas in

Founds.

By Meamre in

Bushels and Pecks.

Coal

consumed tc

distil off

the Gas.

Cubic feet

ofGM
puiitied.

Coak in

ditto.
Tar.*

Ammonia-
cal Liquor.

dies, Gin the

lb. to give an
equal light

with the

Gas.Bushels. Pecks.

1 295 100 1
*
y 34 320 64 5.4 7.85 96

2 390 200 2 H 69 640 128 10.8 15.7 192
3 485 300 3 ii, 102 960 1.92 16.2 23.55 288
4 780 400 4 H 136 1280 256 21.6 31.40 384
S 1075 500 6 170 1600 320 27.0 39.25 480
6 1370 600 7 *

r 201 1920 384 32.4 47.10 576
7 1665 700 8 If 238 2240 448 37.8 54.95 672
8 I960 800 9 2f 272 2560 512 43.2 62.80 768

9 2255 900 10 Sf 306 2880 576 48.6 70.65 864
10 2550 1000 12 340 3200 640 540 78.50 960
11 2845 1100 13 4

T 374 3520 704 59.4 86.35 1056
12 3140 1200 14 If 408 3840 768 64.8 94.20 1152
13 3435 1300 15 2'c 442 4160 832 70.2 102.05 1248
14 3730 1400 16 3f 476 4480 896 75.6 109.90 1344
15 4025 1500 18 510 4800 960 81.0 117.75 1440
16 4320 1600 19 4

T 544 5120 1024 86.4 125.60 1536
17 4615 1700 20 If 578 5440 1088 91.8 133.45 1632
18 4910 1800 21 612 5760 1152 97.2 141.30 1728
19 5205 1900 22 3f 646 6080 1216 102.6 149.15 1824
20 5500 2000 24 680 6400 1270 108.0 157.00 1920
21 5795 2100 25 4

T 714 6720 1334 113.4 164.85 2016
22 6090 2200 26 If 748 7040 1398 118.8 172.70 2112
23 6295 2300 27 2f 782 7360 1462 124.2 180.55 2208
3+ 6390 2400 28 3f 816 7680 1526 129.6 188.40 2304
25 6885 2500 30 850 8000 1590 135.0 196.25 2400
26 7180 2600 31 4

7 884 8300 1654 140.4 104.10 2496
S7 7475 2700 32 n 918 8640 1718 145.8 111.85 2592
28 7770 2800 33 2f 952 8960 1782 151.2 119.70 2688
29 8065 2900 34 3f 986 9280 1846 156.6 127.55 2784
30 8360 SOOO 36 1020 9600 1910 162.0 135.40 2880

Gu I.i({hti>

If it were required to find the number of candles of

any other size, or a different number in the pound,
multiply the number of candles in the Table by the

given number in the pound, and divide the prodtict by
6, the number in the pound of those in the Table ; the

Quotient will be the number required. For example,
le number of candles equal to the gas from 800 lb. of

coal, which is 2560 cubic feet, is 768, what will be the

number of candles of5 to the pound ? 5 x 768=3840 ;

then, 3840-^6=640, the number of candles required.

From this Table it may be seen how much coal is

equal to a given weight of taUow. If the number of

candles in the last column be divided by 6, the quotient

will give the weight of tallow in pounds to the coal in

the third column. For instance, the candles equal to

8001b. of coal are 768 ; the last divided by 6 gives
1281b. of tallow, equal to 8001b. of coal, which is lib.

of tallow to 6.25 of coal.

Gas light may be compared with candles in another
point of view. That is, what number of candles of a
given size give a light equal to that produced by the
gas when its rate of bummg is given ; that is, when a

given quantity in cubic feet is burned in a given time.

We have seen, by the data already given, that half a
cubic foot of gas will be consumed in the same time,

giving the same light as 175 grains of tallow from a
candle 6 to the pound. We therefore should say, that

when a cubic foot of air is burnt in two hours, its light

will be equal to that of a mould candle of 6 to the
pound ; but if the same gas were burned in one hour,
either from doubling its velocity or its aperture, then
it would require two such candles to produce an equal

light in all respects. If the candles to give an equal

light with the gas when burnt in one hour be
divided by the time, it will give the candles for that

time. To find the quantity of candles of any other

size, use the rule above given.

Before we conclude this article, we think it right to ''''•c'if"!

give a few useful rules to those who may have the ma- fH
'^"'

o .^ the lua-
nagement ot the gag light apparatus. 1 hese are the nagcmcnt
substance of the rules drawn up by Mr Clegg for the of the appa.

use of the workmen. ratus-

1st, Before closing the retort, take common clay,

dried, pulverised, and sifted, to which add as much

• This 6utd on distillation affords about oae-fouith itt weight of b thin light inflammable fluid lesembling naphtha, leanog a reti-

duum like pitch or asphsltum.
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•Gas T.is;lit3. water as will give it the consistence of treacle; make
""-^/-"^ both the surfaces where the lid fits the retort very clean,

spread the luting thinly over the turned part, then se-

cure the lid in its place by the wedge. Fig. C Plate

CCLXIV. If this is not strictly attended to, there-

tort will lose the gas, and the smell will be very of-

fensive, and injure the health of the operator.

2d, The bridge of bricks, b h, Fig. 2. which sepa-

rates the fire place from the retort, must never exceed

a bright red heat. If they are raised to a white heat,

the gas will be injured, and the retort be soon destroy-

ed. This may be regulated by a damper in the chim-
ney, or by the register door to the ash pit. See Fig. 7.

3d, The gazometer should be examined at least once

a week, whicJi is done as follows : shut the stop cocky.

Fig. 7- and likewise the retort from the gazometer, no
operation going on. Mark the suspended vessel at the

surface of the water when it is nearly full of gas. If

the mark sinks below the surface, there is some open-

ing where gas escapes. To find out this place, walk
slowly round the vessel, and if the leak is not very

small the gas may be smelled. Applj' a candle to the

place, and the issuing gas will be inflamed. Mark the

place, and blow it out. In the same way search the

vessel all round. There, however, may be a small leak,

and yet it will not inflame. About the suspected part

apply with a brush a little white lead paint. The place

where the gas escapes will become yellow, and ulti-

mately black, from the sulphur in the gas. The place

being discovered, take a small piece of linen, dip it in

a little melted pitch and bees wax, and apply it to the

part while hot, and keep pressing it on till it is cold.

4tl), Keep the water in the outer vessel of the gazo-
meter at its proper height, in order that the gas may
have to rise through the same column of water.

5th, In the place where the lights are, appoint one
person only to superintend their management Be
careful to shut the cocks when the lights .ire not want-
ed, and do not suffer them to be opened till they are to

be lighted, and then hold a lighted paper over the aper-
ture while the cook is turned. Do not use a candle for

this purpose, lest it drop on the burner, (c. s.)

GASES, Sounds produced by. In our article

Acoustics, vol. i. p. 119, we have mentioned the ex-
periments by Dr Chladni, on the sounds of different

degrees of acuteness produced by the same organ -jiipe,

when blown with different gases, in appropriate re-

ceivers ; and in page 118 we stated that the num-
ber of vibrations which the same column of gases of
different specific gravities should make in a given time,
are inversely proportional to the square roots of their
specific gravities.

We propose, in the present article, to exhibit, in a
tabular form, the results of the principal experiments
that are recorded on this subject, for comparison with
calculations on the above principles, and with other
calculations from the velocities with which sound is

propagated though different gases, considering the
pitches of the sounds to be inversely proportional to
the velocities of propagation.

In the first column of our Table are mentioned the
names of fifteen kinds ofgases, on which Messrs F. Kirby
and Arnold Merrick made repeated experiments,
which are fully detailed, and their apparatus described
in Nicholson's P/iilosophical Journal, vol. xxxiii. p.
171 ; and in the second and third columns are set down
tlie mean results of these several experiments, as they
liave been calculated by Mr John Farey, in the P/d/o-
sophical Magazine, vol. xlv. p. 28. I'he intervals in
coluiBB 2. being stated in his notation, (as usual in

other parts of our work,) reckoned upwards and down- G*
wards from note C, to which the experiment pipe in ^o""

atmospheric air is supposed to be accurately adjust-
^"^

ed. Column 3. shews the nearest notes on the Rev.
Henry Liston's EuHAnMONic Organ, (see that article,)

followed by the differences, whether more acute -f , or
grave —, expressed in Schismas ; small and capital

Italic letters marking the octaves, above and below
Cc.

In column 4, the specific gravities of the gases have
been taken from the mean of those mentioned in our
article Chemistry; and column .5, (like col. 2.) shews
the calculated intervals above and below C ; wherein
it will be observed, that etiier vapour, and sulphuretted
hydrogen, appear to be graver notes than C, and ole-

fiant gas more acute tlian it, contrary to the results of
experiments thereon, in col. 2.

In column 7. are contained the velocities with which
sound is propagated, extracted from Acoustics, Vol. I.

p. 1 22 ; in col. 8. are the intervals ; and in columns 6.

and 9- the several notes and differences, as already de-
scribed.

By subtracting the intervals in columns 2, 5, or 8,

(with due attention to the signs,) the relation or inter-

val of any two gases may be found, and the name of
such interval may often be obtained from our 30th
Plate, in Vol. II. Thus, in the experiments in col. 2,

hydrogen appears to yield a souiid higher than azote

by 610 s-f 12 f-f 53 m, or only 1.49 2 less than an oc-

tave. Again, the interval of azole and oxt/aen, in col. 5.

is 55.29 5;-J-f-|-5 m, or S— 1.712; and between the
sounds o{oxygen and otefiant gases, is 55.70S+ f-(- 5m,
or S— 1.3>., &c.

The Table here presented will at least serve to shew,
that much remains to be done, to reconcile the facts

and the principles that have been advanced by different

writers on the subject. Careful and numerous repeti-

tions of these experiments, with gases carefully prepared,
and in well contrivetl apparatus, conducted as Mr Fa-
rey lias recommended, with reference by means of the

beats, to fixed notes, carefully tuned on Liston's organ;
not trusting to unisons for the comparisons of the
sounds in any case, but resorting to the thirds and
fifths by way of checks : Experiments so conducted,
might, perhaps, so adjust these several intervals, that

they may prove of use, in giving greater precision and
consistency to the specific gravities, velocities ofpropa-
gated sounds, and perhaps to the rveighls of atoms also,

of the several gases ; if it be true, as has been conjec-

tured (and, as seems nearly true of most of the gases
in our Table, and perhaps of others,) that, with the
exception of oxygen and olefianl gases, the weights of
atoms, nearly as stated by Dr Thomson in his Annals

of Philosophy, are exactly double (or octave) of the
specific gravities, respectively, (to oxygen, I.); but ni-

trons gas seems here to form a remarkable exception, as

Dr Chladni found it to present, on another point, in

his experiments, as mentioned in our first volume,

p. 119. It may not be amiss to add, that the specific

gravity of nitrous gas being 1.094, its note will be
C'b—3.63 5.=39.63i.-t-f-f 3 m, below C, according to

the jjrinciple of calculation used in our "Table ; whereas
in Messrs Kirby and Merrick's first set of experiments
(see Phil. Mag. vol. xxxvii. p. 4.), this gas was ob-
served to sound 52.95 Z -J-

f -|- 5 m above C. It must
however be observed, that the results of the first and
second sets of experiments by these gentlemen, are

most of them so greatly different, as to shew strongly

the necessity of the repetitions thereof that we have re»

commended above.
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{.id. Inleiva s above

Liston's Notci.

and Difre«

Spedfic Intervals above or Liston's
J Intervals above orj Liston'it Gas.

1
Oflttstndi. Gases, nnd Mix- or below the Gravities btlow the Sound Notes and Veloci- below the Sound

|

Notes and Gasaendf.

*^('""™'
tures of such. Sound with At-

renccs in
of the witli Atmospheric differences ties of with Atmospheric Differences

experimented on mospheric Air, Gaseo. Air. in Sound. Air. in

£ f m s S f m S Z f m S

Ether vapour ()G1.82 13 57 c^ 4- 2.82 2.250 —358.00 7 31 F
- Carburetted

hydrogen . ()4'1..59 13 56 c'^—3.41 0.5554 259.63 5 32 F+5.63
Hydrogen . . 623.89 12 54 c'+0.89 0.0807 1111.10 22 96 a^+ l.lO G899 1093.57 21 95 b'bb—1.43

Sulphuretted

hydrogen . 77.97 1 7cm—5.18 1.161 —65.95 1 6 B+ 2.03

Ether vapour
and com. air 24..80 1 2 C'«— 11.21

Azote, or ni-

trogen . . . 13.38 1 C'+2.38 0.977 10.03 1 C—0.97 1149 14.77 1 C'+3.77
CtJMMON AlH C 1.000 C 1130 c
Carbonic and
hydrog. gases 32.06 1 2 C'b+ 3.95

Oxygen and
nitrog. gases 82.()9 1 2 C'b+ 3.31

Oxygen . . . 43.19 1 3 B'+2.81 1.108 45.26 1 4 B'+0.74 1064 53.15 1 4 2?+ 3.86
Olefiant gas . 51.87 1 4 Ct)—4.87 0.9745 + 10.44 1 C—0.56

Chlorine and
olefiant gases 137.91 3 12 Bbb+2.09

'

Chlorine . . . 160.73 3 14 J-l-0.27 2.713 4 40. 55 9 38 £'b—0.55
[larbonic acid 189.0-t 4 16 ^'i;3.04 1.500 178.93 4 15 A'\)+ 7.08 922 179.55 4 16 ^'b+6.45
Nitrous oxide 197.59 4 17 At,—0.59 1.603 208.33 4 18 ^'b—0.33

A very interesting memoir on the sounds produced
by hydrogen gas, was published in the Journal de Phi/-

si<ftie, vol. Iv. p. 165, by Dr Delarive of Geneva. Dr
Higgins and IJrugnatelli were the first wlio published
an account of the sounds produced by hydrogen gas
passing through a small tube. Professor Pictet made
a series of experiments on these sounds, and describes

the various musical phenomena which are produced.
He explained the influence on the sounds occasioned by
the lenMh or width of the tubes, and the situation

where the hydrogen is burned ; but it was left to Dr
Delarive to assign a very ingenious and plausible cause
for the phenomena : He supposes, that a brisk vibrato-

ry motion is caused by the continual production and
condensation of aqueous vapour ; and that, in order to

produce a sound, this vibratory motion must be able to
harmonise with the dimensions of the tube, and is

then regulated and equalised by the regular reflexions

from the tube, so as to constitute together a clear musi-
cal sound. For this purpose there must be a great dif-

ference of temperature in the air, and the tube near the
flame. For farther information on this subject, see Ni-
cholson's Journal, vol. i. p. 129, and vol. iv. p. 23 ; and
Dr Thomas Yoiuig's Natural Philnsopliy, vol. ii. p. 267.
GASSENDI, Peter, an emment French philoso-

pher, was bom .it Chanlcrsicr in Provence, in 1592.
After giving very premature indications of his talents,
which he did before lie had reached his fifth year, he was
sent to school at Digne, wliere he made rapid progress
in the Latin language, and acquired a decided pre-emi-
nence among his school-fellows. He was next sent to
study philosophy at Aix, and when he had continued
there two years, he returned to his fathers house, with
the view of prosecuting his studies in retirement. A
vacancy, however, having taken place at Digne, he was
invited, at the early age of sixteen years, to teach rhe-
toric in that city ; and he had scarcely filled this situa-
tion for three years, when he was appointed to the va-
fant chair of philosophy in the university of Aix. The
authority of Aristotle was still acknowledged in almost

VOL. X. TAHT J.

(?)

all the public schools of France, and it required no or-

dinary boldness to call in question his philosojjhical sys-

tem. Gassendi, however, did not scruple to expose the

errors of that great master, in the indirect form of para-

doxical problems, which he published under the title of
Exercitalijnes Paradcxicce advenus Arisiolelcm. This
work obtained for Gassendi the particular friendship of
Nicholas Peiresc, president of the university of Aix,
who succeeded, by the assistance of Joseph Walter, pri-

or of Vallette, in procuring for him a canonry in the ca-

thedral church of Digne, where he was admitted to the

degree of doctor in divinity, and appointed rector of the

church. This new situation, which enabled hiiji to re-

sign his chair at Aix, allowed Ciassendi the uncontrolled

management of his time. He composed a second book
of his Excrcilalioncs Paradoxica:, for tlie purpose of
pointing out the absurdity ofthe Aristotelian logic, and
intended to pursue the subject to a much greater ex-

tent, but he was violently assailed by the powerful ad-
herents of the ancient sage, and he considered it pru-

dent to abstain from any farther attacks upon the Ari«-

totelian system.

In the year 1628, Gassendi travelled into Holland, in

order to make himself acquainted with the philosophers

of that country ; and during his visit, he composed an
apology for his friend the learned RIersennus, in an-

swer to the attack of Robert Fludd on the subject

of the Mosaic philosophy. Upon his return to Digne,
he resumed with great diligence his astronomical stu-

dies. He had the good fortune of being the first

that observed a transit of Mercury over the sun's

disc. This happened on the 7th of November 1631,
the transit having been calculated by Kepler. In the

year 1641, Gassendi was called by a lawsuit to Pa-
ris, and gained the acquaintance and esteem oi" the dis-

tinguished characters of that metropolis, and particu-

larly of the Cardinal Richelieu, and his brother the Car-
dinal of Lyons. He had long preserved an intimacy
with the great Descartes ; but a circumstance now oc-

curred, wnich for a long time interrupted their friend*

N
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ship. In the year 1629, the singular phenomenon of

two parhelia had been seen at Rome, and Gassendi pub-

lished a dissertation on the subject. Descartes, in his

Trealise on Meteors, described the same phenomenon,

but forgot to make any reference to the dissertation of

his friend. Gassendi chagrined at this neglect, and
-probably not uninfluenced by a secret jealousy of Des-

cartes' fame, attacked the philosophical system of his

friend, in a work entitled, Disqiiisitio Metaphysica sen

Dubitationcs, &c. which was put into Descartes' hands

by their mutual friend Mersennus. Descartes replied

to the objections of Gassendi, which he has published

with his own answers under the head of the Sixth ob-

jection in his Meditations. In 1643, Gassendi compo-
sed his Instantia, as a reply to the answer of Descartes,

and circulated it in MS. in Paris, before it was sent to

M. Sorbiere to be printed at Amsterdam. This cir-

cumstance widened the breach between the two philo-

sophers, which was still farther increased by their re-

spective friends. In \6i5, Descartes wrote a reply to

Gassendi's Instantice ; but the differences between these

philosophers were now on the eve of being adjusted.

The Abbe D'Estrees, afterwards Archbishop of Laon
and a Cardinal, lamented the dissensions which had so

long separated these distinguished philosophers, and re-

solved to use all his influence in reconciling them. He
invited a large party of their friends, among whom were
Mersennus, Roberval, and the Abbe MaroUes, to meet
the two philosophers at a public dinner. Gassendi was
prevented by an illness from attending ; but so anxious

was the Abbe to effect his purpose, that he took the

company to Gassendi's apartments, where he and
Descartes made mutual apologies for their conduct,

and declared that their friendship should not again be
interrupted by any difference ofsentiment. By the in-

terest of the Cardinal of Lyons, Gassendi was, in l6"45,

appointed regius professor of mathematics at Paris.

He read lectures on astronomy to crowded audiences,

and added greatly to the reputation which he had for-

merly acquired. His constitution had now suffered

from the severity of his studies, and having caught a
cold, which occasioned an inflammation in his lungs,

he was compelled in 1647 to return to Digne for the

recovery of his health. His native air produced a con-
siderable amelioration in his strength, and he was able to

return to Paris in 1653. He now published his lives of
Peiresc, Copernicus, Tycho Brahe, Purbachius, and Re-
giui.iontanus ; and forgetting the weakness of his con-
stitution, his astronomical studies brought back his for-

mer disorder, of which he died in 1655, in the 63d year
of his age. A short time before he breathed his last, he
is said to have laid his hand on his heart, and feeling

the langour of its pulsation, he said, " See how frail is

the life of man !" Gassendi was intimately acquainted
with the most distinguished characters of his age. His
library and philosophical apparatus were purchased by
the Emperor Ferdinand III. and deposited in the im-
perial Hbrary at Vienna. His works and MSS. were col-

lected and published after his death in 6volumes folio by
Sorbiere in 1658. They contain the philosophy and life

of Epicurus ; the philosophy of Gassendi ; his astrono-
mical works ; the lives of Peiresc, Copernicus, &c. ; a
refutation of the meditations of Descartes' epistles ; a
tract on the theory of music ; and other treatises. See
Bougerelle's Vic de Gassendi, Paris, 1737; and Baillet's
Vie de Descartes, passim.

GAUGING, is the art of measuring the contents or
capacities of vessels of any foi-m. See the article Men-
fURATioN, where this subject will be fully treated.
GAUL. See FaANCB, p. 543 and 673.

GAUTS. See Ghauts.
GAY, John, a celebrated English poet, was b«m in

1688, at or near Barnstaple, and descended 'of an an-
^

cient family, long possessed of the manor of Goldwor«
thy in Devonshire. He was educated by Mr Luck,
the schoolmaster of Barnstaple, a teacher of good re-

putation, who cultivated a taste for poetry, and pub-
lished a volume of Latin and English verses.

Inheriting no fortune, and without the prospect of
any. Gay was sent to London when young, and placed
apprentice to a silk mercer. It is not known how long
he continued behind the counter. Feeling, however,
the irksomeness of the restraint or servility of his oc-
cupation, he procured his discharge from his employer.

In 1712, the Duchess of Monmouth took Gay into
her service as secretary. Availing himself of his lei-

sure, he published his first poem. On Rural Sports,
and inscribed it to Mr Pope, then fast rising into repu-
tation. Pope was much pleased with the compliment,
and attracted by the manner and conversation of Gay,
he admitted him to the fullest confidence, and a friend-
ship was formed between them which lasted unabated
till death. Though Gay was caressed by the association
of wits, he appears to have been regarded rather as a
play-fellow than a partner, and treated more with fond«
ness than with deference.

Like most poets, he was anxious to place his muse
under the fostering wing of a patron, and paid his

court accordingly to princes and their favourites ; yet
his assiduity was not rewarded in proportion to his ex-
pectations. When the Earl of Clarenclon was appointed
envoy extraordinary to Hanover in the room of Lord
Paget, Gay was made secretary, for which situation he
considers himself obliged to Swift, as he declares in a
letter to the Dean. How far Gay would have succeeded
in establishing himself as an expert diplomatist, cannot
well be ascertained from his short continuance in office,

for the death of the Queen deprived him of an opportu-
nity of distinguishing himself; and his dedication of the
Shepherd's Week to Lord Bolingbroke, is supposed to

have excluded him from the patronage of the house of
Hanover. Gay, however, still enrolled himself as an
expectant of Court favour, and hailed the arrival of the
Princess of Wales with a poem. This compliment pro-

cured him but little solid advantage. She. and the
Prince went to see his mock tragedy of the " What d'ye

call it." This mark of regard flattered Gay's hopes of
farther countenance ; but meeting with disappointment,

he sunk into despondency, from which his friends con-

spired to raise him. Lord Burlington dispatched him
into Devonshire for amusement ; next year he accom-
panied Mr Pulteney to Aix, and the year following

Lord Harcourt invited him to his seat.

Gay having attained celebrity, in 1720 he published

his poems by subscription, by which he raised £ 1000.

He seems to have been at a loss how to dispose of his

money, and called a consultation of his friends. Lord
Oxford's steward, Lewis, advised him to invest it in

the funds, and live on the interest; Arbuthnot bid him
live on the principal, and trust to providence for a fresh

supply. Pope recommended him to purchase an annui-

ty, in which advice he was seconded by Swift. In tlie

calamitous year of the South Sea scheme. Gay having got

a present of some stock from young Craggs, he began
to dream of nothing but dignity and splendour, and re-

sisted all the importunities of his friends to sell his

share. He was even deaf to entreaties to secure him-
self from want, in case of failure, by selling as much
as would give him a hundred a year for life, and en-

able him, at least as Fenton told him, to command a

3
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Oii>-. clciiii shirt and a .shoulder of mutton. Gay risked and

"-Y"'"^ lost every thing, and was so completely overwhelmed

\>y the blow, that it required all the tenderness of his

friends to restore his health. On this occasion, the at-

tention of Pope was conspicuous. Gay at Icnjjth ha-

ving recovered his health and spirits, resumed his stu-

die?, and produced his tra<:fcdy of the Captive, which

he was invited to read before the Princess of Wales.

On his introduction into the room. Gay found the Prin-

cess and her ladies waiting in state to receive him ; be-

ing completely engrossed by the importance of the oc-

casion, he stumbled over a stool, and in his fall threw
down a Japan screen. The Princess was alai-med the

ladies screamed, and Gay, after all this flutter and tre-

pidation, had still to read his play.

On the advancement of the Prince and Princess to

the throne. Gay expected that something would be

done for him ; but on the settlement of the house-

hold, finding himself ajipointed gentleman usher to

the Princess Louisa, he thought himself insulted, and
declined the place. Still, hovvever, he was assiduous

in p.iying court to favourites, and flattered Mrs How-
ard, afterwards Countess of Suffolk, who was in high
favour with the King and Queen. The lady listened

to his verses, and did nothing. But the unrivalled suc-

cess of his Brgirnr's Opera may be supposed to have
been some compensation for the ne^^lect and ingratitude

of the court. When shewn to Gibber at Drury Lane,
it was rejected ; it was then carried to Rich ; and, as

was ludicrously remarked, had the effect of making
" Gay rich, and Rich gay."

At length Gay secured himself an asylum for life in

the house of the Duke and Duchess of Queensberry.
The Duke is said to have undertaken the management
of his money, in consideration of his want of econo-

my, and to have allowed him only enough for his ne-

cessities. But even the affectionate attentions of the

1 Duke and Duchess failed to soothe the mind of Gay
into a state of complacency ; his disappointments at

court preying on his spirits, he fell into his old distem-

per, an habitual cholic, in which state he languished

with many intervals of ease and health, till a violent

fit hurried him to the grave with unusual precipitancy.

He died on the 4-th December 1732, and was buried in

Westminster Abbey. Pope sums up his character as

follows :
" Gay was a natural man, without design,

who spoke what bethought, and just as he thought it;

and was of a timid temper, and fearful of giving offence

to the great."

Gay dying without a will, his two maiden sisters in-

herited what he left ; amoimting to £2000, besides the

profits of his opera of Achilles.

Although the genius of Gay was not of the highest

order, or deeply inspired, yet it was not destitute of
originality ; and he must be allowed to be the inven-
tor of the ballad opera, a new species of composition,
which has long kept possession of the stage. We
have the following account of the origin of the Beg-
gar's Opera, in the words of Pope : " Dr Swift had
been observing once to Mr Gay, what an odd pretty
eort of a thing a Newgate pastoral might make ; Gay
was inclined to try at such a thing for some time ; but
afterwards thought it would be better to write a comedy
on the same plan. This was what gave rise to the
Beggar's Opera. He began on it ; and when first he
mentioned it to Swift, the Doctor did not much like

the project. As lie carried it on, he shewed what he
wrote to both of us, and we now and then gave a cor-
rection, or a word or two of advice ; but it was whol-
ly of his own writing. When it was done, neither of

us thought it would succeed. We shewed it to Con-
greve, who, after reading it over, said, it would either

take greatly, or be d d confoundedly. We were all,

at the first night of it, in great uncertainty of the event,

till we were very much encouraged by overhearing the

Duke of Argyle, who sat in the next box to us, say,
' It will do, it must do, I see it in the eyes of them.*

This was a good while before the first act was over,

and so gave us ease soon; tor that Duke, (besides his

own good tjiste), has a particular knack, as any one
now living, ifi discovering the taste of the public. He
was quite right in this, as usual ; the good nature of
the audience appeared stronger and stronger every act;

and ended in a clamour of applause."

It is generally known that the run of this piece waa
unusually great in London, and all over England. The
ladies carried about its songs in fans, and houses were
furnished with it in screens ; besides, it expelled from
England for that sea.»on the Italian opera, whjch had car-

ried all before it during ten years. Of the merit of thi*

performance when it was published, there were a variety

of opinions. By some it was commended for the excel-

lence of its morality, placing vice in the strongest and
most odious light; while it was censured by others as
giving countenance to crimes, by making a highwayman
the hero, and dismissing him unpunished. Swift was of
the former opinion, and Dr Herring, Archbishop of
Canterbury, was of the latter. After the representation

of the Beggai-'s Opera, the number of robbers is said

to have greatly increased. But perhaps this play, writ-

ten merely for amusement, was not intended by its au-
thor for any moral purpose ; yet, in our opinion, such a
representation is more calculated to inflame than amend
the bad passions of our nature. The picture of a cri-

minal who converts the horror of a prison into a scene
of merriment and debauchery, and consumes those

hours that are given him for repentance among his cups
and prostitutes, can have no good effect upon an au-
dience. And though perhaps, as Dr Johnson observes,

highwaymen and housebreakers seldom frequent the
playhouse, yet the latent seeds of robbery and pillage

may spring up the more readily from viewing highway-
men dignified as heroes, and hearing their speeches

made the theme of popular applause. Some such ob-
jection as this, (either moral or political,) prevailed with
the Lord Chamberlain, who prohibited a second part
which Gay produced under the name of PoUy; he was,
however, no loser by this repulse, as he gained thrice

as much by a subscription, on publishing the latter, as

he did by the publication of the former.

From the variety of his performances. Gay may be
reckoned a writer of versatile talents, though perhaps
not equally well qualified to shine on every subject he
attempted. His Fables appear to have been with him a
favourite work; he published one volume, and left be-

hind him another. They are told with liveliness; their

versification is smooth, and the diction happy. The
origin of the Shepherd's Week is somewhat singular.

Steele having praised Philips' pastorals, as yielding

only to those of Theocritus, Virgil, and Spenser, Pope,
who was a competitor for fame in this way, piqued at

the comparison, incited Gay to write his Shepherd's

Week, in order to prove that if nature be scrupulously
followed, rural manners must be deh'neated as gross

and ignorant. But Gay mixed so much truth and na-
ture with the coarseness and humour of his composi-
tions, that his pastorals became generally popular as

just representations of country manners, (w. t.)

GAZETTE, or Newspapeh, is a term derived from
Gazetta, a species of coin formerly current at Venice,
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Gazometei which was the ordinary price of the first newspaper
" printed in that city. The first Gazette is said to have

been published at Paris in 1631. The fir.st English

Gazette appeared at Oxford on November 7, 1665, in a
folio half sheet. A^'hen the court removed to London,
it was called the London Gazette.

GAZOMETER. See Chemistry, p. 155; and Gas
Lights.
GELATINE. See CuEMisinY, p. 130.

GEMS. This appellation is employed in two differ-

ent senses : first, in denoting jewels or precious stones,

which, from rarity and beauty, have always been high-

ly prized by mankind ; secondly, in characterizing stones,

which, though not of the former description, are sculp-

tured or engraved with various subjects, and more es-

pecially if executed by the ancients. But the name of

gems is likewise applied, in a less appropriate significa-

tion, to artificial compositions designed to imitate the

finer precious stones, either when polished in tlie natural

state, or when they have passed through the liands of

the engraver. In our article Mineralogy, we shall

have occasion to consider the subject of precious stones

at some length, and we shall at present confine our at-

tention to the subject of Engraved Gems.
It is probable that no stone of sufficient hardness was

excluded from receiving the engravings of the ancients;

but it has been doubted whether they were acquainted

with the means of cutting the diamond, or sculpturing

the emerald and topaz. Much difference is experienced

in working hard stones : the emerald is only to be con-

quered by uncommon patience, and a long time is re-

quisite to produce a good engraving. The Eastern na-

tions are unacquainted with tlie proper method of cut-

ting and polishing the diamond ; and it is said tlwt little

more than a century has elapsed smce the means of dis-

posuig its lustre to the greatest advantage ui brilliants

was discovered. The ancient Jews, in the days of Aa-
ron, according to Scripture, could engrave on dia-

monds ; and if the same art was unknown to the Greeks
or Romans, they were sufficiently acquainted with the

use of this stone in cutting other jewels. But if we
consider the ingenuity of the Greeks and Romans, it

is not unreasonable to conclude, that they frequently

engraved on precious stones. There are indeed few
instances of the fact : thousands of their works must
have perished many centuries ago, and many are still

to be brought to light. Yet it is affirmed, that the art

of polishing the diamond, as it now appears, is not of
anterior date to the year 1 456, and that engravings
upon it belong exclusively to the moderns, having been
attempted only about the succeeding century. In the
year 1500, Ambrose Caradosso, an Italian, engraved
the portrait of a father of the church on a iliamond,
which he sold to Pope Julius II. a great patron of the
arts, for £ 5500, an immense sum at that period. His
example was followed by subsequent artists, and dia-

mond dust was used in reducing this gem itself.

The substances most frequently sculptured by engra-
vers, both ancient and modern, are rock crysti of dif-

ferent colours, jasper, calcedony, cornelian, onyx, blood
stone. Rock crystal, which is well knoAvn, is not consi-
dered of sufficient hardness, and the same has been ob-
served of malachite, which is also sometimes used.
Jasper U found in great variety, as well in appearance
as quality, and in pieces of large dimensions ; none but
the finest and most compact is employed ; and this oc-
curs both in the colder and warmer climates. Cor-
nelian ana calcedony are so nearly aUied, that their
names are mutu Jly interchanged according to the tinge
which either exhibits ; but the latterj which is also cal«

SubsUnoes
chosen.

led white cornelian by lapidaries, is to be distinguisli-

ed by a greyish-white colour, bearing marks which ''

resemble the scoopings of a knife on wood, and occa-
sionally exhibiting a sky-blue colour. The ancients
are supposed to have obtained the best species by the
route of Carthage, from the mountains of the Naso-
menes in Africa, and also from Thebes. One of their

most ftivourite stones was the cornelian, on which all the
ingenuity of their art has been anxiously bestowed : its

colour, hardness, and texture, are the most favourable
for delicate engravings, and it seems to have been diffu-

sed in much greater abundance than any other. This
stone is seen of different shades, from cherry red to
flesh colour, and sometimes of a yellowish tinge, or
b.rownish colour ; but exposed to moderate heat it be-
comes white. The ancients divided it into two spe-
cies, male and female, the latter being pale yellow ; and
they obtained both from India, Arabia, and other parts
of Asia, as well as the Mediterranean islands. At pre-
sent the finest cornelians come from the east, particu-
larly the Indian peninsula, where they are found from
the size of a nut to several inches in diameter, and con-
stitute a considerable article of traffic : the Dutch also

brought a quantity from Japan, during the subsist-

ence of their trade with that island. A large propor-
tion of ancient and modern engravings are executed on
beautiful cornelian, the colour of which may be deep-
ened and improved by the proper application of heat.

The onyx has been esteemed valuable since the ear-

liest periods of Jewish history, from tlie singular com-
bination of its colours ; and it was equally prized by the
Greeks and Romans, who applied it to their most va-
luable works of art. This stone is considered a calce-

dony, the colours of which are disposed in alternate

zones or strata. Generally they do not exceed two or
three ; five or six are extremely rare. The proper
gems of onj-x consist of parallel zones, as these only
can be worked to advantage ; but there arc other two
varieties with undulated zones, or concentric nuclei,

resembling the eye of animals. Where the stripes are

of various colours, lapidaries commonly call the stone a
sardonyx, a v.ngue and indefinite appellation, and used
in another sense by mineralogists. But some apply
the name of sardonyx where the ground is coloured,

and that of onyx wliere it is white. It is not known
where the latter was obtained by the ancients, but it

is now found principally in Germany and Scotland.

Artists have ingeniously disposed of the combination,
particularly in sculpturing cameos or figures in re-

lief : a white subject appears on a dark ground ; or

if there be three colours, the third is artfully con-
verted to drapery, or some accessory of the general
design. This may be easily understood on reflect-

ing, that the thickness of each zone is worked so as

to leave one surface entire, or penetrating still deeper,

the artist avails himself of two. M. Mariette speaks of
a gem of this kind, consisting of four equidistant zones
of difterent colours, describing four ellipses witliin each
other in as great perfection as ifdrawn mathematically

;

and in the centre was engraved a small figure of a Bac-
chante adapting his footsteps to the sound of his lyre, as

if it had been a picture fitted into a frame. The largest

onyx said to exist, is an oval of eleven inches by nine,

on which is sculptured the apotheosis of Augustus in

four zones, two of which are brown and the others

white. Several stones ofthe same species have attracted

the particular notice of antiquarians : such is the Bruns-

wick vase six inches in height, representing Ceres in

quest of Proserpine; Venus on a marine animalsurround-

ed by Cupids, engraved upon an onyx of two zones i
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.\ ««.k& Marcus Aurelius and Faustina in one of four zones,
'^,^—

' two wliite, and two of lilac. Many are wont to consi-

der the finest works of art ns insipid when not diversi-

fied by colour ; hut tiiis objection is removed by the

onyx, and it has hence been in great request both among
the ancients and ourselves. Scipio Africanus, accord-

ing to riiny, first brought it into notice. Engiaved

gems of two colours, as the onyx, are ealleil cameos, a

word of uncertain etymoI(\^'y. It is more usually ap-

plied to such subjects as are in relief or elevated, while

all hollow engravings arc called intaglios, a name adopt-

ed from the Ituliaii. or in French ch cri'i/.r. Some artists

are inclined to distinguish an onyx with a red grounil

as the cornelian onyx. The ancients seem to have been

well acquainted with blood stone, called heliotrope by
them, and on the continent at present, speckled agate.

There are two species in use with engravers, one of

which has the ground of deep green irregularly

sprinkled with red specks, and not opaque. It is found

in Siberia, Sicily, Germany, and likewise in Scotland,

in considerable pieces, but of very unequal quality ;

and the red which is thought to be iron, sometimes se-

Earates from the substance of the stone. Engravers

ave here, as in the former instance, availed themselves

of colour ; and M. Brard acquaints us, that there is

a gem, though not antique, in the national library at

Paris, representing the head of Christ under flagella-

tion, where the crimson specks imitate the drops of

blood. In the other species, the specks are so nume-
rous, that at a little distance the whole stone appears

of a retldish cast. Besides these, tlie art of engraving
has been exercised on many other stones, even on some
which, from softness and the intermixture of colours,

were ill adapted for it.

leient na- Before alluding to the subjects represented by engra-

„**'i'^''
ving on stones, a few words may be said of the nations

**"" "" among which it was anciently practised ; and here it is

natural to expect the utmost diversity according to the

progress of the arts. The Egyptians had gems both in

mtaglio and relief, but more commonly the former ;

and those preserved are for the most part called scara-

bei, from the figure resembling a beetle, consisting of
green jasper, cornelian, and calcedony. The Jews per-

haps learned engraving from the Egj-ptians among
whom they dwelt, and some notices resfiecting it are

j)reserved in sacred writ, while describing the decora-
tions of tlie high priest. Of the jewels which were in

tlie ephod, Moses was directed to take two onj'x stones

and grave on them the names of the children of Israel,

six of their names on one stone, and the other six names
of the rest on the other stone, according to their birth.
" With the work of an engraver on stone, like the en-
gravings of a signet, shall thou engrave the two stones
with the names of the children of Israel." The
Greeks, before the decline of their own country, and
afterwards when their artists were under the patronage
of the Romans, have been much more eminent for
their gems than all the other nations of antiquity. The
most refined taste for the mts prevailed among them :

they excelled alike in architecture, sculpture, and paint-
ing ; and almoiit every succeeding artist has formed
his works after their model. They practised seal-en-
graving at a remote period, though it does not appear
to have been upon stones ; for we are told, that a law
of Solon prohibited engravers from keeping or making
copies of seal-rings ; and Mnesarchus, the father of

"reek ar- Pythagoras, was a seal engraver. The names of many
.u. celebrated artists are preserved on their works, which

M. Millin, a learned antiquarian, has endeavoured to
arrange in chronological order; an undertaking of

much difficulty, and one that can never be free of G«ni«-

doubt. But the catalc^ue given by him of the Greeks ^"^^i"™^

and later engravers being long, we can only make a
brief excerpt ifrom it. Those who flourished anterior

to the era of Alexantler, he supposes, were Theodore-
of Samoi, who engraved a lyre on a famous emerald
belonging to the king Polycrates, 750 years before
Chri.st, which the owner, to mortify himself, threw
into the .sea ; Mnesarchus, none of whose works are
extant ; Hcius, Phrygillus, Thamytos. Pyrgoteles was
cotemporary with Alexander, who is reported to have
issued an edict prohibiting all other artists from engra-
ving his otfigy. Between the era of this sovereign and
the Augustan age, are enumerated Admone, Apollo-
nides, Polycletes, who was also a statuary, Tryphon,
whose period is well ascertained, and others. They m^av
become still more numerous on descending later; Au- ^Tyv
his, Chronius, and esjiecially Dioscorides; to whom ,;

some of the most beautiful works are astrribed, and
who engraved the Roman emperor Augustus. Alpha?u?
Ehvodus, Antiochus, ^polian, flourished in the age
of his more immediate successors ; but the exact era of
the greater number cannot be ascertained. Some of
the most celebrated of these are Aetian, Agathemeros,
AUion, Apollodotus, said to be the first engraver who
added his profession to his name; Pamphilus, whom
some have supposed a pupil of Praxiteles, and who en-
graved upon an amethyst Achilles playing on a Ijtc ;

Teucer, Carpus, and others, whose names would pro-
tract the catalogue to a great length. Among the Ro-
man artists, M. Millin includes all those whose names
do not appear of Greek origin, or are written in Latin ;

such as Aquilus, Felix, Quintii!u», Hufus, and a fevf,

but not many more. The Greeks still preserved their

taste for engraving on fine stones during the earlier

part of the darker ages ; nor was it obliterated entirely

from among the Romans. But the doctrines of Chris-
tianity, which gradually spread over the eastern and
western empire, were adverse to the art, from discoun-
tenancing images ; and those again being supplanted in

the seventh century by the Maliometan religion, it may
be said to have entirely disappeared. Here the history
of ancient gems concludes ; because the empire of the
ancients was overrun by barbarians, the arts sunk into

insignificance, and those that had shone with the great-

est lustre were obscured in the gloom of ignorance.

In retracing the qualities of the gems anterior to the
first centuries of Christianity, we fiml the Egyptians
did not produce any works of excellence ; their en-
gravings were principally symbolical, or representing

rude figures of their divinities in partial human shape,
or the animals that they worshipped. The Jews are
said only to have written names. The Etruscans pre-
sent few if any works of skill, or ofmuch interest. But
what remains of Grecian workmanship, or that of the
Romans in their zenith of I'efineniejit, exhibits beauty
and perfection belonging to no other people. Wherever
the arts are patronised they flourish ; for mankind, al-

ways guided by self-interest, will soon discover the way
to celebrity. Many circumstances conspired to encou-
rage engraving in Greece : The opportunity of receiving
the best materials from foreign nations ; ths historical

events of their own advancement to power ; the va-
riety, complication, and allurements of their religion,

all conti-ibuted to afford an infinite variety of interest-

ing subjects. The taste for gems may be called origi-

nal with the Greeks: Among other nations, it is rather

to be deemed imitative, and to have been introduced
along with a taste for the various arts. The Greeks
chose many interesting subjects ; the heads of emi-i
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iieiit men ; their divinities, with their adventures ei-

K
'~' ther in heaven or on earth ; historical events, which

were transmitted to posterity ; and the like. They
were particularly successful in the beautiful represen-
tation of the human body naked ; and they always pre-

ferred pictures undisguised by drapery. They were
masters in engraving animals either in a passive state,

or when animated with rage and ferocity. Dioscorides

engraved naked figures atRome; but the Romans, whose
works do not bespeak the same character as those of the
Greeks, generally concealed them in drapery. These
nations produced works in reliefand intaglio ; and there

arc rare examples of gems being engraved on both
sides. The artist just alluded to, worked in very slight

relielj which is reputed to be of extremely diflicult ex-

ecution ; but many figures rise highly prominent on the

gem. It has been supposed by tiie learned, that the

Greeks had better models than have fallen to the lot of

the more modern nations. " To judge by the heads
alone which we see on engraved stones, and particular-

ly by those which unquestionably are portraits, their

models abounded in beauties rai'ely found among our-

selves. The set of the eyes, the figure of the nose, the

smiling lips, the majestic countenance, in short, those

undefinable graces, which are the offspring of internal

sensation, never were the fruit of the artist's imagina-
tion only. The work declares, that he must have be-

held them in his model, and that nothing belonged to

him but to make a faithful representation. The Greeks
beside* had another advantage in l)eing able to study
tlie proportions and attitudes of the human body. Far
irom being disgraceful to appear naked in public, the

most distinguished characters contended for the prizes

^bestowed for wrestling, running, and similar exercises.

Many opportunities were thus presented for artists to

•examine the natural motions of the person, far prefer-

able to the constrained or languishing postures of our
mercenary models. Their draperies too were so simple,

that we might affirm they were devised to betray the

human figure itself; and of this we are so well aware, as

invariably to adopt them when dignity or expression

are required."

Amidst all the variety of subjects represented on
gems, it is not wonderful that antiquarians should be
led into errors and controversies ; of which, a notable in-

stance appears in Michael Angelo's seal, now preserved
at Paris. By one, this subject is supposed to be Alex-
ander the Great represented as Bacchus ; by another,

it is thought a religious procession of the Athenians ;

and there are others, who suppose it simply a vintage,

or sacrifical rites relative to the conquest of India. But
it is said to be proved, that instead of being an antique,

this gem was engraved by an intimate friend of Michael
Angelo himself; which is sufficient evidence of the un-
certainty relative to ancient engravings. The seal is

a cornelian ; it was bought by tlie keeper of the ca-

binet of Henry IV. of France for 800 crowns ; and
Louis XIV. having afterwards acquired it, frequently
wore it as a ring. Specimens of Greek workmanship
are always more anxiously sought by those who appre-
ciate the arts of antiquity.

Modern en- ^^ '^" scarcely recognise the appearance of gems,
graved before the revival of the art of engraving among the
gems. Italians in the fifteenth century. It experienced seve-

ral fluctuations during those which succeeded, but was
at length completely re-established, and several masters
have produced works which almost rival those of the
ancients. The names of Dominico de Camei, Maria de
Pescia, Caradosso, Tagliacarne, Valerio de Vincenti,

aful more receiitly Sirleti, who died in the year 1 737.

This artist claimed his descent from a cardinal of the Gi

same name, who had distinguished himself in ecclesias- "-^

tical affairs ; he was a goldsmith, as well as an engraver
on fine stones, and the style of his performances bears
a close analogy to that of the Greeks. Amidst a mul-
titude of subjects, he engraveil the Apollo Belvidere,
the Farnese Hercules, and the rest of tlie finest statues
preserved at Rome ; but his c/iif d'ccuvre is esteemed
the groupe of Laocoon on an amethyst. The art has
been successfully cultivated in that country, in the
most recent times, by Santarelli, Capperoni, Rega, and
by a female artist, Signora Talani, of great celebrity in
Rome. France has produced some good engravers,
though the ability which they have displayed has been
less permanent than in Italy ; but the best was proba-
bly M. Guay, a native of Marseilles, who flourished in
the middle ot the preceding century, and is extolled by
Gori as opijictim gemmarum decus el oinmneiUum. He
studied fi^rst at Paris, next at Florence, and afterwards
at Rome, where he prosecuted his profession in imita-
ting the chosen productions of the ancients. After re-

turning to his native country, he was appointed engra-
ver of fine stones to the king ; and with his decease the
art is considered to have expired in France, until re-

stored under the patronage of the National Institute,

in awarding a premium to M. Jeuffroy in 1810. There
are very few, if any, of the arts in which the Germans
have not excelled; indeed, they seem to stand pre-emi-
nent among the moderns for mechanical ingenuity. Yet
their first engraver on gems, Henry Enghelhart, was on-
ly a cotemporary of Albert Durer. One of the best was
Laurence Natter, a native of Biberach in Suabia, who
followed tlie profession of a jeweller both there and in
Switzerland ; then travelling through Italy, he esta-

blished himself at Venice, devoting his attention exclu-
sively to engraving gems. After visiting England, he
repaired to Denmark and St Petersburg. In Den-
mark he engraved several of the royal family, es|)ecial-

ly the Princess Royal, whom lie represented on an oval

black and white onyx, three inches long, and in relief

so prominent, that the head projected about half an
inch from the stone. He next engraved an elephant,

for one of the royal orders, also in relief, on an orien-

tal jasper, which being of different colours, enabled
him to make the elephant and a man mounted on it

white, tlie tower reddish on its back, and the feet of
the animal darker, while the ground of the wiiole was
a fine deep green. Natter was treated with particular

regard by the King, Christian VI. wlio assigned him an
apartment in his jjalace, and bestowed upon him va-

luable presents when he departed for England, where
he died in the year 1 763. Natter was the author of a
treatise on gems, wherein he draws a comparison be-
tween the works of the ancients and the moderns, and
lays down the principles of the practical part of the art.

It has been erroneously maintained, that he is the only
author who does so ; but in a treatise by M. Mai-iette, a
few years anterior, it is tiiscu^sed still more at large

:

Both these works are extremely useful to the artist and
antiquarian.

Modern gems, by common consent, are judged infe- Counteti

rior to those of antiquity, and hence many attempts have gems.

been made to substitute fictitious gems for those which
are real. This is accomplished by two or three different

methods : the improvement of a stone, which is really

precious,—the imposition of an absolute counterfeit of it,

—or the insertion of the name of an ancient engraver on
a protluction of modern origin. This last expedient is

by no means uncommon ; and some of the most repu-

table engravers are accused of lending their assistance
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to tlie fraud, which may be detected, at least in gome
instances, in the inferiority of the spurious work com-
pared witii that of the master. The beauty of the gem
should always correspond with liis celebrity ; and, if a
number should be ottere<l untler the same name, strong
suspicions may be entertained whether they be ge-
nuine, because engraving on hard stones is a tedious
and difficult art. The principal engravers, for the most
part, employed themselves only on the finer stones ;

and therefore the names of these annexed to stones of
inferior quality ren<ler them doubtful, especially if as-
cribed to the Greeks, or if they are of indifferent exe-
cution. Greek engravers inscribed their names in their
own characters, which are borrowed by tlie Romans
for tlie same purpose; and even modern engravers
have not hesitated to use Greek characters on the
works from which they themselves expected to gain ce-
lebrity. The most common deception is the insertion of
a celebrated name on a gem, ancient or modern, where
It is entirely wanting ; and the artists most successful
here were Natter, Pichler also a German, and Sirleti.
The first of these rather appears to defend the prac-
tice ; for he observes, « Scarcely had I arrived at Rome
when the Chevalier Odam engaged me to copy the Ve-
nus of M. Vettori, and convert it to a Danae, adding
the name of Aulus. I afterwards sold this production,
though a trifle, to M. Shwanav, who was then governor
of a young prince, and he seemed to prize it highly,
knowing it to be in my style. I have no hesitation in
avowing, that I still continue to make similar copies
whenever they are commissioned ; but I defy all the
world to convict me of having sold any one of them as
an antique." A gem with a counterfeit name was soldm 1749 for 450 Roman crowns, to a Polish nobleman,
who presented it as genuine to the Marchioness of
Luneville. Precious stones are of unequal value, from
Oieir faintness or intensity of colour, which has led to
different methods of improving them. This is gene-
rally done by heat, which, if applied in a proper degree,
and sufficiently regulated, has sometimes an admirable
effect. From the unifonn beauty of the ancient come-
bans, and the great inequality of the modern, it has been
suspected there was some method of purifying them as
IS alluded to by Pliny. The Japanese are said to possess
the secret; and it is common elsewhere to raise the pale
yellow of a species bearing little value, to a fine glowing
red. Gems being transparent, their colour is affected by
that of the substance whereon they rest; and hence the
variety of foils employed in setting them, which may de-
ceive an uskilful person. But a more ingenious kind
of deoepuon is practised, in interposing the thinnest
possible layer of any colour between two pieces of fine
rock crystal, which counterfeits the real gem. Many
rules are given for the detection of frauds; but they
are ot difficult acquisition, and can be learned only bv
practice. •' ^

Independent of these expedients in counterfeiting an-
cient gems, or m improving the appearance of hard
stones, the imitation of the latter has been carried to a
very great extent, as forming a branch of experimental
chemistry Seneca acquaints us, that Democritus had
discovered the art of making artificial emeralds; but.
in the opmion of Professor Beckmann, this was nothing
more than givit^ a green colour by cementation tS
rock cry^ta^. Plmy mentions several artificial stones;
and Trtbelhus Polho relates, that Gallienus, enraged at
a decepuon in selling «' certain glass gems to hU wife
tor real jewels punished the cheat with castration ;and w lien the byestanders expressed their surprise, he
oraered the crier to proclaim, imposlwamJecU et passm
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est. 1 he difficulty of obtaining glass in extreme puri- Gem*
ty, was in itself a sufficient guide to colour it in imi- """'V'"
tation

; and this art was undoubtedly known from an
early age. At Alexandria, the glass manufacture was
in high repute, which is corroborated by an Egyptian
priest presenting several glass cups, sparkling with
every colour, to the Emperor Adrian, who valued them
so highly that he allowed them to be used only at fes-
tivals. 1 he coloured glass of this city was ascribed by
Strabo to a kind of earth found in the neighbourhootf.
Many ol the antique fictitious gems, or pastes as we
more commonly denominate them, are preserved ; and
the art seems to have been one of the few which was
not lost during the darker ages. Heraclius, an author
ot the nintli century, gives directions, in uncouth La-
tin verses, how to imitate precious stones after this
manner, in a treatise de Arti&us Romanorum. We do
not know what perfection was then attained ; but the
imitations were so successful, or the people so unskil-
ful, that coloured glass passed current for the pre-
cious original, and donations were unsuspectingly
made by crowned heads of this as of the most valua-

u
^^^,^^^^^^- A celebrated vase belonging to the ca-

thedral of Genoa was believed to be a real emerald du-
ring centuries, and, on a certain emergency, was pled-
ged for a sum equivalent to £30,000 steriing. Natter,
one ot the most skilful modem artists, was long decei-
ved by a composition in imitation of onyx. The sur-
face was blue, with a black ground, and the whole so
intimately resembled a natural production, that it was
not before some accidental circumstance induced him
to put It to the test, that the truth was ascertamed.
An antique green paste belonged to the same artist
with a white zone in the middle exactly like an onyx,
xnA which did not undergo any alteration from heat.
The anaents were, besides, acquainted with the art of
compounding such party coloured pastes of large size,
jvhich they are supposed to have accomplished by dip-
ping a black, blue, or brown lump of glass in a mass
ot milk-white enamel glass, and blowing it into its
proper form ; then the outside being cut away, the fi-
gures required were represented in relief. Mr Raspe
says, that something of the same kind is at present
practised in the glasshouses of Bohemia. The art of
making fictitious gems was revived and carried to an
uncommon degree of excellence by ingenious chemists
of the seventeenth and eighteenth century, whereby
the most accurate imitation ofprecious stones, combined
with antique engraving, has been effected. Neri, Kun-
kel, and particularly Orschall, who all flourished in the
former period, made important improvements ; but the
two latter seem to have attended more to the imitation
of a ruby colour, which was considered most difficult to
obtain, and was then the subject of animated controver-
sies. They were succeeded by Homberg, an eminent Modern '

chemist, who was patronised by the Duke of Orleans, artists,

regent of France, and who has left a tract on the subjectm the Memoirs of the Royal Aca<leray for 1712 ; Lippert
ofDresden, originally a glazier; Riffenstein at Rome; Dr
Quin of Dublin ; James Tassie of Glasgow ; and a fe-
male artist, M. Feloix, who of late years carried on the
fabrication of artificial gems with great success in Paris.
To these names must be added that of M. Fontanieu,'
who, by a numerous series ofexperiments, has explain-
ed an improved method of making pastes for every dit-
ferent species of stone. Tassie perhaps extended the
ait farther than any of the rest; for, availing himself of
the skill and industry ofothers, he collected no less than
15,00() subjects, originals, counterfeits and impressions,
thewholeot which he seema to have imitated. This aitisti



128 GEMS.
Gems, was bom in Scotland, and practised modelling and sculp-

""^i'"^ ture in Dublin during three years preceding 1766. He
then repaired to London,where, amidst the study of vari-

ous branches ofthe fine arts, he confined himself princi-

pally to the composition of coloured pastes and artificial

gems. The former were first brought into repute by
the London jewellers, employing them for ornamental

purposes ; tlie latter consisted of a beautiful hard white

enamel, which struck fire with steel, and was not affect-

ed by heat. Tassie carried on an extensive traffic in

these fictitious gems, which he sold from eighteen pence

to two guineas, according to the quality ; and the late

empress of Russia, a liberal patron of the arts, commis-
sioned a complete set of his whole collection. This he
executed in a masterly manner, imitating original gems
where circumstances admitted of it, where other-

wise the pastes were chiefly transparent ; and cabinets

containing them are now in the imperial palace of

Czarsko Celo. As public fashions are fluctuating, pastes

began to lose their value, and fictitious engraved gems
are at present in little repute in Britain, though imita-

tions of precious stones are still worn as personal orna-

ments.

Practic.-tl Tlie practical part of the art of making fictitious

art of ma- gems, in so far as relates to colour and consistence, is

Jang ficti- amply explained by M. Fontanieu, from whose work
ous gems.

^.^ ghall quote a few observations, as his principles have
received general approbation. M. Fontanieu's primary
object was the discovery of a colourless base, constitu-

ting the elements of all gems, which, by the addi-

tion of metallic oxides, would imitate their respective

tinge ; and he found it might be obtained from diffe-

rent siliceous substances, pure sand, flint, pebbles, or

rock crystal. Any of these, such as crystal or pebbles,

being pounded, are put into a crucible and heated red
hot ; the contents are emptied into a wooden bowl fill-

ed with clean cold water, and being shaken from time
to time, the lighter particles of extraneous matter es-

cape and rise to the surface, while the rest, together

with any metallic particles, remain below. The water
is-then decanted, and the mass being dried and pound-
ed, is sifted through a sieve of the finest silk, after

which the powder is digested four or five hours in the

muriatic acid, shaking the mixture frequently. Having
poured off the acid, a pure vitrifiable earth remains,

which, being frequently washed, is again dried and
sifted when it becomes fit tor use. From the earth

now obtained, M. Fontanieu formed six different bases,

of which the fifth seems to be that which, in respect of
quality, is preferred by himself; and his proportions are
all calculated in parts of eight ounces each. The first

base is formed by 20 ounces oflead in scales, 12 ounces
of prepared rock crystal or flint, 4 ounces of nitre, .4
ounces of borax, and 2 ounces of arsenic, which being
well pulverized and mixed, are melted in a Hessian
crucible, and poured into cold water. The mass is melt-
ed again a second and a third time, always in a new
crucible, and after each melting poured into cold wa-
ter as at first, taking care to separate the lead that may
be revived. This fonns the first base. The second is

obtained from a mixture of 20 ounces of white ceruse, 8
ounces of prepared flint, 4 ounces of salt of tartar, and
2 ounces of calcined borax, all melted in a Hessian cru-
cible, and poured into cold water. The melting must
be repeatetl, and the mass washed a second and third
time with the same precautions as before. A com-
pound of 16 ounces of minium, 8 ounces of crystal, 4
ounccB of nitre, and 4 ounces of salt of tartar, consti-
stutes the third base, being treated as in the preceding
examples. The fourth is formed by 8 ounces of rock

crystal, 24 ounces of calcined borax, 8 ounces salt of Get

tartar mixed and melted together, and poured into ^"^
warm water. The mass being dried, an equal quanti-

ty of minium is to be added, and the whole repeatedly
melted and washed as before. Fifthl\-, a base judged by
the author as one of the finest crystalline compositions,
and called by him the Mayence base, is procured in the
following manner: Eight ounces of rock crystal, or
flint pulverised, is baked along with 24 ounces of salt

of tartar, and the mixture left to cool. It is afterwards
poured into a crucible of hot water to dissolve the frit,

and the solution is received into a stone ware pan, and
the nitrous acid added until it no longer eflervesces.

The water being decanted, the frit must be washed in
warm %vater until it ceases to have any taste ; and the
frit being then di-ied and mixed with 12 ounces of fine

ceruse, or white lead in scales, the mixture is to be well
levigated with a little distilled water. An ounce ofcal-
cined borax is now to be added to twelve ounces of
this powder when dried, the whole well mixed in a
marble mortar, then melted and poured into cold water,
in the same manner as in the rest of the bases already
described. After repeating these fusions and lotions,

and the mixture being dried and pulverised, five

drachms of nitre are to be added, and the whole being
melted for the last time, a mass of crj'stal will be found
in the crucible with a beautiful lustre. Lastly, a very
fine white crystal may be obtained from eight ounces
of ceruse, two ounces of borax finely powdered, half a
grain of manganese, and three ounces of rock crj'stal

treated as above.

The colour of artificial gems is obtained from me-
tallic oxides, a fact that must have been almost coeval

with the discovery of vitrification; but the opinion of
chemists has differed as to their proportions and com-
binations. The diamond being colourless, is imitated

simply by the Mayence base ; and M. Fontanieu gives

receipts for making all other fictitious gems, of which
the following ai-e examjjles. The oriental topaz is pre-

pared by adding five drachms of antimony to colour

24 ounces of the first and third base : tlie amethyst,

by taking 24 ounces of the Mayence base, to which are

added for colour, four drachms of manganese, prepar-

ed by being exposed to a red heat, and quenched in

distilled vinegar ; then dried and powdered, and passed

through a silk sieve, and also four grains of precipitate

of cassias. The hyacinth is obtained from a base of

prepared rock crystal, and two drachms 48 grains ad-

ded for colour. To imitate the beryl, 96 grains of an-

timony, and four grains of the calx of cobalt, are ad-

ded to 24 ounces of the third base. Precautions, how-
ever, are necessary in preparing the oxides ; and these

the author has detailetl at length in his original work,

of which there is <in abstract in the Journal ite Phjisique,

1778. A fictitious turtiuoise, from a composition by
M. Sauviac, has lately appeared in France, which is a

perfect imitation of the original, and the colours pene-

trate the substance of the mass. It is now ascertained

tliat the genuine turquoise is not what may be called an
original product of nature, but the petrified bone of

i,

an animal. The same artist, M. Sauviac, has likewise

made fictitious malachite.

The quality of artificial gems consists in their abso-

lute uniformity of texture, compactness, hardness, and
lustre ; and it is surprising to wliat perfection repeated

practice has brought the art. Fictitious gems may be

detected from their softness, which always yields to the

file, and from their small specific gravity.

The artist having chosen his natural gem, it is put

into the hands of the lapidary to give it surface and
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fijjiirc. Next !ic moilils the subject in Max, as <lclicate-

ly as possible, whicli lie means to represent, in order

that he nmy constantly avail liiniselfof the resemblance,

or he lias some other subject which he is to imitate

before him. Mis tools are few and simple, consisting

of a latlie nearly on the same principle as the turning

lathe, into tlie end of the spindle of M'liich he can in-

sert points, knobs, or circles. These project a certain

distance, and receive a rapid motion from a wheel be-

low. The gem is fixed with mastic- to the end of

a small piece of wood as a handle, and the artist sketches

the subject upon it with a copper point or a diamond.

It is then applied to the end of one of the tools in mo-
tion, which, being wet with diamond dust and olive

oil, quickly grinds off the surface; and, by long per-

severancfi, or frequent rejietition, produces the outline

of the figure, and the', the hollow or relief. Frequent

impressions must be taken in the course of the work,

to shew where there is any excess or defect ; for the

slightest error in one part, may occasion the alteration

of the whole. Siich impressions, however, are neces-

sary only in intaglios, * not in cameos, because both the

prominences and depressions are there obvious tothe eye;

and experienced artists consider it more easy to work on a

convex surface, from the distance interposed between

the tool and the hand. Although the most elegant

curves may be produced with skill and attention, much
difficulty is experienced in cutting angles ; for the tool

being the segment of a circle, can never be closely ap-

plied ; and hence all the letters on the ancient gems,

even of the first mafters, are imperfect.

The tools employed are either of soft iron or copper;

and in defect of diamond powder, that of the ruby, or

other hard stones, may be substituted. In cutting

the amethyst, the Bohemian emerald, or crystal, wa-

ter is used to wet the diamond dust insteatl of oil.

Tools of still softer metal, along with tripoH, or rotten

stone, and lastly brushes, are used in giving gems
their final polish ; but it has been observed, tiiat, in

this respect, the moderns have never been able to equal

the ancients. We describe this process in few words,

but it is a slow and tedious operation, and requires a pe-

netrating eye, and a delicate hand. The artist must be
master of drawing and modelling, and he must be a suf-

ficient naturalist to be intimately acquainted with the

properties and imperfections of the various finer stones.

Although the art of engraving gems might have been
jireservcd during the darker ages, it is doubtful whe-
ther the method of giving impressions to paste, with-

out engraving, was not entirely lost. It was revi-

ve<l, however, by M. Hombcrg, who, in the year 1712,
explained it in such a manner, that all later ar-

tists have been enabled to follow his precepts. A
quantity of soft, smooth, red trijioli is pounded in an
iron moi-tar, sifted through a fine silk sieve, and set

aside for use. Another species, called 3'ellow, or \'e-

nctian ti-ipoli, which has a natural kind of unctuosity,
is then scraped with a knife, and bruised in a glass

mortar, with a glass pestle, imtil reduced to a very fine

powder; the finer it is the more favourable for the im-
pression. The red tripoli is now to be mixed to the like

consistence of paste with water, and when moulded
between the fingers, it is put into a small flattish cru-
cible, scarcely exceeding half an inch in depth, and
little more in breadth at the surface than the size of
the gem, whose impression is to be taken.' The cruci-
ble is then to be filled with the paste, slightly pressed
down into it, and the dry yellow tripoli strewed over
its surface. Here the stone which is to give the im-
pression must be laiil, and pressed down so much on

the paste, as to give it a strong, clean, and perfect im-
pression ; and the tripoli is to be collected and applied
nicely to the edges, with the fingers or an ivory knife.

After the stone has lain a few seconds to allow the humi-
dity ofthe paste to moisten the dry powder ofthe yellow
tripoli scattered over it, the operator must raise it care-

fullj' by a needle fixed in a wooden handle, and the
crucible being inverted, it will fall out, while the im-
pression remains on the tripoli still adhering to the
crucible. The stone must now be examined, to ascer-

tain that none of the paste has come off along with it,

otherwise there will be a corresponding defect in the
impression, and the ojicration muot be repeated. Ha-
ving allowed the crucible and paste to dry, the artist

selects a fictitious gem of the suitable size to be laid

over the mould, but in such a manner as not to touch
the impression, which would thus be obliterated or in-

jured ; and the crucible being gradually brought near-
er the furnace, is to be heated until it can no longer be
touched by the hand, when it must be placed in the
furnace under a muflle, surrounded with charcoal.

When the gem begins to appear bright, it is the sign of
being ready to receive the impression. The crucible
must now be taken from the fire, and the hot gem jn-es-

sed down with an iron implement, to make it receive
the impression fi-om the mould below it ; after which
the crucible is to be set by the side of the funiace, to
cool gradually without breaking. When cold, the
gem may be removed, and its edges nipped or grated
round with pincers, to prevent it from cracking, which
sometimes happens. Red tripoli is used for the paste
only from economy, as it is the yellow species alone
which is adapted for the purpose. Casts of plaster of
Paris may be substituted for both, made into small
cakes half an inch thick, and being put into a furnace
without a crucible, the gem is to be pressed down upon
it to take the impression.

Many discussions have arisen among the learned con-
cerning the use of those ancient gems, now preserved
w ith so much care in our cabinets. The beauty and ra-
rity of natural jewels constitute their principal recom-
mendation, and they have always been employed as
personal ornaments, some being more prized than others,

according to fashion or ideal properties. It has been
supposed that engraved gems were applied in the same
manner, and purposely sculptured for ornaments.

During some time, there was an ordonnance of
the Roman emperors, prohibiting the use of rings
bearing their portraits, the infringement of which was
little less than a capital crime ; and we are told of
the prtrtor Paulus being exposed to imminent danger,
from having a cameo representing the Emperor Tibe-
rius. Vespasian wisely removed this restriction. But
the use of those elegant subjects of mythology and
histor}', which appear in relief, is less evident, unless
it had some relation to the religious principles of the
owner, or was like a picture, designed to perpetuate
historical events. It is said that the Romans long ab-
stained from engraving any image of their gods on
gems ; but adopting the religious fashions of other na-
tions, they became enslaved by superstitions. Augustus
sealed with the head ofAlexander, and then substituted
his own, engraved by Dioscorides. Before resorting to
either, he had scaled with a sphynx. Xero is said to
have had a seal enOTave<l with the subject of Apollo
flaying Marsyas ; that of Pompey represented a lion
holding a sword ; and the Emperor Galba retained the
seal of his ancestors, representing a dog on the prow
of a vessel. Sylla, proud of the capture of Jugurtha,
caused a representation of the King Bocchus, deliver-
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ing up the Prince, to be engraved on a ring which he

wore on his finger, and always sealed with it ; and
Scipio Afi-icanus did the same to commemorate one of

his conquests.

The ancients entertained a great partiality for rings;

they wore many of the most valuable kinds at a time,

loading their fingers, in the words of Pliny, witli extra-

vagant wealth, censu npimo digitos onerabanl ; and these

rings, as we have seen, contained either natural jewels

or engraved gems. Most, probably, numerous cameos

were worn in the same way, merely for ornament, and
cutting them migiit simply be a display of art in minia-

ture, as sculpturing a statue, or painting a picture. But
they had special collections of gems; as a taste for

works of nature and art was not inferior at certain pe-

riods of ancient empires to what now prevails. Caesar

had a splendid cabinet, which he had collected at an

immense expence, and of which the pearls of Great

Britain constituted a valuable portion. This he conse-

crated to the temple of Venus Genetri.x ; and Pompey
deposited the gems and rings found among the spoils

of Mithridates in the capitol at Rome.
With the irruptions of barbarians, the arts were over-

thrown; and the most ingenious works of antiquity

were consigned to oblivion. Among those which esca-

ped, some became votive offerings in the hands of the

earlier Christians to the shrines of their sauits, and have
thus been preserved through ages; but by far the

greater part were lost or destroyed.

See Pliny Historia NaluraUs, lib. 37, 38. Gorlaeus

Daclyliolheca. Gorius Dacli/liolheca Smilhiana. Gem-
marum antiquarum, delectus ex prcestanlioribus desumplus

qiiOB in Dacii/liolkecis Ducts Marlhuriensis conservantur.

Le Chau et Le Blond, Description des Principales

Pierres Grnvees du Cabinet dc M. le Due d'Orleatu.

IVIariette, Traite des Pierres Gravecs. Stosch, Geinmas

Antiqiice ccelalce sculplorum nominibus insiguitcB. Natter,

Traite de la Methode Antique de Graver en Pierrcsjinrs.

Ilaspe, Descriptive Catalogue of Tassie's Gems, 2 vols,

in 4to. Memoircs del'Academic Rotjale,\''t 12. Orschall,

Sol sine veste. Fontanieu, I'Art de faire Ics Cristaux,

Paris 1778, in 8vo; and Journal de Physique, (c)

GEM MI, is the name of a lofty mountain of Switzer-
land, situated between the Upper Vallais and the can-

ton of Berne. Its name is derived from Gemini, indica-

ting the two summits of the mountain. The height of
Gemmi above the level of the sea is 6g85 feet. On the
southern side of the mountain, which is extremely preci-

pitous, a road has been cut in the rock, which is accessi-

ble to mules and beasts of burden, and is reckoned the
greatest wonder in Switzerland. It was constructed by
the Tyrolese, between the years 1736 and 1741, at the
joint expence of the Vallais and the canton of Berne.
It is about nine feet broad, and the traveller is separated
from the precipice only by a small parapet. The de-
scent of this mountain is particularly alarming to those
who are subject to giddiness. The invalids from the

north of Switzerland, who frequent the baths of Leuk,
are carried upon a barrow by eight men, who relieve

one another by turns. When they arrive at the fright-

ful passage, the invalid is turned with liis back to the
precipice; his eyes are tied up, and the undaunted
guides endeavour to dispel his fears by singing. From
the baths of Leuk to the Chalets of Gemmi is a distance
of 10,110 feet, and the vertical height of the wall of
Gemmi above the baths is 1600 feet. From the high-
est part of the road, there is a magnificent view of the
.Southern Alps, which separate Pieilmont from the Val-
lais. See Alps, p. 578.
CjENDER. See Gram.mar.
GENERA, in Music : with Euclid and others of the

ancient Greek writers, implied or included the various
modes of dividing and disposing of the divisions oi the
Tetrachord, or minor Fourth, which Interval seems to

have been considered as the constant boundary of
sounds with the ancients, as the Octave is now with us.

The three genera were called CunoMATicuM, Diatoni-
cuM, and Lnharmonicum. The two first of these ge-
nera have been afready treated of under their respec-
tive articles, and the other remains to be described.

According to Euclid, in the Enharmonic genus, the
Tetrachord was so divided, that the first degree was a
diesis or quarter of a major tone, the second degree the
same, and the third degree sudi a ditone as would
make up the true fourth : that is, in our notation
Plate XXX. Vol. II.
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According to Aristoxenus, in this genus, the tetra-

chord was divided into SO equal parts, which were thus
distributed, viz. 3-|-3-f 24=30; or

^ths, or f X'lth=203.19^)86 2-1-4 f-f- 18 m
3-Vths, orTVX4th= 25.326'74 2+ f-f 2 m
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Dr Pepusch, Mr Overend, and Dr Boyce, were of

opinion, that this genus was thus constituted, viz.

T-ft (or IIl)=]9T2:-f4f-f-17m
e= 21 S -f-2m
6= 362-f f-l- 3m

4th=254S-f5f+22m
According to Ptolemy, this genus is said, by Dr Wal-

~ or
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lis, to have been J J x tj
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GENERATION. See Phvsiologv.
GENEV^A, is a city in Switzerland, and capital ofan

ancient and independent republic of the same name. It

is situated on the confines of Savoy and France, at the
southern extremity of the Lake of Geneva, where the

Rhone issues from it in two rapid transparent streams of
abeautiful blue colour, which unite after passing the city.

These two branches of the Rhone are crossed by two
wooden bridges destitute of beauty, and divide the town
into two unequal parts. The principal part of Geneva
is situated on the left bank of the Rhone upon a rising

ground, about 80 or 90 feet above the level ofthe Lake.
Geneva is surrounded, except towards the Lake, with 1

high walls and fortifications, which were begun at the '

commencement of the seventeenth century under the

direction of Agrippa D'Aubigne. The building of the

bastion of Hesse, which is well worthy of being visited

by strangers, cost no less than 10,000 crowns, which
Philip, landgrave of Hesse, had given to tiie republic for

this purpose. The southern gate of the city is remark-
ably beautiful. The double ditclies round tliis gate
are filled witli water.

Tlie town of Geneva is irregularly built. Some of
the streets are extremely steep. The houses are loft}',

consisting frequently of four or five stories ; and in the

commercial part of the town, particularly in the Rue
Basse, they have gloomy arcades of wood supported by
huge wooden pillars, which rise to the very top of the



^

-J.

GEN
house, nnd thus protect the foot passengers from the ef-

fects of the sun and the rain. In this street, there are

two rows of low woo<len shops in front of tlie houses,

separating the street from the foot pavements.

The upper part of the town form'* a striking centrist

with the lower j)art, not only from the splendid views

which it commands, but also from the admirable houses

that it contains. The Rue Nouveau de Beauregnrde,

commanding a splendid view of the Lake and the

Western Alps, contains many elegant houses ; and the

Terrace, which looks to the mountains of .Sion, consists

ofthe houses of M. M. Tronchin, Boissier, Sellon, Saus-

sure, i*vc. which are large quadrangular buildings.

The principal public edifices and establishments, are

the cathedral of St Peter's ; the Hotel de Ville ; the ar-

senal; the college; the public library; the hospital;

the theatre; and the places of worship. The cathedral,

situated in the upper part of the town, is a large mo-
dern church of (lothic architecture in the interior, with

n fine organ, and windows of painted glass. The por-

tal is in imitation of that of the Hotondo at Rome. It is

built of rough marble, and consists of a fine peristyle of

six Corinthian columns supporting a pediment which is

gurroundcd by an ugly substitute for a dome covered with

tin. In the time ofthe AUobroges and the Romans, a tem-

ple, consecrated to the sun, occupied the spot on which
the cathedral now stands. It contains the tombs of the

Duke de Rohan, the head of the Protestant party in

France, who was banished by the Cardinal Richelieu,

and who died of the woimds which he received at the

battle of Rhinfeld. His wife, the daughter of the great

Sully, erected this monument to his memorj*. Another
tomb is erected to his son Tancred ; and another to the

celebrated Agrippa D'Aubigne, who died in l630. The
view from the top of the catkedral is very extensive and
magnificent. The other churches of Geneva have no-

thing remarkable in their appearance. That of St Ma-
delaine is very plain without, but neat within ; and the

churcli of Fustiere, in the square of the same name, is

more like a large house than a religious edifice. The
Hotel de \ille is situated in the upper part ofthe town.

It is an ancient and uninteresting building, with large

Ciothic halls, and has a singular paved staircase without
any eteps, like an inclined plane. Between the two
principal gates, is an inscription in commemoration of

the abolition of tlie Catholic religion. The arsenal, like

all other buildings ofthe kind, contains specimens ofan-
cient Hi'niour, and arms for 1 2,000 men.
The college is a quadrangular building. Each class

has a separate and commodious school-room on the
ground floor, so as to occupy the two sides of the qua-
drangle, and the upper part of the building contains

apartments for the use of the principal or general in-

spector, and for the public library of the city. The
public library was founded by Bounivard, prior of St
V'ictor, who lived in the time of the Reformation, and
who was twice imprisoned, for having asserted the in-

dependence of Geneva against the Dukes of Savoy. He
betjueathed to it his manuscripts, relative chiefly to the
history of Geneva, and his books, and left his fortune
for the sup]K)rt of the college. It now contains about
50,000 printed volumes, and 200 MSS. of which an ac-

count was published in 1779, by M. Senebier the libra-

rian, entitled, Calalosue raisonnee des Mimuxcrits con-
serves dans la Bibliothecjue de Geneve. Among these,

are 24 volumes of CsJvin's sermons, and a large collec-

tion of the letters of that celebrated reformer. There
are also MS. letters of Beza and BuUinger, the homilies
of St Augustine, written upon the papyrus in the sixth
century, and a book of the expences of Philip le Bel for
1314.. This curieus journal consists of six tablets of
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wood covered with a kind of wax, in which the letters • Gencvn

are engraved. One of the chambers of the library con- '"^z"™^
tains a collection of optical and mathematical instru-

ments, anatomical preparations, and anti(|uitics. Among
these is a round buckler ofsilver 3'toz. in weight, witli

the following inscription : iMrgilar D. N. P'nlentiitiani

Aiigiisli. It was found in the bed of the Arve in 1721,
and it is the only one of the kind in existence, excepting

that which is preserved in the royal library of Paris.

The library is also adorned with paintings of several

eminent men ; and at one end of it is a fine bust of
Charles Bonnet, the celebrated naturalist. One of the

halls of the college contains several models in gypsum
of ancient statues, groups, busts, and bas-reliefs, and al-

so some fine paintings of St Ours and De la Rive. The HospiiaU.

public hospital is a large and elegant quadrangular build>

ing, and along with other four charitable establish-

ments, it has an annual expence of 80,000 crowns. In

these establishments about 4-000 persons ai-e annually
relieved, and their benefits are extended even to indigent

foreigners. The theatre is a neat edifice, situated a^ Theatre,

the south gate. The front of the theatre consists <k
six Ionic columns, fluted two-thirds oftheir length frouV ^•'

the capital downwards. Geneva is supplied with wa-
ter by a hydraulic machine, which raises it to the height

of 1 00 feet, and furnishes 500 pints of water in a minute
to the public fountains. The principal piece of anti-

quity at Geneva is the Tour Maitresse, a remnant of the

ancient wall, built in 136G by William de Marcossai.

Among the collections of natural history in Geneva, Collections

one of the most celebrated is that of the able chemist °[ n»'ifal

Theodore de Saussure, the son of the celebrated Saus- '"^"'y-

sure. It contains a fine collection of minerals, petrifac-

tions, volcanic productions, insects and birds, and a col-

lection of philosophical instruments and chemical ap-
paratus. The collection of Dr Jurine, besides a cabi-

net of ornithology and entomology, contains a collection

of all the fossils of St Gothard. There are also collec-

tions of minerals in the possession of M. M. Pictet, Tol-
lot, Tingi-y, De Boissy, and De Luc.

Geneva is well supplied with excellent baths both Baths an4

wann and cold. The baths of LuUin are erected in the ""9*™'

very middle of the Rhone, where it issues from the ''P"°8'-

lake. The warm baths in the quarter called Le Der^
riere du Rhone, are much frequented, on account of the
fine view which some of the apartments enjoy. A warm
mineral spring was some years ago discovered at St
Gervais, in Savoy, at a little distance from Sallenche.

Buildings have been erected on the spot, and have been
in use since 1 809. The temperature of the water is

3^^° of Reaumur. Fifly pounds of it contain,

Oi. Dr. Gr.

Sulphate of lime mixed with one-seventh
of carbonate of lime 1 2

Sulphate ofsoda 1 6
Carbonate of soda 07 S
Carbonate ofmagnesia 2 20
Petroleum 2
Concrete carbonic acid 1 8

It is supposed to have the same medicinal qualities as

the baths of Leuk in the Vallais.

There is perhaps no town in the world, which can
boast of such an immense variety of splench'd and in-

teresting views a.s Geneva. Within the city, the houses Views an«l

whidi form the lofty terrace already mentioneil, tliose prome.

in the street of Beauregard, and those which are near "*•*•*•

the cathedral, enjoy, from their elevated situation, very
interesting views of the lake of Geneva, the Eastern
Alps, the Saleve Mountains, &c. The principal pro-
menades within the city, are the Trcille, the Bastions,

and the Place de St Antoine, from which there is a fine
'
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r.cnevi. view of the lake, with the various villas on the side of separate mid commodious class room. The scholars

^""V^ Cologny as far as Yvoire, where the Lake begins ra- generally continue a year in each class, and no one is

pidly to expand itself. It commands also a view of the permitteil to leave his form, till he is fit for being promo-
opposite side of the lake, including Copet, the seat of ted to a higher one. An account of the degrees of good
Madame de Stael, Nyon, and Morges, which is not far and bad conduct of every boy is regularly and faithful-

from Lausanne. The Little Languedoc is also a favou- ly kept, which is summed up at the end of the week,
rite promenade, when the wind blows fi-om the north. Twice every year prizes are distributed for good con-

View of
^^^ country around Geneva is so extremely grand tluct, and for progress in study ; and once in the year,

.Mont Blanc an^l beautiful, that it is impossible to walk in any di- generally in the beginning of June, exercises are pro-

andthe rection without being gratified with the views and ob- posed to each class, and prizes are atljudged to the best.

Alps. jects which are constantly presente.l to tlie eye. The These prizes are distributed on the day called the Day
right, or western bank of the lake, is more interesting of Promotion, the day before that on wliich the proper,

tlian the Savoy side. Mont Blanc, in clear weather, ly qualified students are promoted to a higher class,

is a principal feature in every landscape. About a A grand solemnity is on this occasion celebrated in

quarter of a league from the town, on the road to Fer- the cathedral church, and is attended by all the public

nay, the Mole, a hill about 4510 feet above the level bodies in their robes, and by crowds of citizens of
of the lake, first presents itself among the Eastern Alps, every class. On the celebration of this fete on the

To the right of this rises the Great and the Little Sa- 20th June 181*, 88 silver medals were distributed.

leve, 3022 feet high, remarkable for tlie whiteness of The second department of the system of education

their rocks. On the left, the round mountain of the at Geneva, is entrusted to the professors, who occupy
Voiron (3112 feet high) stretches its enormous and well the highest station in the academy. It is subdivided

•wooded flanks far to the e;ist, and between it and Sa- into different classes, called audUoires. All the courses

leve, rises the round and beautifully shaped hill of Mon- of lectures begin on the first Tuesday of August, and
toux, 62.5 feet high. Between tlie Mole and the Voi- continue summer and winter, with several vacations,

ron is seen the Aiguille des Argentiercs, and at a little which amount to between four and five months in the

greater distance the rounded summit of Mont Buet. year. Four years attendance is necessary to complete
The mountains of Brezon and Vergi (1000 or 5000 feet the studies of this dejiartment : the two first are devo-

high) appe.u- between the Mole and the Saleve ; and ted to the Belles Lettres, and the two last to the diffe-

above them Mont Blanc rises in all its majesty to the rent branches of philosophy. The pupils are examined
height of 13,'128 feet. In looking to the north-east, daily on the subject of the preceding lecture.

we can observe from the village called Little Sacconez, When the student has completed this course, which
all the mountains which stretch beyond Montreux and iis generally does at the ^e of 18, he may then attend

Chillon, (at the eastern extremity of the lake,) as far to the study of divinity, law, or physic. The following

as Molesson, which is 504-7 feet high, and is situa- is a list of the subjects on 'vhich lectures are delivered:

ted above the Gruyeres, in the canton of Fribourg, Natural philosophy M. A. Pictet.
about seventeen leagues in a straight line from Geneva. Mathematics M. M. D'HuiUier and
To the west and the north, tlie grand ridge of Jura Schaub
stretches its uninterrupted length. Its three highest Rational or moral philosophy . M. Prevost.
summits are, the Reculet de Thoiry, 4062 ieet high ; pharmaceutical chemistry . . . Dr De la Rive.
the Dole, 3948 feet; and the Montendre, 403G feet gotany . . . M. M. Vaucher. and
high, and to the north of Reculet. Necker sen
The splendid view which we have now described. Mineralogy M.Theodore s'aussure.

becomes more distinctly seen as we advance along the Geology . . . M Necker jun
ro.-id to Fernay, and is developed in all its majesty from Chemistry applied to the arts'

'

m! M. Tingry, Boissy.
the beech tree promenade in the garden of Voltaire, zoology . . M. Jurine.
1 he writer of this article had the good fortune to see Anatomy M Maunoir
Uus magnificent prospect under the most favourable Theory and practice of medicine Dr Odier.
circumstances ; but he was much more overpowered Rhetoric M. Weber.
with the majesty of Mont Blanc when he saw it from ReHes Lettres M Sismon'di
the heights of Fourriere, or from the Quai de la Guil- History and statistics'

.' .' .' .' .' m! Picot, jun.
lotierre, at Lyons, a distance of about 160 mdes^ Latin and Greek literature . . Duvillard.

System of .
The system of education which prevails at Geneva, French literature M.Weber.

education. IS perhaps not surpassed by that of any other city in Eu- R„man law M. M. Fort and Girod
rope. It IS not associated, indeed, with those splendid Jolivet
esUiblishments,nor supported by those richendowments. Sacred eloquence Rev. M. Picot, sen.
which are to be found m the other cities of Europe; Sacred Ori'ental languages . . . Rev. M. De Roches.
but It is kept ahve and regulated by a love of science. Dogmatic theology . . . Rev. M. Duby.
and an enlightened and patriotic zeal among the learn-

Ecclesiastical history Rev. M. Vaucher.
ed men of Geneva, winch we believe has no other ex- Evangelical morals Rev. M. Peschier.
ample. 1 he system of public education which pre-
vails in this city, relates to the studies of childhood. Our readers will no doubt be surprised to learn that
thoseof adolescence, and those of the learned professions the preceding establishment, in which more than 1000
of divinity, law, and physic. pupils are educated, is supported exclusively by a po-
The first of these departments resembles that of our pulation of 30,000. The annual salary of the profes-

Eton or Westminster schools. It is conducted by ele- snrs is not more than 60 guineas, and scarcely half of
vcn masters, called regens, under the superintendance the professors are entitled to this sum, the rest being
of a rector, a principal, and the academy of professors, merely honorary teachers, who give their labour to the
Children from the age of five to sixteen are successive- community witJiout any remuneration. The honour of
ly taught reading, writing, orthography, arithmetic, teaching is here considered as a sufficient compensa-
and the elements of Greek, Latin, and m.atliematics. tion for its labour ; and such is the esteem in which even
The college is divided into nine classes, each having a the masters of the schools are held, that one of the
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regents, was mjuje a member of tlie provisional go-

vernment at the restoration of the republic.

As it is very probable that many of our countrj-men

will send their sons to Geneva for tlie siike of ac-

quirinji; the French language, and other advantages

which cannot be easily obtained at home, we have dwelt

more minutely on the subject of education than we
would otherwise have been entitled to do. There is

certainly no place in the world to which a father may
send his children with fewer anxieties than to Geneva.

The vices which prevail in many of tlie principal towns

of Europe, are here in a great measure unknown. The
young men are regidarly instructed in the duties and
principles of Christianity, and all the decent proprieties

of religion are observed here, as in our own country.

An Knglishman, and a Scotchman still more, finds him-

self at home in the society and customs of this happy
republic. The religion of Geneva has lost much of

the austerity which she wore in former times. Cheer-

ful and enlightened, she now appears in her native

character ; anil there is no danger of the religious lia-

bits of our youth experiencing any violent change

among the virtuous inhabitants of this city. The simi-

larity of our institutions to theirs, the civil liberty and
religious toleration which distinguish both countries,

have attached the Genevese to the English character ;

and we have no hesitation in saying, that if an English-

man conld for one moment expatriate himself, even in

imagination, he would wish to be a citizen of Geneva.

There are several literary societies at Geneva, the

principal of which is the Society of Natural History,

composetl of all the distinguished individuals in the

city. It meets, we believe, alternately at the houses

of the different members : and the memoirs which are

read are in general published in the Bihliolheque Bri-

tanniquc, a monthly journal, which is perhajis the best

conducted In Europe. It was founded by M. A. Pic-

tet, who is one of the principal editors ; and the chief

object of the work is to give an account of British pub-
lications. Geneva has also a society for tlie advance-

ment of the arts, founded by M. Fuisar, a clockmaker.

There is a small observatory at Geneva, which contains

some good instruments ; and a botanical garden.

Geneva cannot be considered as either a commercial
or a manufacturing town. It has long been celebrated

for its manufactures of watches and jewellery ; and to-

wards the end of the 18th century, five or six thousand
persons of both sexes were employed in this occupa-
tion. London and Geneva were long regarded as the

general magazines from which the rest of Europe was
supplied with clocks and watches ; and it is stated by
Peuchet, that 25,000 gold and silver watches are ma-
nufactured every year. The roiigli part of the work
is in general done by the inhabitants of the mountain-
ous districts of Switzerland, and they are sent to Ge-
neva to be finished for sale. There are also in this city

manufactures of velvet, India stuffs, silk stockings,
hats, and leather. A great manufacture of imitation
India ehawls is carrietl on by M. Pictet of Rochemont.
In order to accommodate the manufacturing class, a
kind of bank called Cnis.ie d'Escomple, has been esta-

blished. Manufacturers and tradesmen can here ob-
tain money upon good bills, at a moderate discount.
The climate of Geneva is extremely salubrious, though

rather cold. The air is always colder than at Paris.

In the greatest colds at Geneva, Reaumur's thermo-
meter stands at from 14" to 18°; and in the greatest
heats, from 26^ to 27°. There is a very singular coin-
cidence in the variations of the barometer at London,
Paris, and Geneva. Geneva is situated in North Lat.
4fi° 12', and East Long. 6° 9' 30". Population 3f),140.

EVA. 1S3
GENEVA, Rkpublic of, is a small territory com- Republic of

prehending the following districts : Geneva.

Pupulation. '

i

Town of Geneva 26,110
The suburbs 4,104
The Chatellenie of Peney and its de-

pendencies 2,622
The Chatellenie of Jussy and Van-

dcEUvres 1,301
The two seignories of Tuvretin and

Chateauvieux 5S7

Total population 34,704
These inhabitants, with about aoo strangers, making ia
all 35,000 nearly, are containetl in .S^^ square leagues
which gives 1 1,080 to every square league ; a deimty
of population which is very remarkable.
The Genevese territory is extremely fertile and beau*

tiful. The villages are large and well built, and Uic.

coiuitry is adorned with numerous villas.

Geneva formed part of the territory of the Allobro-
ges. Ca3sar established here a place of arms against
tl'.e Helvetians, and built on the left bank of the Rhone
a wall 9000 paces long, and 16 paces high, to op- ^

pose the passage of the Helvetians across the Roman
province. The city was twice ilestroyed during the
Roman emperors. In 1032, under the successors of
Chiu-lemagne, it was united to the German empire. Af-
ter the 1 3th century, it was a constant source of di»«

conl among the bishops, the counts of Geneva, and
those of Savoy; and from the middle of the 13th cen-
tury, till 1536", it had to struggle against the ambition
of the Dukes of Savoy ; but, in consequence of the
alliance which it formed with the towns of Berne and
Fribourg, it was enabled to establish its independence.
This epoch of the civil liberty of Geneva was also mark-
ed by the commencement of its religious freedom.
The doctrines of the Reformation were preached in .

1533 by William Farel ; and in 1535, the reformed-
doctrines were adopted in full council. Calvin and
Beza now adornetl this asylum of liberty, and men of
principle and character found here a sanctuary from the
cruelties of civil and religious tyranny. In 1542 and
15+3, the plague committed dreadful ravages in the
city. In 1 584, a treaty of alliance was formed between
Geneva, Zurich, and Berne. The house of Savoy made §
its last attempt against the liberties of Geneva in l602 ;

but though this perfidious attack was bravely repelled,

the independence of the republic was never solemnly
recognized by the house of Savoy till the year 1751'.

In the year I768, 1782, 1789 and 1793, Geneva
was agitated with intestine commotions, of which we
cannot find room to give any particular account. On
the 15th April 1798, it was occupied by French troops.

Its independence was destroyed, and it was incorpo-

rated with the French empire, forming part of the de-

partment of Leman. The restoration of European in-

dependence, in 1814, by the overthrow of the colossal

power of France, restored Geneva to the possession of
its independence and its ancient laws ; and we had the

good fortune, a few months after this glorious event,

of witnessing the happiness of a free people newly
emerged from a foreign and oppressive yoke.

In our article Switzerland, our readers may expect

an account of' the constitution of this republic.

GENEVA, Lake oi-, in French Leman, and in La.
tin Lemannus, is lui extensive lake in Switzerland, !«-

sembling in its general shape the form of the moon
when she is a tew days old. The concave side em-
braces Savoy, the convex side the Pays de Vaud,
and a line joining its extremities stretclies in the di-
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rection NE. by E. Its length measured along the great

arch whicli forms the coast of Savoy, is IS^ leagues, but

•when measured in a straight line across Chablais, it is

only 14?. Its greatest width, which is between the

towns ot Rolle and Thonon, is 3^ leagues. Its breadth

at Nyon, near Geneva, is I i league; and from this

place it constantly diminishes to Geneva, where it is on-

ly 300 or 400 feet wide. It is about 620 feet deep

about a league from Evian ; near the castle of Chillon it

is only 312 feet, but in an intermediate place in the

environs of Meillerie its depth is 950 feet. The lake

occupies 26 square leagues ; and its height abore the

level of the sea is II 34 feet according to M. Pictet, and

n 54 feet according to Sir G. Shuckburgh. The lake

of Geneva is said to have once extended as far as Bex,

about 4 leagues up the Rhone. The village of Port

Vallais, once on the banks of the lake, is now half a

league distant from it. From the year 1626 to 1726,

a. large tongue of land, half a league long and 120 feet

wide, has been formed between Villeneuve and the

mouth of the Rhone. No fewer than forty-two ri-

vers empty themselves into this lake. The Rhone,

which is the principal of these, enters it by three

branches, and issues from it in two ; and after form-

ing an island containing part of Geneva, they both

unite, and at the distance of one fourth of a league be-

low that city they receive the Aar. In 1711, the Aar
•was so much swollen that it pushed back the Rhone,

and their united waters flowed back into the lake of

Geneva, which they discoloured even to the distance of

.a league from tlie town.

The lake of Geneva never freezes, excepting a few

•paces from its margin ; and in very severe winters it

freezes between Geneva and the bank of sand. Its wa-
ters have a beautiful blue colour ; and such is the purity

of the atmosphere, that a town upon its banks illumi-

nated by the sun, may be easily seen at tlie distance of

about forty miles. In autumn, fogs 1200 feet in per-

pendicular height often rest upon the lake when it is

the finest weather among the mountains. On the 1 st

of November 1793, during a fall of snow, a singular

waterspout was seen at Cuillus by M. Wild. The
foaming •waters appeared to rise to the height of 100
feet, and the surface of the lake immediately below it

appeared to be excavated. Tiie lake is also subject to

sudden agitations similar to those which have been seen

in Loch Tay. (See the article Agitation. ) The wa-
ter rises suddenly to the height of four or five feet,

and descending, forms a species of ebbing antl flow-

ing which lasts for several hours. This phenomenon,
•which is called Seiches, is particularly seen near Gene-
va. There are no islands in the lake, excepting a small

•one with a few trees near Villeneuve. The lake of Gene-
va contains twenty-nine different species of fish.

The most common winds on the lake, are the Bisc

or north wind,and the Sechard or north east wind ; and
the most dangerous are the Bise and the Vauclaise or south

«ast wind. Sometimes when the Bise is very strong,

boats can go from Savoy to Geneva, a distance of fif-

teen leagues, in 4 hours.

The lake of Geneva is undoubtedly the most beauti-
ful lake in Europe, and that of Constance alone has
been supposed to equal it. It is impossible to convey
any idea of its varied beauties to those who have not tra-

velled along its banks. On the south east, east, and north
east, it is encircled with lofty mountains 5000 feet high,
•while on the south, the south west, and the west, the
banks of the Pay de Vaud rise in terraces from 200
to 600 feet high, resting on tl»e flanks of the ridge of
Jura, which occupies the whole of the western .horizon.

The scenery which is presented to the traveller be-

tween Villeneuve and Vevay, and as far as Lausanne, is

certainly the finest and the most varied in Switzerland,

and we had an opportunity of viewing it in the finest

weather, and at that season of the year when nature de-

velopes all her beauties. In travelling down the X'allais

along the banks of the Rhone, after passing the village

of Rennaz, we first obtain a view of the lake and
the Pays de Vaud. Over its blue waters appears

the town of Vevay, at the bottom of a round hill,

and in the distance rises the hill and town of Gourze,
finely projected against the dark blue range of Jura.

A little farther on, the town of Villeneuve is seen on the

very margin of tlie lake, situated at the moutli of a

finely wooded valley, and the lake gradually discloses

itself as we approach the town. Tlie road is now al-

most washed by the blue waves. The dark flanks of
the Savoy hills, clothed with gloomy forests, and occa-

sionally enlivened WMth smiling villages, form a fine

transition from the verdant borders of the lake to their

peaked and rugged summits. Numbers of vessels open
their white sails to the wind, and on the Swiss side,

one town appears after another, disclosing a succes-

sion of the most sublime and picturesque views. The
old castle of Chillon, almost imraerged in the lake,

and the ivy clad precipices which overhang it, next

attract the notice of the traveller; the hills on the

right now retire from the lake, and open more exten-

sive prospects. The wooded recess whicli embraces the

hamlet of Vaiteau, is the commencement of this new
scenery, and at the village of Montreux, both the dis-

tant and near objects are combined in forming the love-

liest landscape we have ever seen. The terraced vine-

yards begin to diminish the picturesque effect of the

woods and rocks, and the beauty of the scenery de-

clines as we approach to Vevay. The view of the lake

of Geneva from the terrace of the cathedral of Vevay is

mucli admired ; but we had the good fortune to be

wandering along the promenade on the margin of the

lake, when the sun had just begun to descend behind

the ridge of Jura. A bright glow of purely yellow

light gilded the whole of the western sky. A warm
tinge of red appeared at a greater altitude, and the

whole expanse of the lake, towards the west, shone

with the liveliest purple. As the sun descended, the

yellow tints of the sky gradually deepened into orange,

and the purple colour of the water declined into a more
sober hue. In turning the eye to the south, this lively

scene became less brilliint. The mountains of Cliablais

faintly reflected the red twilight, and the Alps of the

Vallais, and the part of the lake which intervened, were

involved in almost impenetrable darkness.

GENITIVE. S«e Grammar.
GENOA, a celebrated city in the north of Italy, is

situated in Lat. 44° 25' N. and Long. 8" 5b' E. on the

northern shores of the Mediterranean. It is built in

the form of an amphitheatre, on the slope of a moun-
tain, rising gradually from the sea, having for a centre

the harbour, which is of very considerable extent, and

having sufficient depth of water to admit a ship of 4 !•

guns. The harbour is protected on tw<j sides by piers,

which, however, are sometimes found insufficient to

shelter the vessels from the south-west wind, which al-

though it does not blow directly into the port, often oc-

casions considerable damage. Tlie entrance also to the

harbour, although wide, is not free from danger, and

can only be approached with safety from the east side.

Genoa is surrounded by two ramparts, one of which

incloses the town, and is about six miles in circuit; and
the other, which forms a circumference of thirteen miles,

is carried round the hills which command tlie city. The
external appearance is extremely magnificent In no

Lake a

II

Genoa
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ntlicr dty in tlie worlil is there to be found such a pro-

fusion of marble and other rich materials, Ijoth in pul)-

lic and private edifices ; while tlieir situation on terra-

ces, ascending one al)ove the other, adds an additional

degree of splendour to their appearance. On entering

the city, however, the narrowness and darkness of the

streets produce a mean eflect, but ill corresponding with

its magnificent exterior, although lined witli palaces of

vast and lofty dimensions, some entirely of marble,

and all omamenteil with marble portjds, porticos, and

columns. The interior of these mansions is no less

magnificent. The staircases are of marble, and the

Ion" suites of sjiacious saloons opening into each other,

are adorned with the richest marbles and tapestries,

with valuable paintings, and gilded cornices and pan-

nels. Of these, the most remarkable are those of the

Doria, Durazzo, Balbi, and Serra families. The first of

these (consecrated by the recollection of the restorer of

his country's liberties,) is a beautiful specimen of the

pure and simple ?tile of architecture, but in magnitude

and splendor is far surpassed by the Durazzo palace,

which, both in its materials and furniture, is superior

to the abotles of most of the sovereigns of Europe.

The public buildings ofGenoa are no less splendid than

the abodes of her citizens ; but the profusion of party-

coloured marbles and gilding, which gives an air of

wealth and grandeur to the palaces, is offensive to the

eye of taste in churches and temples, where all unneces-

sary and gaudy ornaments detract from that simplicity

which should always characterize such edifices. Of this

description are the cathedral of St Laurence, the church-

es of the Annunciation, St Siro, and St Dominic. That

ofSanta Maria diCarignano is in a purer stile, and placed

in a very commanding situation. It was built about

the middle of the 16th century, at the expence of Ben-

dinelli Sauli, a noble citizen of Genoa. The approach

to this church is by a lofty bridge of three arches, about

<iO feet high, across a deep dell, now a street. Genoa
owes this building also to the munificence of the Sauli

family. It was begim by the grandson, and finished

in the years 1 725, by the great-great-grandson of the

founder of the church di Carignano.

The great hospital or infirmary is a magnificent build-

ing, which was formerly possessed of ample i'lmds, de-

dicated to the relief of the sick or infirm of the poorer
classes ; but these and the funds of the Albergo dei Po-
veri, another charitable institution on the same grand
scale, have been swallowed up by the exactions of the

French armies, and the edifices remain as monuments
of the munificenceof former times, and serving only, like

the city itself, to recal to the recollection of tlie travel-

ler the days of the commercial greatness, the militury

glory, and the freedom of the rej)ublic.

The population of Genoa in the year 1766, amounted
to 100,000, and in 1800 to 80,000. The suburbs of
Bisagno and Polcevera were supposed to contain 20,000,
and the total population of the Ligurian territory,

480,596. The ordinary military force of the state was
about 3000 ; in the Spanish succession war, however, the
contingent of the republic amounted to 10,000.
Commerce was always the favourite pursuit of the

Genoese ; and as it was considered by no means dis^
graceful for the nobles to become merchants, the bulk
of the capital of the nation was invested in commercial
speculations.

The exports from the Genoese territory consist chief-
ly of silks, fruits, oils, &c. There are also marble quar-
ries of considerable value. Tlie manufacture of velvet
is at present the most extensive branch of Genoese
trade. Velvets of every sort are matle in the neigh-
bourhood of Genoa, but principally black velvets; and
it was computed that at one time COOO workmen were

employed in the manufacture. There is also a consi- Genoa.

derable manufacture of a coarse sort of paper, the most ^
of wliich is exported to the Indies. It is to be presu-

med, that while under the dominion of France, the
trade of ( jeiioa, like the rest of the empire, must have
suffered much during the late war ; and the comparative
poverty to which its late wealthy nobles have been re-

tluced, together with the decay of public credit, and the
failure of the bank of St George, render it improbable
that it will ever regain its former state of prosperity.

From the barren nature of its territory, the ai-ticles

imported into Genoa are very numerous. From France
she is supplied with wine; from Italy, with corn, cat-

tle, fuel, &c. ; from Germany and Switzerland, linen

;

from England, woollen cloths ; from Holland, spiceries;

from Sweden with wood, iron, and copper; from Rus-
sia with furs and hides ; and from Spain and Portugal
with dressed leather, bullion, and American produce.
The earliest mention in hittory of Genoa, is in the

year 2+1 B. C. when it is described as one of the prin-
cipal cities of the Ligurians, at that time defending
themselves against the encroachments of the Romans, it

struggle which they maintained for more than 80 years.

It was then erected by the Romans into a municipal
city; and continuing faithful to that republic during
the Punic wars, was destroyed by Mago, tlie Cartha-
genian general, in the year 205 B. C. It was, however,
soon rebuilt, and, from the advantages of its situation,

and the enterprizing spirit of its inhabitants, appears to
have early acquired such a degree rf importance, as to
be stiled by Strabo, Emporium lolitis Ligurice.

After the ruin of the Roman empire, Genoa, separa-
ted by its mountains from the rest of the world, long
maintained its connection with the Grecian emperors

;

and although for a short period successivelj' under the
power of the Lombards, Franks, and Saracens, soon ex-
pelled its invaders, and before the end of the 10th cen-
tury, had established a free constitution resembling in its

form the Roman republic. The government, however, as
in the other Italian cities, was far from being fixed or sta-

ble; and for a long scries of ages, the history ofGenoa
presents little else athome but a continuation ofstruggles
between the nobility and the people. Frequently too, the
latter, worn out by the vexatious oppressions of the no-
bles, threw themselves under the protection of some fo-

reign prince, choosing rather the impartial dominion of a
distant sovereign, than thename of liberty and real subjec-
tion to a haughty and tyrannical oligarchy. For a more
particular account of these revolutions, see the article

Italy. But tedious and uninteresting as the relation

of the struggles of the Genoese factions may be, the
history of its external transactions gives us a high idea,

of the enterprizing greatness of the republic. In the
year 1050, the Genoese forces, united with those of Pisa,

achieved the conquest of the island of Sardinia, at that

time under the possession of the Moors.
In 1100, in conjunction with Venice and Pisa, they

sent to the assistance of the crusaders a fleet of 28 gal-
leys, and six vessels, and a body of troops command-
ed by one of their consuls, who, after a short siege,

took by assault the city of Cesarea. The republics of
Pisa and Genoa were soon after engaged, by a mutual
jealousy, in a bloody war, which lasted, with various
success, for many years, till put an end to in the year
1 1 62, by the interposition of the Emperor Frederick
Barbarossa. But this peace was of no long duration

;

and in two years the war was again renewed from a
quarrel between the vassals of the two republics in
Sardinia. In 1 J QQ, however, we find them both arm-
ing a fleet to assist the Emperor Henry VI. in an un-
successful enterprise to recover the crown of Sicily.

In the succeeding century, a much wider field was
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Genoese. The Venetians having, with the other cru-

saders, dethroned the Greciam Emperor, received, as

their sliare of the spoil, one fourth and a half of the

empire, in which were included all the maritime parts

of Greece, with the island of Crete or Candia, and
most of the islands of the Archiijelago. Unable, how-
ever, to colonize their conquests, many of them were
left unoccupied, a circumstance which the Genoese
did not fail to t<ike advantage of Their first attenijjts

to obtain settlements in Candia, the Morea and Corfu,

were conducted by a private individual, and the Ve-
netians soon succeeded in expelling them.

About this period also, having warmly engaged on

the side of the Pope, their fleet sustained a signal de-

feats from the united forces of the Pisans and Neapoli-

tans, of 27 galleys, three being sunk, and 1<> taken.

Undismayed by this reverse, they still continued in

the papal interest, until 1261, when, having engaged

in a long and bloody war with Venice about their pos-

sessions in Palestine, they entered into a strict alliance

•with Michael Paleologus, and bound themselves to assist

him against the Venetians, French, and the other crusa-

,ders. In this war they were successful; and on Michael's

•regaining the throne of Constantinople, obtained from

him the grant of many commercial privileges, with the

isle of Chios in the Archipelago.

Shortly afterwards, a fresh war broke out with Pisa,

on account of their Corsican possessions ; and large

fleets being armed on both sides, continued for some
time inactive, until the year laS^, wlien the Genoese,

under the command of Oberto Doria, completely de-

stroyed the Pisan fleet, of above 100 sail, commanded
by Alberto Morosini, at Meloria. In this battle, the

Pisans lost 5000 men, besides 1 1 ,000 prisoners, whom
the Genoese retained lor 1 6 years in captivity.

In 1296, commanded by another Doria, thej' obtain-

ed a signal victory over the Venetians at Corzola, which
for a time put an end to the war. Their mutual jea-

!ous3', however, still continued ; and, in 1 30fi, the Ve-

netians having embraced the interests of Charles of

Valois, and the Genoese that of the Grecian Emperor
Andronirus, the war broke out with fresh vigour. It

was also about this time that civil dissensions arose at Ge-
noa between the nobles and the people, which termina-

ted in 1339 in the elevation ofSimon Boccanigra, to the

dignity of Doge, under whose vigorous administration

the republic at length enjoyed a season of tranquillity.

The Genoese had now obtained many valuable set-

tlements in the Grecian empire, and had extended their

commercial relation with the Russians and the north of

Europe : they possessed the colonies of Kafla and Ta-
na in the Crimea, and of Pera and Galata near Constan-
tinople, which served as a depot for the merchandize
brought by them from India, Armenia, Egypt, and Arabia.

Their riches and power now began to excite the envy
and avidity of Cantacusenus, the Emperor of Con-
stantinople, whom they soon overcame, but to whom
they granted peace on moderate tenns. With the Ve-
netians they were not so successful, and the war conti-

nued with great obstinacy and various success for many
jears. At one time the Genoese, discouraged by the
signal defeat of their Admiral Grimaldi, threw them-
selves under the protection of John Viseonti, Arch-
bishop of Milan. Some time after his death, however,
in the year 1 356, they threw off the yoke of his cniel

and tyrannical nephews, and reasserted their liberty.

On the other hand, in the year 1379, the Genoese re-

duced the Venetians to the last extremity ; took the fort

»ofChiozza, and nearly madethemselves masters ofVenice.

Atlengthj in 1381, the peace of Turin put an end

to the war. In it the Venetians lost their continental
possessions, anil the greater part of their wealth. Nor
was it less fatal to the victorious Genoese. Deprived
of their best fleet and the flower of their sailors, and
the finances of the repiiblic exhausted by the length of
the war, they were again forced to throw themselves
wider the power of a foreign master, and submit to
the authority of Charles VI. king of France, and af-
terwards of the Dukes of Milan

; a slavery under
which they continued for more than a century, not-
withstanding many ineffectual attempts to recover their
liberty. At last, in 1528, Andrew Doria having ex-
pelled the French, restored the ancient form of go-
vernment and freedom to his country ;— a rm-e instance
of disinterested patriotism, as, supported by his fleet

and the powerful assistance of the Emperor Charles \".

he might easily have retained possession of the sove-
reign power, and have even been aided by the people,
to whom his liberality and military virtues liad justly
endeared him. See Doria.

After this i>eriod, the republic, although deprived of
its former conquests, for a long time enjoyed, with li-

berty, peace and prosperity.

In I (524, it was engaged for a short time in a war
with France and Savoy ; and in lC36, the city was un-
successfully attempted to be surprised by the Spaniards;
but these wars were of no long duration.

In 1 684, having incurred the displeasure of Louis
XIV. the republic was attacked by lliat monarch, and
obliged to give up the island of Corsica, and to submit
to other terms peculiarly mortifying and degrading

;

the Doge and four of liis counsellors being forced to

apjiear in person at Versaillesto sue forpeace, and thestate

bound to disarm all their gallies except six, with a pro-
miae not to fit out more without the consent of the king.
During the remainder of the 17th and the early part

of the ISth century, the republic continued to observe
a strict neutrality ; but in the war which broke out in

171.'>, having joined the French and Spaniards nsjainst

the Austrian?, .Savona and other Genoese ports were
Ixnnbarded by the English fleet, and the city, in 1746,
obliged to capitijate to the Austrian army. The people,

however, soon expelled their invaders, even without the

concurrence of the senate; and in 1748, the peace of

Aix-la-Chajielle again restored to the state tranquillity.

In 17.98, by the ascend:mcy of the French, the an.

cient form of government was abolished, and one re-

sembling the French constitution adopted, under the

name of the Ligurian Republic. The following year.

General Massena's lines in the neighbourhoo<l of Ge-
noa being forced by the Austrians, he was obliged to

throw himself into the city, which was besieged for

some time, and suflered considerably. By the treaty

of Campo Formio in ISO], between the Austrians and
French, the Ligurian republic's independence was ac-

knowledged ; but it continued under the power of
France, and might actually be considered as a part

of that empire. The British having made themselves

masters of Savona, blockaded Cienoa, which in 1814 sur-

rendered to Lord William Bentinck, who issued a pro-

clamation, holding out some hopes to the Genoese that

their liberties should be restored. It was however deter-

mined, at the congress of Vienna, that the territory of

Genoa shoulc[,be united to Savoj' and Piedmont. It was
accordingly, in 1815, given up by the British to the

troops of the King of Sardinia, and may now be con-

sidered as an integral part of that monarchy. See Sis-

mondi's Histoire des Reptihliqites Italiennes ; Accinel-

li's Revolutions of Genoa; Eustace's Classical 'four

throus,k Italy, &c. (e. j.)

GENTOOS. See Br.mimixs and Indi.i.



1.37

I

GEOGRAPHY.
COgraphy

ic/mitiun.

cBeraldi-

1 of

oogiaphy.

(atliemati

1.

i)sical.

_-nt

fistory of

ographi-

.: cUtGOTe-

1 HE term Geooraphy, is derivetl from two Greek
•words, yt« the earth, and y^apu I tvrite, and in its ori-

ginal acceptation signifies a description of the earth. In
the progress of science, however, its meaning lias be-
come gradually more extended, and it is now taken to

denote, not merely an account ofthe divisions, produce,
inhabitants, &c. of the earth taken as one whole, but
also the explanation of various phenomena arising from
its relation to other bodies of tlie solar system. It was
indeed from discoveries respecting the heavenly bodies,

that men first derived correct notions with regard to the
figure and magnitude of their own planet ; and it is on-
ly by the application of astronomical principles, that
the apparently simplest of all geographical problems
can yet be solved,—that of acairately measuring, or
distinctly expressing, the distance between two points
on the surface of the earth. Astronomy and geogra-
phy have thus become intimately connected, not as two
sciences which have merely a certain affinity to each
other, and which philosophers, from a wish to general-
ize and simplify the subjects of their investigation, have
thought proper to combine, but because the latter se-
parated ii-om the former ceases to be a science. It is

not merely for the language of geography that we ai-e

indebted to astronomy. It is from tiie same source,
that we derive the metliod of constructing a con-ect
representation of the globe, determining tlie relative
Jwaition of diflemit places on its surface, and exhibit-
uig a familiar view of the various changes that are con-
tinually taking place in its position and outward cir-
ciunstauces. In a system of geography, therefore, it

is r.ecessarj', in tl;e first place, to consider the eartli as
a part of the solar system ; to illustrate, from astrono-
mical principles, its figure, magnitude, andnifilion ; to
explain tlie construction of the globes, with their appli-
cation to the solution of problems ; and describe the va-
rious methods of projecting maps and charts. Tliis
constitutes what is properly called Mathematical Geo-
graphy. The geographer may then proceed to consider
the globe as one whole, and examine its internal struc-
ture ; the natural divisions and inequalities of its sur-
face

; the phenomena of tides and currents; the modi-
fications of its atmosphere with regard to weight, tem-
perature, humidity, and motion, with other n.^tural ap-
pearances usually included under Phijsical Geography.
And, in the last place, he may view it as the habitation
of animated and rational beings, divided into different
kingdoms and states, and exhibiting various monuments
of human industry and skill. This forms what may be
called Political Geography. In the following article, we
."hall confine ourselves to the first ofthese, leaving phy-
sical geography to be discussed under Physical Geo-
f^raphy, Meteorology, Mineralogy, &c. ; and politi-
cal geography under the names of the respective coun-
tt-ies, and other articles, wli-ie they will be treated more
fully, and with gre.iter propriety, than tliey could pos-
sibly be m the present article. Before entering on the
subject, however, it may be proper to take a short view
ot the ongm and progress of geographical discoveries.

In a rude state of society, it seems to have been tlie
universal opinion, that the earth was a large circular
plane or disc, every nation supposing itselfto be placedm the centre. Of the unexplored parts of this plane,

VOL. X. PART I.
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various fanciful and absurd opinions were entertained History.

The early Greeks, for example, imagined, that in the ^"^r-^
immense expanse of the ocean numerous islands were ^^'^^f^''.

scattered up and down, inhabited by giants, pigmies, CreekVlan'
and a vast variety of other beings, which never existed ciful and
but in the extravagant dreams ofa fertile and untutored absurd,

imagination
; while the extreme verge of the disc ter-

minated in a chaotic gulf of unknown extent, and im-
penetrable darkness. The difficulties and dangers which
travellers and navigators at first encountered, in at-
tempting to pass tlie limits of their own country, and
which they were on all occasions disposed to magnify,
served rather to confirm than refute these erroneous no-
tions. This remark is strikingly exemplified in the
case ofthe Phoenicians, who, as early as a thousand years
before the birth of Christ, had navigated the whole of
the Mediterranean from the eastern extremity to the
Atlantic Ocean, and had founded the colonies of Utica,
Carthage, and Gades. That bold and enterprising peo-
ple, anxious to reap the whole advantages of their dis-
coveries, were careful in concealing the success of their
adventures, but took all possible pains to magnify the
dangers and difficulties which they had encountered.
Accordingly we find, that long after this period the
Greeks still regarded the islands in the western part of
the Mediterranean, and even Sicily, as the habitations
of monsters, and the scenes of enchantment. Nor did
the discovery of their error in one instance, lead them
to suspect the accuracy of their opinions in general. So
firmly indeed were they persuaded of the truth of that
system wliich the writings of their poets, and particu- Drawn from
larly of Homer, had rendered in some measure sacred, t'ne writings
that they no sooner became acquainted with a new re- °^ Homer,
gion, than they immediately transported to more dis-
t-mt islands those fanciful beings, which they had at
first erroneously supposed to be inhabitants of places
less remote. Even in later times, when the true figure Coiiimon to
of the earth was understood, the notions of the ancient ^" ™<'« "">•

Greeks, which were perhaps common to all nations in
*'*"'''•

similar circumstances, continued to pervade the writings
of travellers, navigators, and historians, and thus pre-
judice tended to suppress that spirit ofcuriosity and ad-
venture, which the discoveries of science might other-
wise have inspired. No motive perhaps less powerful
than avarice, could induce men to engage in an expedi-
tion in defiance of difficulties and dangers, against wliich
they were taught to believe, that human strength and
human prudence were equally unavailing ; and when
such expeditions were undertaken, it would generally
be by men little qualified, and still less disposed to com-
municate correct and interesting information to their
less adventurous brethren. In such circumstances, it
does not appear at all sui-prising, that so many ages
should have elapsed, before any very extensive or regu-
lar intercourse was established between different coun-
tries.

The first authentic account that we have of any con- Geograiifiy

siderable portion of the earth's surface, is derived trom ^^^^ *''*'
i

the writings of Moses. The object of that writer, in- B"^^70o
deed, was not to teach men a system of geography ; and
therefore the information which he affords, regards the
earth considered rather as the habitation of moral
beings, than as the subject of physical research. We
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learn, however, from his writings, that, 1 700 years be-
fore Christ, a commercial intercourse subsisted between
the Midianites, who inhabited the country on tlie

northern extremity of the Persian Gulf, and Egypt, by
way of Palestine. From that period, till within 500
years of the Christian era, the Hebrew writings make
frequent allusions to the commerce of eastern countries,

and it is probable that the Phoenicians were at this time
acquainted witli many countries, particularly to thewest,

of wliich history makes no mention. The geography
of the Hebrews themselves, however, does not appear to

have extended, at this period, beyond Mount Caucasus to

the north, the entrance of the Red Sea to the south,

and the Archipelago to the west, including the coun-

tries of Asia Minor, Armenia, Assyria, and Arabia in

Asia, with Egj'pt, and a little of Abyssinia in Africa.

The Greeks, about the same period, reckoning Delphi
the centre of the habitable world, were acquainted with

little more than the country includetl under the name
Greece, together with the islands in the Archipelago,

the western part of Asia Minor, the sea-coast of Egypt
and Lybia in Africa, and a little of the south of Italy.

Beyond this circle all was involved in darkness and
conjecture. With regard to the Egyptians, with whom
it has been supposed that the science ofgeography ori-

ginated, there are no authenticated facts to show, that

they had ever been distinguished for enterprise or ad-

venture, previous to the period of which we are speak-

ing, still less that they had ever led the way in geo-

graphical discoveries. From the pecul iar circumstances

of their situation, they must have been obliged, at an
early period, to apply themselves to topography, as they
did to geometry ; but there is every reason to believe

that, for their knowledge of foreign countries, they
were indebted to the Phoenicians and others, who vi-

sited them for the purpose of commerce.
Such was the condition of the most enlightened na-

tions of the world with regard to geographical know-
ledge, at the commencement of the fifth century, before

the birth of Christ. In the course of the next seventy
years, however, many interesting and important dis-

coveries were made by the Greeks. Colonies of that

people, either driven from their native country by in-

testine commotion, or induced by the prospect ofwealth
to go in quest of new settlements, successively esta-

blished themselves in Sicily, Sardinia, Corsica, and
even some of the southern provinces of Spain. For
their success in these enterprises, they are said to have
been greatly indebted to the geographical and nautical

charts which they contrived to obtain from the Phoeni-
cians, and which, with the sphere alleged to have been
constructed by Anaximander the Milesian, and disciple

of Thales, were the first attempts of which we have any
authentic information, towards delineating the whole,
or any considerable portion of the earth's surface. But
whatever might have been the merits of Anaximander's
globe, or of the Phoenician maps, it is certain that the
Greeks had not borrowed from either, any correct no-
tions with regard to the figure of the earth. It was reser-
ved for Herodotus to contradict, from his own personal
observations, the idea of the habitable world being a cir-
cular plane, surrounded by the river Ocean. This distin-
guished writer, who has been styled the father of his-
tory, and who, as an attentive and intelligent traveller,
has never been surpassed, perhaps seldom equalled by
any, either in ancient or modern times, was a native of
Halicarnassus, in lesser Asia. Imbibing, in all probabi-
lity, that spirit of commercial enterprise for which his
eountrymen were distinguished, and possessing confi-

dence in himself sufficient to raise him above vulgar
prejudices, and opinions not founded in facts, he push-
ed his researches into many countries, which till that

time had never been explored. He visited the Greek
colonies on the Black Sea, and measured the extent of
the latter from the Bo.sphorus and the mouth of the

Phasis at the eastern extremity. He traversed the

country between the Borysthenes and Hypanis, now a
part of southern Russia, explored the coasts of the Palus

Moeotis, (sea of Azof) and obtained correct informa-
tion with regard to the situation and extent of the Cas-
pian Sea. He visited Babylon and Suza, and was well
acquainted with the greater part of the Persian mo-
narchy. He travelled through the whole of Egypt,
where he obtained a great deal of interesting informal
tion respecting the caravans from the interior of Africa,

and also visited the Grecian colonies of Cyrene. From
his description of the straits of Therinopyla.-, it is obvi-
ous that he had been in (Jreece, and he traced the

course of the Ister (Danube,) from its mouth almost to

its source. He terminated this career of discovery and
adventure, as useful to others as honourable to himself,

in the southern part of Italy, wlifre it is also supposed
that he finisheil his much admired history.

In estimating the extent of the geographical informa-

tion furnished by Herodotus, w. are by no means to limit

it to the circle which he described, and which we have
just traced out. Possessing in an eminent degree those

qualifications which distinguish the intelligent traveller

from the mere tourist, he was enabled to collect much
valuable information respecting countries which he had
no opportunity of visiting ; and the accounts which he
gives of these countries have been confirmed by the

most unquestionable of all evidence, the striking simi-

larity in the characteristic features of their ancient and
modern inhabitants. Viewing it in this light, the geo-

graphy of Herodotus extended to the greater part of

Poland and Ein-opean Russia, western Tartary, the

country on the Indus from its source to the confines of

the Cashmere, Arabia, and the northern parts of Afri-

ca. He sometimes mentions Carthage, and gives an

account of a traffic carried on without the intervention

of language, between the Carthaginians and a nation

beyond the Pillars of Hercules, which has been consi-

dered as applicable to that of Senegambia. There is

nothing explicit, however, in the te.xt of Herodotus, with

regard either to the name or the situation of the coun-

try.

Before concluding this short review of the travels of

our author, it may not be improper to notice the infor-

mation which he gives, or is supposed to give, on three

subjects, which still continue to agitate the scientific

world, we mean the Niger, the Nile, and the pretended

circumnavigation of Africa by the Phoenicians. With
regard to the Niger, the only passage in Herodotus

that can possibly allude to this river, is the account

which he gives on the authority of Etearchus, king of

the Ammonians, of ajourney into the interior of Africa,

undertaken by five young Nasamons, a people situated

at the extremity of the Gulf of Sydra. These travel-

lers having, in the first part of their journey, passed

through an inhabited country, came to an immense
sandy desert, through which they continued their route

westward, till they reached an extensive plain covered

with vegetation. While they were enjoying the shade,

and eating the fruit of the trees which they found there,

they were fallen upon by men of a very diminutive

size, who conducted them across a swampy country,

till they came to a town inhabited by black people.
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Hi>ioi7. and situated on the bank of a large river, running from
""V""^ west to east. Tlwugh the vague and indefinite na-

ture of the account itself, the authority on which it

rests, antl the circumstance of its being obviously in-

troduced for the purpose of proving Uiat the Nile runs

from the west, tend to throw considerable doubts on

the truth, or at least the accuracy of this relation, yet

some eminent geographers are of opinion, that the

town mentioned above is no other than Tombuctoo
on the banks of the Niger.

Of the Nile, Herodotus speaks with more precision;

and, as his information on the subject appears to have

been ilerived from personal observation, it is on this

account entitled to more credit. After detailing at

some length the manner of ascfiidmg the river, and
describing minutely the nature anil inhabitants of the

countries through which it passes before entering Egypt,

he concludes by affirming that it certainly runs from
tlie west, though he acknowledges that beyond the

country of tlie Automoles it had never been explored.

The Automoles, otherwise called Asmach, were origi-

nally descended from a colony of Egyptian fugitives,

but, at the time of Herodotus, inhabited a province

subject to tlie king of Ethiopia, and lying as far to

the south of his capital Meroe, as Meroe was from the

great cataract. According to Eratosthenes, and other

ancient geographers, this town was situated on an
island formed by the junction of the Atbar or Tacazze
with the Nile; and this account is farther confirmed by
the testimony of Mr Bruce, who discovered magnificent

ruins to the north of Chiindi, opposite the island of Kur-
gos. If this opinion be correct, it fixes the situation of

Meroe in 1 7 degrees of north latitude, about 6 degrees

south of the cataract, and 6 north of the Automoles.
Herodotus, therefore, must have been acquainted with
the course of the u'csteni branch of the Nile, as far as

tlie eleventh parallel ; and of its course beyond this, no
subsequent traveller lias yet given any satisfactory in-

formation.

With regard to the circumnavigation of Africa by
the Phtt'nicians, Herodotus relates the story apparently

as he received it, without determining any thing as to

its being true or false. When Neco king of Egypt had
completed his famous canal between the Nile and the

I ot. Arabian gulf, fie dispatched vessels manned with Ph<E.
nician sailors, who, after navigating the ocean to the
south of the Red Sea, were to return to Egypt by the
pillars of Hercules and the Medi.ten-anean. This they
are said to liave accomplished in less than three years,

including tlieir stay on the coast of Africa, while they
sowed and reaped a crop of com. On their return, they
related among other wonders, that in sailing round
Lybia, the sun appeared to be on their right. " This,"

says Herodotus, " appears to me altogether incredible,

but it may not perhaps appear so to otliers." On this

passage it has been remarked by those, who are dis-

posed to admit the truth of the circumnavigation in

question, that the very circumstance which the histo-

rian rejects as incredible, is one of the strongest argu-
ments possible in favour of the tradition. Tfie truth of
this remark is too obvious to be disputed, and we are
ready to admit the full force of the argument which it

affords. At the same time we cannot by any means con-
sider it as decisive. Tile Phoenicians we think might
liave sailed far enough to the south in the Indian Ocean
to have observed the phenomenon of the sun to the
north of the zenith, though they had never attempted,
far less executed the circumnavigation of Africa ; and
we cannot avoid observing in passing, that they who

are disposed on all occasions to magnify the discoveries, History,

and exalt the merits of the ancients, would do well to """^r"^
be on their guard, lest they pull down with one hand
what they have taken pains to erect with the other.

May not the incredulity expressed by Herodotu.i with

regard to the position of the sun, be brought forward

with some plausibility, as presumptive evidence against

the commonly received opinion witli regard to the ex-

tent of his own travels up the Nile ? It is difficult to

conceive how he could possibly liave advanced so far

as to the eleventh parallel of latitude without having

heard at least of the sun being observed towards the

north. To say that such ajourney as this would never

be undertaken while the sun was advancing towards

the tropic of t'ancer, on account of the overflowing

of the Nile, is hardly a satisfactory solution of the dif-

ficulty.

It has already been observed, that before the time of Dbcorcric*

Herodotus, the Carthaginians had established acorn- "ftheCar-

mercial intercourse with some of the nations on the
''*6*^'*'"*

western coast of Africa, though it is not exactly known
when this intercourse began, or how far it extended.

There is reason, however, to believe, that the voyage uanno.
of Hanno, which some say reached to the mouth of jj. c. 430,

the Senegal, was not earlier than the end of the fit'th,

or beginning of the fourth century before Christ, and
tliat it was about the same time that the Carthaginians

first became acquainted with the Canaries, the northern

provuices of Spain, and the British islands. The latter,

indeed, had in all probability been visited at a much
earlier period by tlie Pho-nicians, who carried on a lu-

crative trade in tin with the inhabitants of Cornwall.

During this same period, the Greeks continued to cul-

tivate geography with ardour and success. Hippo- Hippocn-
crates, the celebrated physician of Cos, retracing the tes.

footsteps of Herodotus, and sometimes penetrating be- B. C. 420.

yond his predecessor, collected many valuable observa-

tions on the temperature and humidity of different cli-

mates as affecting the human constitution, and may
perhaps be justly styled the father of physical geo-

graphy. The subject in all its bearings wanted only

to be reduced to a regular and systematic form, to be

placed on a footing with the other sciences, and fortu-

nately the execution of this tabk fell to one who of all

men perha|is was the best qualified to do it justice.

Aristotle directing towards it the energies of his power- Arisiotlfc.

ful mind, stampetl a value on the discoveries and ob- B. C. 31ft.

servations of others, which till his time they had never

possessed. He collected and combined the whole of

these facts into one system of geographical knowledge,

deduced from them the spherical figure of the earth,

(the fundamental principle of all geography), and in

tliis s niple form put the science, along with otliers, in-

to the hand of his royal pupil, to smooth the march of

conquest, and make some reparation for the violated

liberties of mankind.
The expedition of Alexander constitutes an era in the

Disooverie*

history of ancient geography. As eager to be thought of Alcxan-

the patron of science as the conqueror of the world, he der and hit

was careful on all occasions to blend the two charac- followers,

tcrs, and judiciously letl to posterity an accurate geo- ^- ^' ^***

graphical account of his expeditions, as the most du-

rable monument of his military glory. His succes-

sors indeed, however anxious they were to imitate him
in other respects, did not shew the same predilection

for literary fame. But from the school whjch he esta-

blished in Alexandria, the light of science continued to

emanate with increasing splendour; and even to one of

liis generals, Seleucus Nicanor, who carried his victoi-



140 GEOGRAPHY.
HiUorv.

Seleucus es.

plores In-

dia.

B. C. 312
to S91.

Kxpediiions

of the Ro-
mans.

B. C. 264
to 140.

Tiilius Cs-
sar.

B. C. 50.

Strnbo.

B. C.30.

3;ireits of

his geogra-

Thule of

the ancient!

^icrording to

i'jllieas.

rioiis arms from the Indus, where Alexander's expedi-

tion terminatetl, to the mouth of the Ganges, geograpliy

was not a little indebted. His ambassadors Mcgasthe-
ncs and Dairaaehus, who were sent to Palibothra, the

capital of a large kingdom on the Ganges, and thought

to be the AUahabad, or according to others, Baliputra

of modern Indi,i, collected a great deal of important

information with regai-d to the natural history of the

country, as well as the manners of the inhabitants.

The spirit of commercial enterprise, which prevailed

particularly in Greece during the century after Alex-
ander's deatli, served not only to keep up a constant

intercourse with the countries thus discovered, but also

to extend the boundaries of geography to others before

unknown. The Grecian kings of Egypt carried on a

regular trade with India and "Taprobane (Ceylon), while

the Carthaginians extended their commerce along the

western coast, as well as into the interior of Africa.

The Romans also, having obtained possession of all

Italy, began to aspire after foreign conquest. Their
expeditions against Carthage made them acquainted

witli Africa, and what was of still greater consequence,

taught them the construction and management of ships.

In the Macedonian war they acquired a knowledge of

Greece, and rendered themselves formidable in Asia
Minor by the defeat of Antiochus. Their subsequent
conquests were still more important in a geographical

point of view. Julius Ca?sar gave the earliest and the

most accurate account of the interior of Gaul and the

south of Britain, Germanicus penetrated as far as the
Elbe, and Elius Gallus traversed the interior of Arabia.

Tl us b / the commencement of the Christian sera, geo-
graphy liad received a vast accession, not merely in ex-

tent, but in point of accuracy. Countries that had
only been heard of from the casual visit of a solitary

traveller, or misrepresented by the selfish policy of the
avaricious trader, were now familiarly known, from the
march of victorious armies, whose leaders were as anxi-

ous to describe as to conquer, and by a happy com-
bination of events, a Strabo arose to transmit an ac-

count of all these discoveries to posterity. Of the ele-

gant and learned work of this celebrated writer, we
cannot pretend to give any thing like an analysis, ; and
indeed no analysis could do it justice. We have only
to observe, that the portion of the globe which he de-
scribes is bounded on the north by the Baltic, towards
the east by the Ganges, and on the south nearly by the
line joining the mouth of that river with the mouth of
the Senegal. Of course his description of all the coun-
tries contained witliin these limits cannot be equally
minute, nor is he always accurate in his delineation of
those that were more perfectly known. He is frequently
mistaken with regard to the situation of particular places,

the course of rivers, and the direction of chains of
mountains. These, however, are errors wliich will
readily be overlooked, when we consider the period at
which the work was compo-»ed, a period when the
traveller had Ho struggle with difliculties in all in-
land expeditions, antl the geographer laboured under
disadvantages from thu want or the imperfection of
instruments, of which moderns can hardly form an
idea.

The only other subject which we would notice as
connected with this period of ancient geography, is the
situation of the much disputed Thule. Pytheas, a na-
vigator of Marseilles, who lived a short time before
Alexander the Great, after having explored the east, or
as he thought the north east coast of Britain, continued
his voyage, as he says, to the north, that is to the north-
east, and after six days fell in with land which he calls

'J'hule or Thyle, and which he states to be 46,300 sta-

dia from the equator. The situation of this place has
long been a disputed point both with ancient and mo-
dern writers, and the difficulty arises from not knowing,
in the first place, which of the ancient stadia is here
meant, and secondly, what was the precise length of
the stadium. The different kinds of stadia in use
among the ancients, are generally reduced, by modern
geographers, to four, but the respective lengths of these
have by no means been accurately determined. With-
out, however, entering into a detail of the various opi-

nions which have been entertained on the subject, we
shall merely state that of an eminent writer, which is

perhaps as accurate as any other. This author (M.
Gosselin) supposes, that of the longest stadia 666}
were equal to one degree of the equator, of the second
kind 700, of the third 833J, and of the fourth or Egyp-
tian 1 1 1 1|. Applying these different measures succes-
sively to Pytheas's account, we shall have for the lati-

tude of Thule 69' 27'; 66" 8'; 55" 3t', and 41° 40'.

Of these results the third appears to be the most pro-
bable, as it determines Thule to be on the west coast
of Jutland, and as it is to Jutland only that Pytheas'
description can at all apply. He says, for example,
that there the sea, the earth, and the air, seem to be
confounded in one element ; a description strikingly ap-
plicable to the downs of Jutland, where the sand is fre-

quently driven about with violent winds, and being
scattered over the surface of the marshes, conceals from
the unwary traveller the gulf beneath. His account of
the produce of the country is equally applicable ; and
the whole is rendered more probable, from there being
in Jutland, about a degree farther north than tiic situa-

tion of Thole, as now determined, a part of the coast

still denominated Thy or Thyland, and in the ancient

language of Scandinavia, ThiulaiKl. Otlier arguments
might be urged in favour of this opinion, notwithstand-
ing the scepticism of Strabo, and other ancient geogra-
phers ; but more, perhajis, has already been said on the

subject than is consistent with the nature of our plan.

See FouLAH.
For some time after the commencement of the Chris-

tian era, the progress of geographical disco\ery Avas

neither rapid nor very extensive. The Romans had
by this time, indeed, subdued the greater i)art of the

known world, and had consequently a gri^at deal in

their power with regard to the advancement of science.

But their attention w£^s directed more to what they al-

ready knew, than what they might still have to disco-

ver. They soon began to perceive that conquests were
more easily made than retained, and that, by attempt-

ing to gain more, they might eventually lose what they

already possessed. 1'hey had tlierefore no longer any
inducement to extend their researches into foreign

coimtries for the purpose of conquest, scarcely even
for military renown ; and thus geography was deprived

of the aid which it had formerly derived from a spirit

of military adventure, and to which, more than any
other circumstance, perhaps, it was indebted for its suc-

cess. Nor had the Romans the same temptation as

formerly to explore unknown regions, for the purpose

of commerce. Asia continued long to supply them in

abundance with every luxury which they coidd desire,

through the ordinary channel ; and while that supply

kept pace with the demand, it was not to be expecte<l

that they would give themselves much trouble either

about discovering new countries, or exploring new chan-

nels of comminiication with such as were already known
to them. Add to all this, tliat geographical discovery

was approaching that point when its farther extension
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could only be looked for in the event of some new and
important improvement in the art of navigation, or

some discovery in those sciences on which it cliiefly de-

pends. But tliotiffh these circumstances were suflicicnt

to prevent the Romans from extendinfr in any great de

•(tee the sphcrn of geographical knowledge, they were

by no raean.^ inattentive to the cultivation of the sci-

ence in general. Tiie civil and military establishments

which they were obliged to maintain in all the conquer-

ed provinces, and the security which trade enjoyed

under a rcgidar and efficient government, gave rise to

« closer and more regular intercourse among all the

countries which composed the empire, than had ever

Jjeen known at any former period. Were we indce<l to

point out the limits of Roman geography, we should

probably not include a much greater extent than has

been already assigned to that of Stralx). Ihit in point

ofaccuracy and minute detail, the difference is consider-

ably in favour of the former. They were well acquaint-

etl with all the countries on the Danube and the ^'istu-

la, nor was the liha or Wolga unknown to them, though

sometimes confounded witli the Tanais or Don. Of
•tlie iiiiumiccliate space containing .Scythia, Sannatia,

and J)acia, we have accounts from various Roman wri-

ters, tliough it is obvious that in many things they fol-

low Herodotus. Their knowledge of the countries on
the southern coasts of the Baltic, as well as Jutland, then

called Cimbria Chersonesus, was tolerably accurate with

regard to situation and extent ; but the origin and
names of tlie different nations were by no means well

ascertained, and notwitlistanding the labours ofmodem
geographers and critics, they are still involved in darkness

and confusion. The Romans little thought, in the me-
ridian of their glory, that they were idtimately to fall a

eacrilice to the ravages of nations so barbarous as to be
without the limits of the civilized world, and so rUde
as to be incapable of communicating to others any ac-

count of their own origin or early history. Of the coun-

tries to the north of the Baltic, the Romans knew com-
paratively little. 'I'he southern part of Sweden was
denominated Scandia, and was considered as an island

of unknown extent. It seems, indeed, to have been
the general opinion, that the Baltic was part of the north-

em ocean, containing an archipelago of large islands,

and it may perhaps be inferred from this opinion,

that their geographical knowledge, in this direction,

did not extend beyond the large lakes in the south of
Swe<len, aiul the entrance ofthe gulf of Bothnia. Pro-
ceeding westward, the next country we meet with in

the geography of the Romans is Britain, of which we
have a very minute account, comprehending not only
the mainland of England and Scotland, but also Ire-

land, the Isle of Man, the Western Islands, and the
Orknies. Ptolemy speaks of Thule as situated to the
north-east of Britain, by which ho has been understood
as meaning one of the Shetland islands. It cannot,
however, be inferred from this, that the Romans were
really acquainted with these islands. Of Gaul and the
other western countries of Europe, it is hardly neces-
sary to take any notice, the Roman accounts of these
being familiar to every body.
From the west of Europe we naturally pass to Africa,

and we find that the Romans were acquainted with
about one-third of tliat continent. Phny, from a state-

mcnt by Agrippa, estimates the breadth from north to
south, through Cyrenaica and the country of the Gara-
mantes, that is from Barca towards Bournu, at 9IO Ro-
man miles, a distance from the Mediterranean which
falls considerably short of the Niger. It appears, how.

The Nigfr.

ever, that they wcfe not altogether ignorant of that ri- Hi««ir.-

ver in another direction. Pliny, on the authority of Juba,

king of Mauritania, mentions that the Nile rises from a

lake in the interior of that country, and that, after run-

ning under ground through a desert oftwenty days jour-
ney in extent, it makes its appearance again on the con-
fines of Ethiopia, where its source is called Nigris. From
this modern geographers have concluded, that the desert

here mentioned is the great desert of Sahara, that what
Pliny calls the Nile is only a small river running along
the south side of Mount Atlas, and that its pretended
reappearance is no otiier than the source of the Niger or
Jolii)a. In this our readers will recognise the opinion

of Herodotus, expressed in a more detailed form, that

the Niger and the Nile arc the same river, and they
will also observe, that the Roman geographers, in the

time of Pliny, were not better acquainted with the

western part of Africa, than their rivals the Carthagi-

nians had been. Ptolemy, indeed, distinctly mentions
the Niger, and enumerates some of the towns situated

on its banks, as Tucabath, Nigira, Ta-Gana and Pana-
gra, in which later geographers have discovered the

modern towns of Tombuctoo, Casljnah, Ganah, and
Wangara ; but even his account of the interior is very
partial and indistinct. Of the Canaries, the Romans The Canary

undoubtedly knew more than the Carthaginians, though islrods.

these islands were still regarded too much as the region

of fiction. They were calle<l in general the Fortunate

Ixles, a name famous with the poets, and perhaps too

frequently employed in the more sober details of the

historian. Among the particular names, we find Ca-
naria and Nivaria, the former obviously the same with
modern Canary, the latter, perhaps, denoting Teneriffe

with its snowy summit. On the eastern side of Africa,

the geography of the Romans was neither very distinct

nor very extensive. They seem to have been acquaint- The Kile,

ed with the Nile, as far as the Automales of Herodotus,
but not to have penetrated farther. On the shores of
the Indian ocean, their navigation terminated at the

promontory of Prasum, a point which Ptolemy repre-

sents as lying to the south of the equator, but which,
from a careful investigation of the measures employed
by him, is found to corresjwnd with Cape Brava, two
degrees to the north of the line.

When we turn to Asia, we find the geographical im- In Asia.

provements of the Romans much more interesting in a
scientific point of view, as well as more important in

regard to commerce. These irnprovements may be al- Discovery

most wholly ascribed to the discovery of the monsoons, of tho mon-

by which the communication with India was complete- *°P"' '" ''"'*

ly altered, and the trade of that rich and luxurious
Auuiis'tus.

country prodigiously extended. Embarking at the

Egj'ptian ports on the Red Sea, and passing the straits

of Babel-mandel, the merchant was carried by the

south-west monsoon, or Hippalus, so called from its

discoverer, directly to the peninsula of Hindostan, and
back again by the Vultumus, or north-east monsoon,
in the course of the same year. This navigation was
first undertaken during the reign of Augustus, till

which time the route to India was either across the de-

sert from Syria to the Euphrates, down the Persian

gulf and along the northern coast of tl»e Arabian sea

to the mouth of the Indus ; or farther to the north by
the Caspi;m sea, and the Oxus or Jihon. Some ancient

writers represent the latter as much more easily accom-
plished than it could possibly have been, by supposing
that the Oxus fell into the Caspian Sea, or i-ather that

Lake Aral was a gulf of that sea. But even if this hafl

been the case, the coDvcyance of raefchandise by such
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a route, must have been exceedingly slow, expensive,

and precarious, compared with the direct course across

the Arabian Sea. By the latter, also, the western coast

of the peninsula of India became better known, and

opened the way for other discoveries in the interior as

well as on the Bay of Bengal. The whole extent of

country south of the line joining the mouth of the In-

dus and the mouth of the Ganges, was soon explored,

and is described with considerable minuteness by Pliny
^ and Ptolemy. Of the north of India, the accounts of

these writers are extremely vague ; but it appears that

Thibet was pretty well known under the name of Se-

rica. On this subject, indeed, there has been much
learned disquisition among critics and geographers,

some supposing, as we have now stated, that Serica

included Thibet, with part of the north of India, while

others consider it as denoting China. This last opi-

nion is chiefly founded on the calculations of Ptolemy,

by which Serica appears to be situated in the middle

of the Pacific Ocean ; but these calculations are obvi-

ously in direct contradiction, not only to Plin}', but to

Ptolemy himself. According to the former, Asia ter-

minated a little to the east of the Ganges and the north

of the Caspian Sea ; and he distinctly says that the

Seres inhabit the middle of the eastern regions, of

which the Scythians and Indians occup)' the two ex-

tremes. The latter also describes Serica as bounded
on the east by unexplored countries, and on the south

by the mountains of Emondus, (the modern Emod,
Hema, or Himmala), which separate it from India. It

is unnecessary to observe, that neither of these accounts

can possibly apply to China, while both are accurate if

understood of Thibet. " Here, then," to use the words
of a modern geographer, " among the Alps of Asia,

and on the borders of the gi*eat desert of Shamo, ex-

pired the last ray of the geographical knowledge of the

ancients."

To pursue the history of geography through the pe-

riod on which we are now about to enter, would be to

trace the decay of every thing dignified and ennobling,

and to mark the progress of ignorance and l)arbarism,

triumphing over science and civilization. We should
find, in the course of a few centuries, the inhabitants

of the whole civilized world completely extirpated, and
succeeded by a race of men who knew nothing of them-
selves farther back than their recollection carried them,
and nothing of the rest of mankind but what they
learned during their career of victory and bloodslied.

We should perceive the termination of all friendly in-

tercourse among different countries, and wars carried

on no longer with a view to conquer and civilize, but
to extirpate and destroy. It is not consistent, however,
either with the nature or the limits of the present ar-

ticle, to enter into a m<nute detail of the circumstances
that conspired to accelerate the destruction of the Ro-
man empire, or enumerate the various tribes that took
possession of the different countries of Europe, and the
revolutions that took place in their manners and form
of government. We shall only observe, therefore, that
during the latter period of the Roman history, litera-

ture and the fine arts had in a great measure banished
the cdltivation of science, and the ardour of curiosity,
so necessary in all laborious researches, but particular-
ly for geographical discovery, had degenerated into a
love of indolence and ease. A great deal still remained
to be done by active and enterprizing adventurers, be-
fore the science of geography could be successfully pro-
secuted in the retirement of an academy ; but enter-
prize and adventure were no longer to be found among

a people enervated by every species of luxury and dis- H
sipation. We find, accordingly, that from the time of '*—

Ptolemy, till the overthrow of the Roman empire, there

is scarcely a single fact on record that deserves a place

in the history of geographical discoveries. From tliat

period, the progress of all knowledge was retrograde.

The monuments of learning that had been reared by
the persevering labours of many ages, were successive- a. i

1}' overthrown ; till Alexandria itself, the last refuge of
persecuted science, fell a sacrifice to the merciless fury
of a barbarous fanatic. The work of devastation was
now complete. The last faint glimmerings of intellec-

tual light were extinguished, and tlie gross perversion
of religious principle in Europe, with the establish-

ment of a false system in Asia, threatened to perpetu-
ate that darkness which had enveloped the civilized

world.

Such was the state, and such the prospect, of liter- Geo
ature and science about tlie middle of the seventh cen- "f '*

tury. There was still one country, however, which liad ''''"'

not yet felt the shock of revolution, and from which
the light of science was again destined to emanate.
Arabia, from time immemorial, had preserved its inde-

pendence ; and while the rest of the civilized world
was hurrying into decay, it continued to enjoy its an-
cient laws and privileges, and made considerable pro-

gress in many of the useful arts. Even the establish-

ment of Mahometanism, at first so fatal in its operation,

and which, like every other false system of religion,

might have been supposed inimical to the progress of
science, eventually contributed to the advancement of
geographical knowledge. The Arabians, possessing a
great extent of sea-coast, had from a very early period

carried on an extensive trade, which was considerably

increased by the conquests of Mahomet and his imme-
diate successors. In their eagerness to propagate the

doctrines of Islamism, the Arabian caliphs extended

their arms to the pillars of Hercules in the west, and
the banks of the Ganges in the east, and thus geogra-

phical discovery was once more associated witli its most
powerful ally, a spirit of military and commercial ad-

venture. By the middle of the ninth century, the ^
Arabians had formed settlements in different parts of

China, and established an intercourse with Madagascar,

the Maldives, Ceylon, Sumatra, .lava, and other ori-

ental islands. Nor was it to geograpiiy, considered in a

commercial point of view, that their attention was ex-

clusively directed. Their generals had orders to pro-

cure geographical accounts of all the countries which
they subdued ; and we ilnd the Caliph Al Mamon, as

early as 833, obtaining tlie measurement of a ilegree

of latitude in the desert of Saniigiar, for the purpose of

ascertaining the magnitude of the earth.

While the followers of Mahomet were thus extend- Go
ing the boundaries of geography in Asia, a spirit of en- of<

terprise seemed for a time to break out in the north of
'f

Europe. The earliest account of Denmark, Norway,
and Sweden, on which any reliance can be placed, is

that given by Alfred king of England, towards tlie end
of the J)th century. This account is chiefly founded on
the information of certain Norman adventurers, who
finding the southern parts of Europe already in posses-

sion of their own countrymen, were forced to betake

themselves to maritime expeditions in quest of new set-

tlements. These adventurers gradually extending their <•

researches into the Northern Ocean, discovered Green- *

land and the Shetland isles, on both of wlucli they ^
planted colonies, about the end of the lOtli century. In a
the year 1001, Biom, a Nomian navigator, while steer-
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iiig round the coast of Greenland in search of his fa-

ther, was driven by a storm a considerable way to the

south-west, where he fell in with land, afterwards call-

ed V'inland, and supposed to be part of North America.

Subsequent voyaces to the same place tend to confirm

this opinion, jwticiilarly that of the Zeni, two noble

Venetian brothers, who, in the account of liieir adven-

ture in 1390, describe a country called by them Mstoti-

land, corresponding in every respect with Vinland, and

agreeing- in many points also with Newfoundland in

North America. From this circumstance it has been

inferred, thai Columbus, in his anticipations of a west-

ern conthient, was guiiled by something more decisive

than b;j-e coigecturc. But whatever truth there may
be in this supposition, it seems to be generally admit-

tetl, that the Normans had at a very early period land-

ed on the coast of America. The consequences of the

discovery however, were neither interesting nor imjiort-

ant. Europe still c<mtinued ignorant and inactive, or

engaged in pursuits suited only to an age of ignorance

and barbarism. Even when her energies were awa-

kened by the crusafling mania towards the end of the

nth century, they promised to l>e productive of little

benefit to the cause ofliteratuie and science. The pro-

fessed objecr of tiie cru^ides was in itself chimerical,

and it is difficult to say what advantage would have re-

sulted from them, had they been comj)letely successful.

But though the immediate effects of these fanatical ex-

peditions are still somewhat problematical, there can be

no doubt that they were ultimately beneficial in a com-
mercial |)oint of view. It was in order to supply the

crusaders with stores and ammunition, that the (ieuocse

were first tempted to cultivate the art of ship-building,

which for many centuries had been almost totally ne-

glected, iuid to extend their short coasting expeditions

to the most distant extremity of the Mediterranean.

The same enterprising people having afterwaixJs suc-

ceeded in re-establishing the Greeks on the throne of

Constantinople, were rewarded with certain exclusive

privileges in the way of commerce. By this event, their

rivals the Venetians, who had shared with them the ad-

vantages of a trade with India nearly by the same route

as was formerly known to the Romans, were excluded

from the navigation of the Black Sea. The monopoly,
however, was in this case beneficial to the cause ofcom-
merce. The V'enetians, by concluding a treaty with
the Sultan of Egypt, opened a communication with In-

dia by the Red Sea ; and Alexandria soon became the

grand depot of commerce, as it had formerly been the

retreat of literature and science.

VVhde the consequences of the crusades were thus
apparent in exciting a spirit of enterprise in the com-
mercial world, there were not wanting men who, actu-

ated by motives very different fi'om those of avarice or
even curiosity, contributed from time to time to extend
the boundaries of geography in the East. These con-
sistefl ofecclesiastics, who, animated by a sincere though
mistaken zeal for promoting the doctrines of a corrupt-

ed church, imdertook long and painful journies into

countries which European commerce had not yet reach-

ed, and endeavoured, by the more captivating mctho<l
of jjersuasion, to propagate opinions, which the sword
had in vain attempted to impose. From the accounts
of these missionaries, scanty and unsatisfactory as they
frequently were, a great deal of information was ob-
taine<l respecting the interior of Asia, particularly the
north of India nnJ Tarfary. Among those who chiefly

distinguished themselves in these expeditions, the first

place IS due to Marc-Paul, a noble N'enetian of the 1 3th

century. This celebrated traveller set out with his fa- Hi»U)ry.

ther Nicolas Paid, who had already acquired consider- -i^^/'Tr'
able reputation as a missionary to the East, and some j[™"paui
Dominican monks in 1271, and after 26 years spent in \_ d u^i
unremitted labour, during which time he not only tra- to 1297.

versed those countries that were already known, and
explored many new regions on the continent of Asia,

but also visited Borneo, Java, Stnnatra, the Nicobar
islands, Ceylon, Madagascar, and other islands in the

Pacific and Indian Ocean, till then unknown to Euro-
peans, returned to Italy, where he was soon after made
prisoner in a war with the Genoese. It was during his

captivity in Genoa, that he wrote the account of his

.travels ; a work which, though composed in a very ir-

regular and confused manner, continued long to be the

guide of Europeans in all matters relating to oriental

countries. Of himself and his writings it has been just-

ly observed, that he was the father of the modern geo-

graphy of Asia, the Humboldt of the 13th century,

though the misfortunes of the latter part of bis life, by
preventing him from publishuig a more accurate and
systematic account of his travels, have thrown a shade
over the glory of his own name, and robbed science of

the advantages which she might otherwise have derived

I'rom his labours.

Piissing over the other events of the 13th and 14th Discoveries

centuries, as presenting nothing very striking or import-
'"

ant, we hasten forward to a period of all others the t^he be-'

most brilliant and interesting in the history of geogra- ginning of

pliical discovery. About the beginning of the 15th tlie 15th

century, the Portuguese began to attract the notice of centurj-.

the other European states, by the glory of their military

exploits, and the fame of their naval discoveries. Hav-
ing succeeded in driving out their inveterate enemies
and oppressors the Moors, they carried their arms into

Africa, where their achievements were such as might
have been expected from a combination ofevery motive
that could lead to acts of fearless bravery. Religious

zeal inflamed them with the desire of extirpating the
enemies of the Christian faith ; avarice inspired them
with the hope of sharing the treasures of a rich and
powerful people ; and a spirit of chivalrous and roman-
tic gallantry threw a charm over military enterprise,

more powerful perhaps than either of the other princi-

ples. The youthful adventurer of every country ranged
himself under the standard of Portugal, and courted the

approbation of his mistress by deeds of valour on the
shores of Africa. Success in such circumstances could
be neither slow nor uncertain, and every new victory

led the way to a new expedition. The coast of Africa

as far as Cape Nun, had been formerly explored more
than once ; but all beyond that was still enveloped in

impenetrable darkness. The art of navigation, bow-
ever, from the discovery of the compass, was rapidly

improving ; and the daring spirit of enterprise that had
just been awakened, could no longer be confined with-

in the former limits. In attempting to extend their

discoveries towards the south, the Portuguese fell in

with, and took possession of Madeira in H20; and in Madeira.

14.33, Cape Nun was doubled for the first time by Gi- A. D. 1480.

lianez. It is generally supposed, that in the same year
the Azores, or Western Islands, were discovered, tliough

on this point geographers are by no means agrecil.

The discoveries of the Portuguese along the coast of Cape Verd
Africa, though not very rapid, became after this period iilands.

progressive. In 1 145 they reached the Senegal ; and -"^ "• '*^*

m 1456 discovered the Cape Verd Islands. A short

time after this, Pierre de Cintra penetrated as far as

Cape Mesurada, where the coast of Africa stretching

I
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History, -towards the east, promised a speedy accomplishment of

^"""V"^ the great object of all their expeditions, the circumna-

vigation of Africa. It was just at the dawn of these

hopes, that the death of Prince Henry, the author of all

the grand projects of the Poitaguese, threatened to put

an end to exertions equally honourable to his country,

and beneficial to the interests of science. The spirit of

the prince, however, had by this time been communica-

ted to the nation, and the progress of discovery scarce-

ly suffered any interruption. Prince's Island, St Tho-
mas, and Annobon, were discovered in 1471 : in 1484',

Diego Cam entered the river Zaire, or Barbela, in the

kingdom of Congo ; and finally in 1 48(), fifty-three

Cape of years after GiHanez had first donbled Cape Nun, Bar-

Oood Hope, thelemy Diaz reached the southern point of Africa,

A. D. 1486. which he named the Slormy Cape, but which King
John II. afterwards more properly denominated the

Cape of Good Hope,
Slow pro- While the slow progress of the Portuguese in explo-
crcss of tlie yj^g the west coast of Africa, has generally been ac-
Portuguese g^ynted for from the imperfect state of navigation at

that period, it has also been considered by some geo-

graphers, as a conclusive argument against the pre-

tended circumnavigation of Africa by the Phoenicians,

it being quite incredible, in their opinion, that the lat-

ter should have been able to accomplish in three years,

twice as much as the Portuguese, with the assistance

of the compass, could effect in half a century. With-
out at all entering again into the merits of the ques-

tion, we would observe, that the conclusion drawn from
the preceding fact is by no means legitimate. The
Portuguese, in all their expeditions, seem to have con-

fined themselves chiefly to the coast, where the com-
pass coidd be of comparatively little use ; and there can

be no doubt, we think, that in every thing connected

with coasting navigation, the Phoenicians had acquired

much greater skill and dexterity than the Portuguese

could possibly have at the commencement of their Afri-

can cxpetlitions. But to proceed with their discove-

ries.

In 1'1'97, Vascode Gamawas dispatched for the piu"-

rracli ludix pose of exploring a passage to India by the Capeof Good
A. D. 149S. Hope, at the same time invested with a commission to

conclude a treaty with Prester John, whom the Portu-

guese supposed to be the prince of Abyssinia, or some
other country on the eastern coast of Africa. That cele-

brated navigator, after touching successively at Port Na-
tal, Mozambique, and Melinda, obtained pilots at the last

» of these places, and traversing the Arabian sea, in 1498,
landed at Cal icut, on the Malabar coast, the wholeofwhich
he soon after explored. About 1 506, succeeding navi-

gators pushed their discoveries along the eastern coast

ef Africa, as far as the straits of Babelmandel, and thus
Ttjlon. completed the circumnavigation of that continent. In
iV. U. IJU. the same year they discovere<l Ceylon, and in 1511

established themselves in Malacca. Their discoveries

after this period are too numerous to be particularized.

It is enough to observe, that by 1520 they had visited

the Sunda islands, the Moluccas, Philippines, and in-

deed almost all tlie islands to the south-east and east

of Asia, as far north as the thirtieth degree of latitude.

Their being prohibite<l from entering China, probably
led to the discovery of many islands in the Pacific at a
nju?h earher period than would have happened, had
the Portuguese been permitted to open a commercial
Intercourse with that country.

While geographical discovery was making such ra-

^_ pid progress in the East, the West also had become the

aTij. 1492. scene of very interesting and important events, by the
5

Porlumcse

nisccTcry

or,Aiiicrici

by Colom-
bm.

vast and daring projects of Columbus. Hitherto the HI

course of navigators, in all voyages of discovery, had "^^

been determined by the direction of the coast, and was ^.^^'

probably, for the most part, within sight of land ; but [,„ q
Columbus, leaving the guidance of the shore, and trust- bus.

ing to the compass alone, ventured across an ocean of A. D
unknown extent, in search of a continent whose exist-

ence was extremely doubtfid. In order still further
to excite our admiration of this extraordinary man, it

has been said, that he was strongly impressed with the
idea of there being a great western continent, and at-

tempts have even heen made to point out the train of
reasoning by which a man of genius might be natural-
ly led to form such an oj)inion. We do not tliink,

however, that the character and merits of Columbus
require any adventitious support of this kind. If the
circumstances to which we have already alluded re-
specting the adventure of the Zeni, in 1390, be well
founded, it proves, that Columbus was not less chstin-

guished for prudence than for intrepidity ; and if it be
false, we apprehend that his adventure is to be ascribed
to an error common to him with Aristotle and many of
the ancients, that the eastern extremity of Asia was
not far distant from the shores of Spain. But what-
ever was the origin or tlie nature of the opinion formed
by Columbus on this subject, it is certain that he un-
dertook his voyage under a strong conviction of liis ul-

timate success ; and it is a curious coincidence, that at

the very time when Vasco de Gama was taking pos-
session of the peninsula of Hindostan in the name of
the King of Portugal, Columbus was adding a new
continent to the kingdom of Spain. It is unnecessary
here to detail the circumstances connected with tlie

discovery of America, as we have already done so in

another part of our work, (See America and Colum-
bus.) We cannot, however, avoid noticing the striking

contrast which the history of that period exhibits, be-

tween the speculations of a few bold and aspiring in-

dividuals, and the childish pi-pjudices which still en-

slaved the great bulk of mankind. While Columbus
supposed that the nearest route to the eastern sliores of
Asia was by the western ocean, the Pope imagined,

that, by a line of demarcation drawn on one side of
the globe, he had completely separated the discoveries

of the Spaniards and Portuguese !

Though Spain, in exploring a nearer passage to the V<»y

East Indies, had discovered and taken possession of a '^'*S'

new continent, she did not relax her endeavours to ef-
^

feet her first object. Accordingly, in 1520, Magellan
was sent out on another voyage of discovery, when he
succeeded in passing the extremity of South America
by the strait which still bears his name, and, pursuing
his voyage westward, reached the islands on the ea.".!

coast of Asia. After his death, which happened at one

of the Philippines, his companions continued their

course, and, after touching at the Moluccas, returned

by the Cape of Good Hope, having accomplishe<l tlie

first navigation of the globe in 1121- days. The at-

tempts of the Spaniards to discover a passage by the

north of America were not so successful. Some in-

deed have imagined, from their description of the

Strait of Anian, that it was Bhei-ing's Straits which
tliey had reached by the north-west ; but it is obvious

that this strait was no other than Hudson's Strait, about

the position of which the navigators of that period had
formed some erroneous notions.

The success that had hitherto attended the adven- w\.

tures of the Spaniards and Portuguese, soon stimulated of t?

othcj- nations, particularly such as had thrown off the £>'»';
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Papal yoke, to undertjike similar expeditions. In 1:578,

Sir Francis Drake discovered the southern extremity of

Terra del Fiiego, with some parts on the western coast

of America, and completed the circiimnaviji-ition of the

globe in 10.51 days. In 1556", some English naviga-

tors, in seeking a north-east passage to India, fell in

with Nova Zt-mbla, and about the same time the Dutch
discovered Spitzbergen. Of tlie discovery of New Hol-

land, or Australasia, various opinions tiave been enter-

taine<l, some ascribing it to CJonnevilie in 1503, others

to Menezes, a Portuguese navigator, in 1 527 ; but the

first authentic account of a l.inding on the coast is by

Captain Dirk Hartigh, a Dutchman, in 1616, (See Aus-

tralasia.) It would be tedious to enumerate the va-

rious voyages of discovery, as well as land travels, that

have been undertaken by different nations since the com-

mencement of the 1 7th century, and still more so to give

a catalogne of the islands and countries with which

their labours have made us acquainted. We cannot

conclude this sketch, however, without mentioning the

names of Cook, Flinders, and Park, who may all be

juitly denominated martyrs in the cause of geographi-

cal discovery. With Captain Cook's discoveries in the

South Sea, Captain Flinders' expedition to the south of

Australasia, anil Mr Park's interesting travels in Africa,

our readers cannot fail to be acquainted. Cook, indeed,

has been accused, by some French writers, of having

entertained a mean jealousy of other navigators, unbe-

coming in any man, but particularly unworthy of one
who had deserved so well, and enjoyed so much, of the

grateful admiration of mankind. But the history of his

successor proves, that even those who are loudest in

their praises of liberality, and the most strenuous advo-

cates for the maxim palmnm qui meruitferat, are not al-

ways proof against the pitiful and degrading vanity of

attributing to themselves the discoveries made by ono- Hittory.

ther. At the very moment that the accusation above '^p/'*'^

alluded to was brouirht against Cook, the accusers y"J"''
., , •^,•11.1- treatment
themselves were joming a national league to deprive ^f Captain
tlie deeply injured Captain Flinders of his hard earned flinders

glory, as they had before done of his freetlom and his by tlie

property. Accident and misfortune threw hun into I'J^'^
their hands in the isle of France, where he was, in

^'^

violation of every law, both of hospitality and huma-
nity, detained a prisoner, and treated a3 a criminal for

more than six years, obviously for no other purpose
but to afford time to the French navigators who had
followed his track under the protection of British pass-

ports, to publish the account of discoveries which had
been stolen from another. Justice indeed has at length
extorted an acknowledgment of the fraud, and the geo-
graphers of other countries are erasing from their

charts the names, by which the authors of this infa-

mous plot thought to immortalise themselves at the ex-
pence of an individual. This much was due to the me-
rits and memory of Captain Flinders, and a triumph
more honourable or more complete, the friends and ad-
mirers of that lamented navigator can neither desire nor
expect. But what expiation will ever wipe away from
the character of a great nation, the blot which it has
sustained, by permitting itself to be either deluded or
wilfully drawn into a participation of such baseness, as

to lend its sanction to an imposition, the most abomina-
ble in the annals of science ? See Strabonis Rerum.

Geograph. Ubri xvii. &c. Oxon. 1807; Rennel's Geo-
graphi) of Herodotus ; Malte Brun Precis de la GeogrO'
phie Uiiiverselle, tom. i. ; Flinders' Voyage to Terra
Australis, 1801, 1802, 1803: also our articles Africa*
Cook, and Park.
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CHAP. I.

Of the Sphere.

Sect. I. Of the Figure of the Earth, and of the Sphere
in General.

The fundamental principle of all mathematical gco-
graph)^ and what of course naturally claims our first at-

tention, is the spherical figure of the earth. The proof of

this, however, is neither elaborate nor abstruse, the vari-

ous phenomena from which it is inferred being so obvious
and so conclusive, as to require only to be mentioned.
The first, and perhaps the most simple of these which
we shall notice, is the appearance of a ship at sea, ei-

ther approaching to, or receding from, an observer on
the shore. In the former case the vessel seems to rise

out of the water, and in the latter to sink beneath it, a
phenomenon that can only be accounted for from the
convexity of the earth's surface; and as the same appear-
ance is observed at all times and in all situations, this

convexity must also hold in every direction, that is, the
earth must be spherical. The same conclusion may
also be drawn from other phenomena ; as the change
which takes place in the visible part of the earth's sur-
face, as well as of the heavens, to an observer who
changes his situation—from the circular form of the
earth's shadow, as observed in eclipses of the moon

—

and, finally, from the actual circumnavigation of the
globe. Our readers will find these appearances illus-

VOL. X. PART. I.

trated at greater length under the article Astronomy,
at p. 658 of the second volume of our work. Without,

therefore, attempting any fartlier proof of the fact, we
shall proceed on the supposition that the earth is a per-

fect sphere. This, indeed, is not exactly the case, the

globe being flattened or compressed at two opposite

points, forming what mathematicians call an oblate

spheroid, and at the same time having its surface di-

versified with numerous elevations and depressions.

But to the geographer, these inequalities are of no im-

j)ortance, as they are too inconsiderable to affect any
of the problems that he may have occasion to solve.

The longest diameter of the earth is to the shortest

nearly as 1 to -9968, or as 301 to 300, and the highest

mountain on the earth, if represented on a sphere of six

feet nine inches diameter, would not project from its

surface farther than .^'^th of an inch. In a system of

geography, therefore, we may safely omit the consi-

deration of such minute irregularities, and regard the

globe as really a perfect sphere.

As our chief object in the present article is to ren-

der the principles of geography intelligible to our rea-

ders in general, we shall endeavour, as much as possi-

ble, to exhibit a popular view of the subject, referring

the scientific reader to those articles of our work, where
the propositions that we may assume, and the i)heno-

mena that we shall have occasion to explain, are exami-

ned and illustrated on the most rigid principles. Agree-
ably to this plan, we shall here throw into the form of

definitions, some of the properties of the sphere in ge<
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neral, referring for a demonstration of these properties

' to the article Trigoxometry.
A sphere is an uniformly round body, every point of

whose surface, is equally distant from a point within

tlie body, called the centre. Hence,
If a circle is made to revolve about its diameter,

which remains fixed, its circumference will describe or

trace out the surface of a sphere. The circle thus re-

volving is called the generating circle.

The diameter of a sphere is a straight line passing

through the centre, and terminated both ways by the

surface.

The axis of a sphere is that diameter about which
the generating circle, or sphere itself, is supposed to re-

volve.

If .in indefinitely thin plane or flat surface cut or

pass through a sphere, the part of the plane that lies

within the sphere will be a circle, whose circumference

appears on the surface, and is called a circle of the

sphere.

The pole of a circle of the sphere, is a point on the

surface, from which every point in the circle is equally

distant. Hence
Every circle of the sphere has two poles, diametri-

cally opposite to one another.

A great circle of the sphere, is that whose plane pas-

ses through the centre, and consequently divides the

sphere into two equal parts or hemispheres.

A small circle of the sphere is that whose plane does

not pass through the centre, but divides the sphere into

two unequal parts.

Every circle is supposed to be divided into 360
equal parts, called degrees ; each degree into 60 equal

parts, called mimites j and each minute into 60 equal

parts called seconds. These different subdivisions are

denoted by the signs ° ' ", thus 12=" 15' 10" mean 12
degrees, 15 minutes, and 10 seconds.

The length of an arch is expressed by the number of
degrees, minutes, and seconds which it contains; thus
the fourth part of a circle, or a quadrant, is said to be
equal to 90°.

The distance between two points, on the surface of a
sphere, is measured by an arch of a great circle inter-

cepted between them.
All great circles of a sphere are equal, and intersect

one another in two points diametrical!}' opposite.

The angle formed by the intersection of two great
circles, is measured by the arch of another great circle,

cutting the other two at the distance of gO° from the
point of intersection in each.

When two great circles make with one another an
angle of 90", that is, when their planes are at right
angles to one another, they pass through each others
poles, the poles of a great cu-cle being 90° distant from
its circumference.

Sect. II. Of the Celestial Sphere.

Gcnerd Thk heavenly bodies as seen from the earth, appear
view of the to be placed in the concave surface of a hollow sphere,
celestial having the earth in its centre, and seem to describe
tpijete. circles every 24. hours of a greater or less circumference,

according as they are farther from, or nearer to a cer-
tain point, tliat appears fixed. Diametrically opposite
to this pomt is another, about which also the heavenly
bodies seem to describe circles, thus exhibiting the
same appearance, as if the whole celestial sphere revol-
ved about a diameter from east to west. In this mo-

Diurnal tion, which is called the diurnal rcvolurion of the sphere,
evolution, all the heavenly bodies seem to participate, but the
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sun, with others of them called planets, haVe also a ailn

proper motion of their own in a contrary direction, by '^^ ^>

which, in a certain time, they perform a complete revo- , P**

lution of the sphere, though this is generally a very long '

period compared with that of their diurnal revolution.
Thus the sun, by his proper motion from west to east,

describes a circle of the celestial spliere in 363 days,
the moon in 27, and the other planets in different pe-
riods between 87 and 30689 days. In order to illus-

trate these motions, as well as to determine the relative

positions of the bodies themselves, certain imaginary
points and lines are supposed to be marked or traced
out on the surface of the celestial sphere. The most
important of these we now proceed to explain.

Tlie north and south poles of tlie world, are those Definii

points in the celestial sphere that appear to be fixed.

The poles are also termed arctic and antarctic; the arctic ^'^^'^^ <

or nortli pole being that which is visible in this as well
^"'^

as in every other country of Europe.
7'he ajcis of the world is that diameter of the sphere Axis,

which connects the poles, and about wliich the whole
sphere seems to revolve.

The zenith of any place on the earth, is tliat point in Zenith

the celestial sphere which is directly over the place, or
it is the point in which the plumb-line at that place, if

produced upwards, would meet the celestial sphere.
When the sun or any other heavenly body is in the
zenith oi a place, it is said to be vertical to that place.

The nadir is a point in tlie sphere diametrically opr Nadir.

posite to the zenith.

The equinoctial is a great circle of the sphere whose Equina

poles coincide with the poles of the world. ''s'-

The horizon is a great circle wliose poles are the Horiza

zenith and nadir.

The cardinal points of the horizon are its north, south, Cardini

east, and west points, which divide it into four qua- points i

drants, the two first being opposite to each other, as ' '

also the two last. The point of the horizon nearest the

north pole is called the north point.

Meridians, called also hour circles and circles ofright Meridii

ascension, are great circles perpendicular to the equi-

noctial, and consequently passing through the poles of
the world.

The meridian of the place, or the twelve o'clock hour Meridii

circle, is the meridian that cuts the horizon in the north °^ '*•*

and south points. ^ '"^^'

The six o'clock hour circle, is the meridian at right Six o'd

angles to the meridian of the place. *'<"" "^

An azimuth or vertical circle, is a great circle per- Azimui

pendicular to the horizon, and consequently passing

through the zenith and nadir.

The prime vertical, is a vertical circle passing through Prime

the east and west points ofthe horizon, and consequently ''<=»'•

cutting the meridian of the place at right angles.

The ecliptic is a great circle representing the sun's Eclipti<

annual path, and cutting the equinoctial at an angle of

about 23° 28'. Hence the poles of the ecliptic are

about 23° 28' distant from the corresponding poles of

the world.

The signs are the twelve equal parts into which the Signs

ecliptic is divided, each consisting of 30°. They are

written and named as follows

:

«V Aries. :Ce Libra.

B Tiuirus. VI Scorpio.

D Gemini. / Sagittarius.

as ( .incer. Vy Capricornus

SI Leo. xx Aquarius.

fljl Virgo. K Pisces.
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Tfw cardinal points of tlie ecliptic are the two equi-

nocliul and two s'ltsliliai points.

TJir cqitinoclinl points or equinoxes, are tliosc points

of the ecliptic where it interctpts the equinoctial, viz.

the beginninjj of Aries and die lieginning of Libra

180° distant from each other. The sun enters Aries

about the middle of sprinpj, and Libra about the middle

of autumn ; hence the former is called the vernal, and

the latter the aulumnnl equinox.

The sohiilitd points or solstices, are those points of

the ecliptic that are at the greatest distance from the

equinoctuil, viz. the beginnmg of Cancer and the be-

ginning of Capricorn, also 180° distant from each other.

The sun enters the former about the middle of sum-

mer, and the latter at the mi<ldle of winter ; hence the

one is called the summer, and the other the winter sol-

stice.

The equinoctial colure is a meridian passing through

the equinoctial points.

The snlsiilial colure is a meridian passing through

the solstitial points.

Circles of celestial longitude are great circles per-

pendicular to the ecliptic, and consequently passing

through its poles.

Parallels of declination are small circles parallel to

the equinoctial.

Every point in the celestial sphere between the equi-

noctial and the poles appears to describe a parallel of

declination in 24 hours. When part of this parallel is

above, and part below the horizon, the former is called

the diurnal, and the latter the niclurnal arch.

The tropics of Cancer and Capricorn are parallels of

declination passing, the one through tlie summer sol-

stice 23° 28' to the north, and the other through the

winter solstice 23° 28' to the south of the equinoctial.

They are so called from a Greek word signifying to

turn, because the sun in his annual course appears to

recede from the equinoctial till he reaches the tropics,

atW which he returns towards it.

The arctic and antarctic polar circks are parallels of

declination, 23° 28' from their coiTesponding poles.

Parallels of celestial latitude are small circles parallel

to the ecliptic.

The declination of a heavenly body is its distance

from the equinoctial measured on a meridian ; or it is

the arch of a meridian intercepted between the equi-

noctial, and a parallel of declination passing through

the body. It is called north or south according as it is

to the north or south of the equinoctial.

The declination of a body cannot exceed 90°.

The right ascension of a heavenly body is its distance

from the vernal equinox measured on the equinoctial
;

or it is the arch of the equinoctial intercepted between
the vernal equinox and a meridian passing through the

body, reckoning in the order of the signs.

The latitude of a heavenly body is its distance north

or south from the ecliptic, measured on a circle of lon-

gitude ; or it is the arch of a circle of longitude inter,

cepted between the ecliptic and a parallel of latitude

passing through the body.

2'Ae longitude of a heavenly body is its distance from
the vernal equinox measuretl on the ecliptic ; or it is

the arch of the ecliptic intercepted between the vernal

equinox, and a circle of longitude passing through the

botly.

The altitude of a heavenly botly is its height above
the horizon measured on a vertical circle ; or it is the

arch of a vertical circle intercepted between the horizon

juid the body. The arch of tne same circle between
3

the body and the zenith, is called its zenith distance. Mmthcmati.

The altitude and zenith distance are together equiJ to "*'
fj,*!!*""

90". The former is greatest when the body is on the _ _-
meridian ofthe place, which is then called its meridian Zeniiii di».

altitude, and at equal distances on either side of the tance.

meridian, the altitude is the same.
_ Meridian

The azimuth of a bcxly is its distance from the meri- altitude.

dian of the place measured on the horizon, or it is the ^^^j^u^
arch of the horizon intercepted l)etween the meridian

of the place, and the vertical circle passing through the

boily. It is called eastern or western azimuth, acconl-

ing as the body is on the east or west side of the meri-

dian.

A body is said to rise, culminate, and set when its Risiij?. &c.

centre is in the eastern side of the horizon, the meridian "'^
j ^

of the place, and the western side of the horizon re- ' ^

spectively.

The eastern and western amplitude of a body is the AmpUtude.

arch of the horizon intercepted between the point

where the body rises or sets, and the east or west point

of the horizon.

The zodiac is a zone or circular space of the celestial Zodiac,

sphere, extending about 9° on each side of the ecliptic.

The preceding definitions will be rendered more in- illustration

telligible perhaps, by referring to Plate CCLXV. Fig. 1. of the jire-

where HZRN represents the celestial sphere, -Andhzm «dingde.

the earth, situated in its centre. Then if Z be the ze p^ate
nith of a place z, P and S the north and south poles of ccLXV.
the world, anil C the vernal equinox, H R will be the fig. 1.

hoi-izon, .^Q the equinoctial, EL the ecliptic, and 1"

its pole, PS the equinoctial colure, HZRN the solsti-

tial colure, TL the tropic of Cancer, and ED the tropic

of Capricorn. Also, since the circle HZRN passes

through Z, P and P' the poles of the horizon, equinoc-

tial and ecliptic, it represents a vertical circle, a meri-

dian, and a circle of celestial longitude. If, therefore,

A be a given star, the arch RA will be its altitude, and

ZA its zenith distance to an observer at z, or rather at

the centre of the earth, QA will be its declination, LA
its latitude, CQ its right ascension, and CL its longitude.

In this case, its azimuth is nothing, the star being on

the meridian of the place. It is hardly necessary to

observe, that though CL and CQ, as represented in the

Figure, appear to be straight hnes, they are nevertheless

arches of great circles, the point C being the pole of

the hemisphere HZRN. The same is true of all the

other straight lines passing through the point C.

Having thus explained some of the principal points

and lines, which geographers have imagined to be tra-

ced out on the celestial sphere, we shall briefly men-
tion the different classes and characters of the heavenly Heavcnlj

bodies themselves. These are all comprehended under bodies,

three heads. Fixed Stars, Planets, and Comets.

TheJixed stars are those heavenly bodies, that have Kixed-stars.

always the eame situation relatively to one another,

having no other motion than what they derive from the

apparent diurnal revolution of the celestial sphere from

east to west. In order to distinguish them more easily

from one another, they are divided into classes, accord-

ing to their brilliancy and apparent magnitude, the Magni.
brightest and laigest being denominated stars of the tudcs.

first magnitude, the next largest of the second magni-
tude, and so on to the sixth. Stars less tlian those of

tlie sixth magnitude, are not in general visible by the

naked eye, and are called telescopic stars. Besides this Telescopic

classification, the fixed stars are also divided into gi'oups *'ars'

called CoHitellations, each being named after some ani- constclla-

mal, or other object, to which the stars, in their arrange- tions.

ment, bear a fancied resemblance. There are twelve
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such constellations in the zodiac, and it is from them
that the signs of the ecliptic take their names. The
stars in each constellation are distinguished by the let-

ters of the Greek alphabet, the first letter denoting the

largest star of the constellation, whatever may be its

magnitude. Stars not included in any of the constel-

lations, are called Unjhiined Stars.

The planets, as we have already observed, are bodies

which, besides their diurnal revolution, have also a mo-
tion of their own in a direction contrary to the other.

They are eleven in number, and are found to revolve about

the sun as a centre, in different periods, and at diffe-

rent distances. These eleven are denominated Primary
Planets, to distinguisli them from the Secondary or Sa-
tellites, with which some of them are accompanied, and
to which they serve as centres of revolution. The path

which a planet describes about its centre is called its

Orbit. The primary planets are written anil expressed

as follows

:

5 ?
Mercury Venus.

©
Earth.

$
Mars. Juno. Vesta.

Comets.

Revolution

of the

earth the

cause of the

apparent

revolution

uf the sun
and celes-

tial sphere.

? $ y Tj Iff

Ceres. Pallas. Jupiter. Saturn. Georgium Sidus, Herschel, or Uranus.

For the distances of the planets from the sun, the pe-

riods of their revolutions, magnitudes, &c. see Astho-
NOMY Index.

Comets are luminous bodies, which appear in the hea-

vens only occasionally, and for a limited period, gene-

rally consisting of a nucleus surrounded by a luminous
vapour, sometimes shooting out into a long train or tad.

Comets, besides the diurnal revolution common to all

the heavenly bodies, have also a motion peculiar to

themselves. In some, this motion is in the same direc-

tion with that of the planets, and in others it is in the

contrary direction. See Astronomy and Comets.

Sect. III. Of the Earth, or Terrestrial Sphere.

If all the inequalities of the earth's surface were re-

moved, it would appear to its inhabitants to be a circu-

lar plane, fixed in the centre of the celestial sphere.

There are two deceptions, however, in this appearance.

The earth is not a plane, neither is it at rest. Its true

figure, as we have already shown, is spherical, and it is

continually in motion, revolving both daily on its own
axis, and annually in an orbit round the sun. It must
be obvious, on a moment's reflection, that the apparent
diurnal motion of the heavenly bodies may be produ-
ced, either by the revolution of the celestial spliere from
east to west, or by the rotation of the earth on its axis

from west to east. Of the two explanations of the plie-

nomenon, therefore, we are bound to adopt that which
is liable to fewest objections, and this will be foimd to

be the rotation of the earth. The revolution of the hea-
vens, indeed, presents difficulties both physical and me-
chanical, which it is impossible to remove, while the
other hypothesis is perfectly simple in itself, and in uni-
son with the other phenomena of the universe. The
same observations will apply, with perhaps still more
force, to the annual revolution of the earth round the
sun, which is the true cause of the sun's apparent mo-
tion in the heavens from west to east. The earth,
therefore, is to be ranked among the planets, revolving
about the sun in a year from west to east, having the
ecliptic for its orbit, and accompanied by the moon as a
satellite or secondary planet. But though we have thus
noticed the -real motions of the earth, as the causes of

phy.

sphere.

Plate
C' l.XV.
Fig. 1.

the apparent revolution of the sun and the celestial Mathemi

sphere, we shall not, in the remaining part of the pre- "^"^ ^.^°i

sent article, always confine ourselves to this view of the

subject. In the solution of geographical problems, it is

often much simpler to consider the apparent revolution

of the celestial sphere, and the motion of the sun in the

ecliptic, as real, than as produced by the combined mo-
tions of the earth, while the solution is the same in both

cases. We shall not liesitate, therefore, to assume the

first of these, whenever by doing so we can render the

subject more intelligible or concise.

It is obvious from Plate CCLXV. Fig. 1 . that the Circles of

planes of all great circles of the celestial sphere form, *^ '^"^s

by their intersections with the surface of the earth, cor-
'"

responding great circles on the latter. Thus h r, z n,

ps, ce q, &.C. on the earth, correspond to HR, ZN, PS,
JEQ, &.C. in the heavens. This transference of the cir-

cles from one sphere to the other, may be still more
clearly understood, by conceiving the celestial sphere
uniformly contracted in its dimensions, without any
change in the relative position of its parts, till it be
just sufficient to cover the terrestrial sphere. By this

method, tlie small as well as the great circles ofthe hea-

vens may be transferred to the same positions on the

earth ; tlius TL would coincide with 1 1, and ED with
ed.

The points p and s on the earth, immediately under Poles.

the poles of the world, are called the north and south

poles of' the earth ; aq the equator or equinoctial ; hr or ^-l""'"'-

HR the rational horizon, to distinguish it from H'R', Rational

the limit of an observer's vision at z, and which is called horizon.

the sensible horizon ; ps and hzrn meridians, or circles Sensible

ft/' longitude ; and 1 1, ec, parallels of latitude. In gene- horizon.

ral, all parallels of declination on the celestial sphere Meridians.

become parallels of latitude on the earth, retaining how- „ „ ,

.L • • 1- - I 1 TU «u ..
Parallels

ever their proper or individual names. Ihus the tro-
latitude,

pic of Cancer in the celestial sphere, is a parallel of de-

clination 23" 28" to the north of the equinoctial, and on
the earth it is a parallel of latitude at the same distance

from the equator.

Besides the terms already defined in the account of

the celestial sphere, there are others peculiar to the

earth, which require to be explained.

Thefirst meridian of any country, in modem systems First meri

of geography, is the meridian passing through the ca- ^^^'

pital of that country, from which the position of other

meridians is determined. The ancients chose for their

first meridian that of the Fortunate Isles, which they

conceived to be the limit of the habitable world. In

later times, the meridian passing through Ferro, one of

the Canary Islands, and nearly the same with that of

the ancients, was used as the first meridian by geogra-

phers of many countries ; but now every nation ge-

nerally reckons from the meridian of its own metropolis.

The lonaitude of any place on the earth is its dis- Tcrrestria

tance from the first meridian, measured on the equator; longitude,

or it is the arch of the equator intercepted between the

first meridian and the meridian of the place. It is cal-

led east or nest longitude, according as the place lies

to the east or west of the first meridian. Longitude on

the earth corresponds, not to longitude, but to right

ascension, on the celestial sphere. As tlie longitude of

places on the earth is reckoned in two directions, it

never can exceed 180°, whereas the right ascension of a

heavenly body may be any thing betweeen and 360°,

being always reckoned in one direction only, viz. in the

order of the signs.

The dijference of longitude between two jilaces, is the Din^"^"

distance between them measured on the equator ; or it is °u^"
the arch ofthe equator intercepted between the meridians
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As the sun in his apparent diurnal revolution round
the earth moves over ,')60° in 2t hours, or 15" in one
hour, he is on the meridian of any given place, or it is

noon at that place one hour sooner than at any other

place 15° fartner west. Hence longitude, and diffe-

rence of longitude, may be expressed in time, allow-

ing 15° to one hour, or 1* to four minutes. As the de-

gree and hour are similarly subdivided, any number of

degrees, minutes, and seconds, divided by 15, will give

the corresponding number of hours, minutes, and se-

conds ; and, on the contrary, hours, minutes, and se-

conds of time, multiplied by 15, give the correspond-

ing number of degrees, minutes, and seconds.

The latitude of a place on the earth is its distance

from the equator measured on a meridian, or it is the

arch of a meridian interceptetl between the equator, and
a parallel of latitude passing through the place. It is

called ttorth or so^tlh latitude, according as the place

lies to the north or south of the equator. The distance

of the place from the nearest pole measured on the me-
ridian IS called the co-latitude of the place, or tlie com-
plement of the latitude. I^atitude on the earth, corre-

sponds to declination on the celestial sphere.

The difference of latitude between two places, is the

distance between them measured on a meridian ; or

it is the arch of a meridian intercepted between the pa-

rallels of latitude passing through the places. If they

lie on opposite sides of the equator, the sum of their

latitudes gives their difference of latitude.

A zone is any portion of the earth's surface, included

between two parallels of latitude. There are, how-
ever, usually reckoned five zones ; the Torrid, the two
Temperate, and the tvio Frigid.

The torrid zone is the space included between the two
tropics; the temperate zones extend from the tropics to

the polar circles ; and the frigid from the polar circles to

the poles. To explain this division of the globe mathe-
matically, we may observe, that whatever be the po-
sition of the sun, he always illuminates one half of tlie

terrestrial sphere at once, and that the great circle

which separates the light from the dark hemisphere,
and which is called the circle of illumiiialioH, has for its

pole that point on the surface of the earth, to which the

sun is vertical. Now, as the sun appears to be always
in some point or other of the ecliptic, moving over EL,
(Fig. 1.), between the middle of winter and the middle
of summer, and from L to E on the opposite side of
the sphere in the next half year, the phenomenon is

precisely the same as if he vibrated along the arch DL,
viz. from D to L during the first of these periods, and
from L to D during the next ; the earth, in the mean
time, revolving daily on its axis. When the sun is at

Q, he is vertical to q ; that is, the circle of illumina-

tion corresponds witn a meridian p s ; and every point
of the earth's surface is successively 12 hours above and
12 hours below that circle. When the sun advances 1"

towards L, he becomes vertical to a point 1° to the
north of q, or the circle of illumination falls 1° below

p towards ;/, and rises 1" above * towards r ; that is,

while tlie sun's declination is 1° north, the circular

space about the north pole to the distance of 1 " from
it, never sinks below the circle of illumination, and a
similar space around the south pole never rises above it.

As the sun approaches L, a greater space about P conti-

nues to be permanently within the circle of illumination,

and a corresponding space about « to be permanently

without it. When the sun reaches L,or is vertical to /, the

circle of illunn'nntion falls 23" 28' l)eIow P, and rises as

far above s, anil may lie represented by p'fr ; that is, on
the day of the summer solstice, the whole ofthe north fri-

gid zone is within the circle of illumination, and the
whole of the south frigid zone is without it for 24 hours.

From this period the sun again returns towards the
south, when the circle of illumination also begins to

move backwards, till at the autumnal equinox, three
months after the summer solstice, it again occupies tho
position p s, so that for six months the north pole is

above, and the south pole is below the circle of illu-

mination. The sun still continuing his motion south-
ward, reaches D by the middle of winter, when the
circle of illumination occupies the position bj] and the
circumstances of the frigid zones are just reversed.

Hence, to every place within the torrid zone, the sun
is vertical twice a year, which it never is to any other
part of the earth. In the temperate zones, no place is

either above or below the circle of illumination for 2i
hours together. And in the frigid zones, a place may
be in the dark or light hemisphere for any period, be-

tween 24 hours and si.\ months. The zones might also

be distinguished from each other physically, by the dif-

ference in the intensity of the sun's rays, as indicated

in the difference of mean temperature in different lati-

tudes. But for the investigation of this subject, we re-

fer to Physical Geography.
A climate is also a portion of the earth's surface, in-

cludetl between two parallels of latitude, and of such a
breadth, that the longest day under the parallel nearest

the pole, is half an nour longer than under the other.

There are twenty-four such climates between the equa-
tor and either of the polar circles. Between the polar

circle and the pole, there are six climates of such a
breadth, that the longest day under the two parallels

varies by a month. There are thus thirty climates in

all on each side of the equator.

The principle that has already been employed, in ex-
plaining the division of the earth into zones, may serve

also to illustrate the nature of climates. When the sun
is vertical to Q, (Fig. 2.), the circle of illumination co-

inciding with the meridian NS, divides the equator
MQ, and every parallel of latitude into two equal parts,

or the day and night are equal all over the globe. When
the sun passes to either side of Q, as northward to-

wards L, the equator is still divieled into two equal
parts by the circle of illumination, as it must always
be by a great circle ; but the parallels of latitude are

divided unequally, the greater arch of the northern
parallels being above, and of the southern below, the
circle of illumination ; that is, the day and night are
still equal at the equator, but in northern latitudes the
day is longer than the night, and in southern the night
is longer than the day. This inequality continues to

increase in all latitudes, as the sun approaches L ; and
of two given parallels, as erf, e ^ at any time, the ine-

quality is greatest <it that which is nearest the pole.

Wiien tlie sun reaches L, or at the summer solstice,

the day is longest in all northern, and shortest in all

southern, latitudes. At the polar circle it is 24 hours,

the whole of the parallel a h being above the circle of
illumination. At the parallel cd, the day is to the
night as twice jarf to twice pc, or as pd to pc; at eh
it IS as ^L to qe, &c.; and at the equator they are equal.

It is obvious, therefore, that between the equator and
the polar circle, the length of the longest day varies

from 12 to 24 hours, antl that consequently 24 parallels

may be found at such distances from each other, that

Mathemati-
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divided into
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Plate
CCLXV.
Fig. 2.
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Mathematl- the longest day under the one, shall exceed that under
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jj^g other, by half an hour. With regard to places

— ? '-' within the polar circle, it is evident_,that the parallel

' ~ wliich comes to be wholly above the circle of illumina-

tion, half a month before the sun reaches the summer
solstice L, or two months and a half after he passes Q,
will continue to be a month above the circle, viz. half

a month before tlie sun reaches L, and half a month
till he returns to the same position. In like manner,

the parallel that begins to be wholly illuminated one

month before the sun reaches the solstice, or two months
after the vernal equinox, will continue to be so for two
months, and so of others. As the pole rises above the

Circle of illumination at the equinox, or three menths

before the solstice, it continues, as was formerly ob-

served, to be illuminated for six months. Hence, be-

tween the polar circles and the poles, six parallels may
be found such, that the longest day under the one, shall

be a month longer than under the other. The same
reasoning will apply to the southern hemisphere du-

ring the sun's progress from Q to h; and, in general, it

is to be observed, that at any time, the length of the

day, at a given latitude in one hemisphere, is always

equal to the night, at the same latitude in the opposite

hemisphere. The climates, as above defined, are con-

tained in the following Table, where the first column
shews the number of the climate, the second the length

of the day under the highest parallel, or that nearest

the pole, the third the latitude of that parallel, and
the fourth the breadth of the climate.

Table of

•Jlimates.

Table of Climates.

Between
the Longest Day Latitude Breadth

Equator under the of the of the

and highest Parallel. highest Parallel. Climate.

Polar Circle.

Hours. Min. Deg. Min. Deg. INIin.

1 12 30 8 34. 8 34

2 13 16 43 8 9
c» 13 30 24 10 7 27
4. 14. 30 46 6 36

5 14. 30 36 28 5 42
6 15 41 21 4. 53

7 15 30 45 29 4 8

8 16 48 59 3 30

9 16 30 51 57 2 58
10 17 54 28 2 SI

n 17 30 56 36 2 8

12 18 58 25 1 49
13 18 30 59 57 1 32

14. 19 61 16 1 19
15 19 30 62 24 1 8

16 20 63 20 56

17 20 30 64 8 48

18 21 61. 48 40

19 21 30 65 20 32
20 22 65 4,6 26
21 22 30 66 6 20
22 23 66 £0 14
23 23 30

24.

66 28 8

2t 66 32 4

Between
the Longest Day Latitude Breadth

Polar C irclc under the of the of the

and the highest Parallel. highest Parallel. Climate.

Pole.

Months. Deg. Min. Deg. Min.

1 1 67 23 51

2 2 69 50 2 27
3 3 73 39 3 49
4 4 78 31 4 52

5 5 84. 5 5 34
6 6 90 5 55

Mathen
cal Geqj
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Besides dividing the earth into different climates, the Otlier d

ancients also employed certain terms to distinguish the visions

inhabitants of particular countries, which it may be "'"^

usefid to notice. Those who live under the same me-
ridian and parallel of latitude, but on opposite sides of

the equator, were called relatively to one another An- AntKcii

twcii, from uvrt, opposite to ; and cixix, a habitation.

I'hey liave always the same hour of the day, but oppo-

site seasons of the year. Those who live on the same
side of the equator, and under the same parallel of la-

titude, but differ 1 80° in longitude, were called Peri- PerUeci

wcii, from irt^i, about ; and oikj«, a habitation. They
have always the same seasons, but opposite hours of

the day. The inhabitants of places under the same pa-

rallel of latitude, but on opposite sides of the equator,

and differing in longitude 180°, were called the Anti- Antijio

podes of each other, from a»T(, opposite to, and Tras,

the foot. They have always opposite hours of the day,

as well as contrary seasons of the year. The inhabi-.

tants of the different zones were also distinguished ac-

cording to the projection of their shadows. Thus the

inhabitants of the torrid zone were called Amphiscii, Amphi
j

from dfiipi, around ; and irx.M, a shadow ; because their H

shadow is projected sometimes towards the north, and
at other times towards the south; or ^fci;', from x, with-

Old ; and o-xia ; because they sometimes have no sha

dow. The inhabitants of the temperate zones were
called Heteroscii, from Its^o?, different, and m» ; be-

cause their sliadows are always projected in opposite

directions, or towards the poles. And the inhabitants

of the frigid zones were named Periscii, from jrtj;, Perisci

abojit, and a-xicc ; because during their longest day, their

shadows describe a circle round them.

As the celestial sphere, in its apparent revolution, Differe

may present itself under three different aspects, ac- positio

cording to the situation of the observer, it becomes ne-
•*''''>«

cessary to distinguish them by particular names. Ac- ''
"*

cordingly, to an observer at the equator, the celestial

sphere is said to be riglit, because the equinoctial and Riglit.

parallels of declination, or circles described by the hea-

venly bodies, are at right angles to the horizon, and di-

vided by it into two equal parts. To an observer be-

tween the equator and the pole, the sphere is oblique, Obliqvi

because the equinoctial and parallels of declination are

inclined to the horizon, so that all heavenly bodies not
|

in the equator, are above and below the horizon dur-
!

ing unequal periods. And from the pole the sphere ap
pears parallel, the equinoctial coinciding with the ho.

rizon, and the heavenly bodies revolving in circles pa-

rallel to it.

In the view that we have hitherto taken of the earth, Dlmi

we have considered it merely as a spherical body, with- of the

out any regard to its actual magnitude and dimensions. **™'

All the phenomena, indeed, which we have yet no-

ticed, depend entirely on the figure and situation of the

ParaJl.

i
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earth ; and therefore, in the explanation of these phe-

nomena, it is not necessary to take the volume of the

globe into the account. In practical geography, how-

ever, it is frequently an important question to express

the distance between different points on the surface of

the earth, in terras of some known measure, as miles,

yards, feet, &c. ; and as these distances cannot always

be subjected to actual measurement, it becomes neces-

sary to determine the dimensions of the globe itself.

Various attempts have accordingly been made by astro-

nomers to solve this problem, though it is only from

the perfection of modern instruments, that they have

been able to accomplish it with any degree of accuracy.

If the earth were perfectly spherical, it is obvious that,

to determine its circumference, nothing more would be

necessary, than to find the length of a degree of the ter-

restrial meridian, that is, the distance between two

places lying under the same meridian, but differing 1°

m latitude, and multiply that distance by 3()i). It was

iipon this principle that Eratosthenes, computing the

difference of latitude between Alexandria and Syene to

be 7° 8' i5", and estimating the distance between them

at 5000 stadia, determined the circumference of the

earth to be about 252,000 stadia. This estimate is va-

luable, as being the result of the first attempt to ascer-

tain the dimensions of the globe on correct principles.

In point of accuracy, however, as might be expected,

it is very deficient. Independent of the uncertainty

with regard to the length of the stadium which Era-

tosthenes employed, he committed a considerable error

in supposing Alexandria and Syene to be under the

same meridian, and his calculation was also affected by
an irregularity of which he was not perhaps aware. It

has been found, from actual measurement, that the de-

grees of a meridian on *he earth increase in length from

the equator towards the poles ; that is, if two points be

taken in a terrestrial meridian, at such a distance from

each other that perpendiculars at these points, or lines

in the direction of gravity, when produced to the heavens,

include between them 1° of a celestial meridian ; and

if other two points be taken on the same meridian, but

nearer the pole, such that perpendiculars from them al-

so include between them 1° of the celestial meridian,

then it is found, that the distance between the two first

points, measured on.the surface of the earth, is less than

the distance between the two last. This difference, in-

deed, is the necessary consequence of the spheroidal

figure of the earth, which we formerly mentioned ; and
though, in geographical problems in general, the irregu-

larity may be safely neglected, yet it is of importance

to take it into account, in determining the dimensions

of the earth. At the equator, a degree of latitude has

been found to measure 60480.247 fathoms ; at the pa-

rallel of 45', 6075<).473 ; and in latitude 66° 20' 10",

60952.374. Taking the second of these as nearly a
mean for all latitudes, and multiplying by 360, we
have for the whole circumference of the meridian

21 87341 0.28 fathoms, or 24856.148 English miles. The
circumference of tlie equator is found to be 24896.16"

miles, or 40 miles greater than that of the meridian.

As all the meridians on the globe intersect one ano-
ther in the poles, the distance between any two of them
dirtiinishes as the latitude increases. In many cases, it is

of importance to know the law of this diminution, that is

to determine tlie length of a degree oflongitude on any
parallel of latitude, the degree on the equator being gi-

ven. Ill order to solve this problem with the greatest

possible accuracy, it is necessary to make allowance's for

the spheroidal figure of the earth, or the difference in

phy.

the length of degrees of latitiide at different distances Mttheihatl-

from the equator. But as there are inegularities in Ccogt*.

these <lifferences, that have led to doubt whether the

earth be a regular ,-plieroid, and as for ordinary purpo-

ses it is not necessary to aim at a degree of accuracy,

which is after all perhaps a mere waste of calculation,

we shall suppose the eaith to be a sphere, and on this

principle exhibit in a Table the diminution of the de-

grees of longitude for every degree of latitude. In such

tables, it is usual to express the degree of the ecjuator

in terms of English miles ; but as the length of this de-

gree is estimated differently by different writers, we
shall, in the following Table, assume it equal to unity,

and exhibit the corresponding ardies of the parallels in

decimal fractions.

Table of the Diminution of a Degree of Longitudefor

evenj Degree of Latitude, that of the Equator being

reckoned Unity.

Latitude.
Degiee of

Longitude
Latitude.

Degree of

Longitude.
Latitude.

Degree of

Longitude.

1 .99985 31 .85717 61 .48481

2 .99939 32 .84805 62 .46947

3 .99863 33 .83867 63 .45399

4 ..99756 34 .82904 64 .43837
1

5 .99619 35 .81915 65 .42262

6 .99452 36 .80902 66 .40674

7 .99255 37 .79864 67 .39073

8 .99027 38 .78801 68 .37461

9 .98769 39 .77715 69 .35837

10 .98481 40 .76604 70 .34202

11 .98163 41 .75471 71 .32557

12 .97815 42 .74314 72 .30902

13 .97436 43 .73135 73 .29237

14 .97030 44 .71934 74 .27564

15 .96593 45 •70711 75 . .25882

16 .96126 46 .69466 76 .24192

17 .95630 47 .68200 77 .22495

18 .95106 48 .66913 78 .20791

19 .94552 *9 .65606 79 .19081

20 •93970 50 .64279 80 .17365

21 .93358 51 .62932 81 .15643

22 .92718 52 .61566 82 .13917

23 .92050 53 .60181 83 .12187

24 91355 54 .58779 84 .10453

25 .90631 55 .57358 85 .08716

26 .89879 56 .55919 86 .06976

27 .89101 57 .54464 87 .05234

28 .88295 58 5299^ 88 .03490

29 .87462 59 .51504 89 .01745

30 .86603 60 .50000 90 .00000

Table of

the Dimi-
nution of

the Ucgreca

of Longi-

tude.

Since the circumferences of circles are to one another consu^uc-

as their radii, if the radius of the equator be taken to tion of the

express a degree of the equator, a degree of any paral- preceding

lel will be expressed by the radius of that parallel. ^^^'^

But the radius e D (^Fig. 2.) of any parallel e L, is the

sine of e N the colatitude, or the cosine of M e, the la-

titude of that parallel to the radius jEC. Hence to

construct the above Table, we have only to take the na-

tural cosines of the different parallels to radius 1, or the

natural numbers corresponding to the logarithmic co-

sines, removing the decimal point ten places toward.s

the left hand in each. Thus, let it be required to
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Mathemati. find a degree of longitude on the parallel of 23°. The
cal Go^a- natural cosine of 25° is 90,631 to radius 100,000, and

P^y- making radius 1, the cosine becomes .90631, the length
^"^'"""^

of the degree required. Thus also the logarithmic co-

sine of 25*" = 9.957276, and the number corresponding

to this logarithm is 9,063,100,000, which is the length

of the degree required, tliat of the equator bemg

10,000,000,000, or radius of the trigonometrical table.

But as it would be inconvenient to operate with these

numbers, they may both be divided by 10,000,000,000,

or the decimal point may be removed ten places to the

left hand in each, which will give 1 for the degree of

the equator, and .90631, as in the preceding Table, for

that of the parallel of 25°. This number may also be

found at once from the logarithmic Tables, by subtract-

ing 10 from the cosine, and finding the natural number

corresponding to the remaining logarithm. Thus the

cosine of 25° becomes 7.957276, and the number cor-

responding in the Table of logarithms is .90631.

The application of the above Table for finding the

length of a degree of longitude under any parallel, con-

sists in simply multiplying the fraction opposite to the

given latitude, by the length of a degree ofthe equator.

Thus, to find the length of a degree on the parallel of

25°, that of the equator being 60 geographic miles, mul-

tiply .90,631 by 60, and the product 54.3786, or 54.38

nearly, gives the degree required in geographic miles.

If the earth be considered as spherical, a degree of the

equator may be assumed equal to the degree of the me-

ridian bisected by the parallel of 45<', or 60759.473 fa-

thoms, which gives for the geographical mile 6075.947

feet

Method of Before concluding this account of the dimensions of
finding the jjjg globe, it may perhaps be of use to some of our rea-
aiea of a

(jgrs, to point out a simple and expeditious method, of
Biven zone ^ t J" n ^ ^ j. c • c
of the findmg the superficial contents ot any given zone ot

earthw the earth. By geometry, the superficies of a sphere, is

equal to the product of the circumference, multiplied

by the diameter, and that of a zone to the product of

the circumference multiplied by that part of the dia-

meter, intercepted between the planes of the two paral-

lels containing the zone ; that is, the area of the zone
is to the area of the whole sphere, as the perpendicular

distance of the two parallels of the zone is to the dia-

meter. But the distance BD(Fig. 2.) between any
two parallels fg, e L, is the difference of the sines ofJEe
and JEf, the latitudes of e and/"; therefore the area of

the zoneye L g : area of the globe : : sin. JEe— sin. jE/'

sin. iEe— sin. JE f ,. -.. ,—
: radius. If, therefore.

contained between the parallels of 56° and 57", tliat of ^Utlle»

the globe being 1. .
'^

^;;^

Finl, by a Table of natural sines. Wv-.
sin. 57° = 83867 ^
sin. 56. = 82904

diameter :

963

963
and— = 481.5 is the area required, the radius of the

2

Table being 100,000, and removing the decimal point

five places towards the left, the radius becomes 1, and

the area of the zone .004815.

Secondly, by a Table of logarithmic slnes^

sin. 570 (subtracting 10 from index) = ^923591

sin. 56 = 1.918574

The natural numbers corresponding to these loga«

rithms are,

.83867

.82904

Difference .00963

and '———= .004815 is the area required.
2

Upon this principle, the following Table is construct- Table (

ed, exhibiting the area of every zone of 1° from the ^°"'^'

equator to the pole, that of the globe being unity.

the radius of the sphere be taken to express the whole
area ; half the difference of the natural sines, or of the
natural numbers corresponding to the logarithmic sines

of any two latitudes, will express the area of the zone
included between these latifudes, the radius of the
sphere being equal to the radius of the respective Ta-
bles. If the radius be reduced to unity, the area ofthe
zone will be a decimal fraction. In tlie common loga-
rithmic Tables, this is done by removing the decimal
point ten places towards the left hand, or the fraction
may be found at once, thus : From the trigonometrical
tables, take the sines of the latitudes, subtract ten from
the index of each, and find the numbers corresponding
to the remaining logarithms ; half the difference of
these numbers will express the area of the zone, that of
the sphere itself being unity.

Example. It is required to find the area of the zone

Latitude. Area. Latitude. Area. Latitude. Area.

0°to 1° 008725 30°to31° 007520 60° to 61° .004295

1— 2 008725 31 —32 007440 61— 62 .004165

2—3 .008720 32 —33 007360 62— 63 .004030

3—4 .008710 33 —34 007275 63— 64 .003890
4—5 .008700 34 —35 007195 64— 65 .003760

5—6 .008685 35 —36 007105 65— GG .003620

6—7 .008670 S6 —37 007010 66—67 .003475

7— 8 .008650 37 —38 .006925 67— 68 .003340

8— 9 .008630 38 —39 .006830 68— 69 .003200

9—10 .008610 39 —40 .006735 69— 70 .003055

10—11 .008580 40 —41 .006635 70— 71 .002915

11 —12 .008550 41 —42 .006535 71—72 .002770
12—13 .008520 42 —43 .006435 72— 73 .002620

13—14 .008485 13 —44 .006330 73— 74 .002480

14—15 .008450 14 —15 .006225 74—75 .002335

15—16 .008410 45 —46 .006115 75—76 .002185

16—17 .008365 46 —47 .006005 76—77 .002035

17—18 .008325 47 —18 .005895 77— 78 .0018.90

18—19 .008275 48 —49 .005785 78—79 .001740

19—20 .008225 49 —50 .005665 79—80 .001590

20 —21 .008175 50 —51 .005555 80— 81 .001440

21 —22 .008120 51 —52 .0054.30 81— 82 .001290

22 —23 .008060 52 —53 .005315 82— 83 .001140

23—24 .008005 53 —54 .005190 83— 84 .000985

24—25 .0079*0 54 —55 .005065 84— 85 .000835

25—26 .007875 55 —oQ .004945 85— 86 .000685

26 —27 .007810 56 —57 .004815 86— 87 .000535

27—28 .007740 57 —58 .004690 87— 88 .000380

28 —29 .007670 58 —59 .00456088— 89 .000230

29 —SO .007595 59 —60 .00443089— 90 .000075

\

tlian I

To find from the preceding Table the area of a zone. Are*

less than 1° in breadth, take a proportional part of the ^^""^

zone of 1° of which the other forms a part. Thus to
' '""

find the area of a zone between 43° and 43° 35', take

from the Table the area of the zone between 4S° and
44°, wliich is ,00633 and say 60' : 35' : : .00633 ; area

4

!
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I'M of any

jrtD coun-

reqiiired nearly =
gjj X .00633=.0OS6925. The true

area, ns found from the Tiible of sines, is .00370,5.

To find the area of n segment of a zone, terminated at

both extremities by meridians ; multiply the area of

the whole zone, by tlie length of tlie segment, and di-

vide by S60. Thus, to find the area of a segment of

the zone between I."" and 43° 35', terminated by two
meridians 6"^ 20' distant from one another, multiply

.0036925 by 6" 20', and divide by 360, that is the area
6*20' 380

of the segment=^^ or —— X .0036925= .000065.

To find the area of any partindar country or district,

divide the country into segments of zones, by parallels

of latitude, and find the area of each segment separate-

ly; the sum of these areas will be the area required.

In some cases, this operation may be considerably

abbreviated without affecting, in any great degree, the

accuracy of the result. Let it be required, for exam-
ple, to find the area of Portugal. Instead of dividing

the wliole surface into segments of zones of different

lengtlis, according to the difference in the extent of the

countrj' from west to east, we may suppose the ivhole

to consist of one segment, of a uniform length and
breadth, viz. between 3~° and 42° nortJi latitude, and
between 7" and 9' west longitude. I?y this arrange-

ment, indeed, the eastern boundary cuts off a part of

Tralos Montes and Beira, and the western a part of

Estrcmadura ; but, in lieti of these, the former includes

a portion of Andalusia in Spain, and the latter a part

of the Atlantic ocean. Supposing, therefore, these ex-

changes to be nearly equivalent, the area may be found
thus :—

.

Take the sum of the areas of the zones between 37°

and 420, which is .03366, multiply by 2 the length of
the segment, and divide by 360, that is.

Area = 3-1 X.03366=:^ =.000187.

Taking the circumference of the globe at 24856.148
English miles, the radius is 7911-964, or, making the

circumference 21600 geographical miles, the radius be-
comes 6875.499. By the former the area of the globe
is 196660948 English square miles, and by the latter

148510778.4 geographical square miles. The area ofa
zone is found by multiplying these numbers by the frac-

tional valueofthe zone, 'fhus the zone included between
theparallelsof56°and57°isequaltol96660948 X .004815
=946922.46 English square miles, or 148510778.4 X
.004815=71 5079.39 geographical square miles. Thus
also the area of Portugal is equal to 196660948 x
.0001 87=36775.6 English square miles, or 148510778.4

X.000187=27771.5 geographical square miles.

There is another problem connected with the figure

and dimensions of the earth, which, though properly
belonging to trigonometry, may, from its application to

the present subject, and the facility with which it can
be solved, be properly introduced here, viz. to find the
most distant point of the globe visible to the eye at any
elevation ; or to determine the extent of the visible ho-
rizon from any given point.

Let ABG (Fig. 3.) represent the circumference of
the globe, and GB a diameter produced to E a given
elevation above B, it is required to find the most dis-

tant point visible to the eye at E, supposing the emi-
nence BE to be in a level country, or on the sea coast.

Through E draw EF a tangent to ABG in D, then
D is the limit of the horizon as seen from E ; the arch
BD is the measure of the distance required in degrees,

VOL. X. PART I.

phy.

minutes, or seconds, and DE the tangent of that arch Madiemati-

to the radius CB or CD. But in very small arches, as "^ Gtogra-

BD must always be, even though E were the summit of
the highest mountain on the globe, the tangent hardly
difters from the arch itself; therefore ED may, with-
out any sensible error, be considered as the distance re-

quired. Now ED' = GE.BE (see Geometry) = (since

BE is very small compared to GB) GB.BE nearly, and
therefore ED= y'GRBE. Hence, if rf represent the
diameter of the globe in English miles, /' the given

height of the eye in feet, that is—— the lieight in

mileSj and d' the distance required in miles, we have

=y d X / =y. Xf- If the diameter of
5280 ' 5280

the globe be assumed = 7912 English miles, the for-

mula becomes

•=y7912

52^0
X /= v'1.49,84, X/= 1.224126 X V/-

In every case, therefore, the square root of the height
in feet multiplied by 1.224126 will give the radius of
the visible horizon in English miles, supposing the ray
of light to come from the verge of the horizon to the
eye m a straight line, viz. in the direction of the tangent
DE. This, however, is not exactly the case, the ray
by the refractive power of the atmosphere, being bent
downwards, so as to meet BE at a point below E; that
is the point D is visible to the eye at an elevation less

than BE. From E therefore, the horizon extends to a
greater distance than D, and consequently the value of
d', as found by the preceding formula, is too little by a
quantity corresponding to the refraction, and which is

found to vary from ^ to Va^ of the whole distance, ac-
cording to the state of the atmosphere with regard to
weight and humidity. In a medium state, the refrac-
tion is about Vt> Of 0714, which may therefore be con-
sidered as a near approximation to the truth in all or-
dinary cases. With this correction the preceding formula
becomes rf' = 1.224126 X 1.0714 x Vf= 1-3115 v'/;
and reduced to the form of a rule, it may be stated
thus : Multiply the square root of Ike height of the eye,

infect, Iw 1.3il5, and the quotient will be the radius of
the visiljle horizon in English miles.

Example 1 . Required the distance or radius of the
visible horizon to the eye, situated six feet above the
surface of the sea.

Hererf'= 1.3115.^6 = 1.3115 X 2.449=3.2118
English miles, the distance required.
Example 2. At what distance may a mountain 21440

feet in height be seen, the eye being on the surface of
the sea.

In this case d' = 1.3115^/21440 = 1.3115 X 146.42
= 192 English miles. Hence the summit of Chimbo-
razo, the highest of the Andes, ought to be seen at a
distance of 192 miles, if its height be as it is stated
21,440 feet.

CHAP. II.

Of the Globes.

Sect. L Construction of the Globes.

As soon as geographers had discovered the spherical
figure and diurnal revolution of the earth, they would
naturally be led to a very simple method, ofrepresenting
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its motion and various positions, by means of an artifi-

cial sphere. We find, accordingly, tliat from a very

early period, the globe, with certain modifications, has

been made use of for this purjiose, and notwithstanding

all the discoveries and improvements in the astronomi-

cal apiiaratus of modern times, it still continues to af-

ford the simplest, and at die same time a correct illus-

tration, of the principles of mathematical geography.

We liave already seen in wliat way, and to what extent,

the earth fliffers in figure from a true sphere, and how
imperceptibly small the irregularities of its surfa|:e be-

come, when represented on a sphere six or seven feet

in diameter. If the sphere be reduced to one-third of

this, which is more nearly the size of ordinary globes,

these irregularities will totally disappear, and the diffe-

rence between the polar and equatorial diameters, or

between the meridian and equator, be itself inappreci-

able. The earth therefore, with all its inequalities,

can alone be represented by a sphere ; and the only re-

maining question is, liow can the instrument be accu-

rately constructed, and most extensively applied ?

In constructing an artificial sphere or globe, the first

operation is to prqiare a spherical body of wood, metal,

ivory, or such other substance as may be found most

convenient. The materials commonly employed, and

perhaps upon the whole best adapted for this purpose,

are paper and plaster, prepared and combined by the

following process : On a spherical block or mould of

wood, somewhat less than the size of the intended

globe, are laid successive coverings of paper or paste-

board, attached to one another by glue or paste, till

the whole is about the thickness of Vo ^h or ^'j ths of an

inch. When completely dry, this covering is cut into

two hemisjjheres, by which it is separated from the

mould ; and the hemispheres being again placed on

a wooden axis, previously prepared for the polar

diameter of the globe, they are stitched together in the

same position, as when attached to the block or mould.

In the extremities of the wooden axis, are fixed pins of

iron or other metal, which represent the poles, and by
which the globe is suspended in a metallic semicircle,

whose diameter is exactly equal to that of the intended

globe. In this state, a composition of whiting and glue

IS applied to the surface of the paper, the globe in the

mean time being made to revolve, so that the interior

edge of the semicircle, which is prepared for the pur-

pose, pares off the superfluous plaster from the pro-

jecting parts of the surface. The whole being thus

made perfectly smooth and spherical, and at the same
time equally balanced on its axis, so as to remain in

any position in which it may be placed while suspend-
ed by the poles, it is set aside to dry and harden,

when it is ready to receive the various circles which
geographers have imagined to be described on the sur-

face of the earth, and which we have already explained,

viz. the equator, ecliptic, meridians, the tropics, polar
circles, and other parallels of latitude. These circles

being described by some ofthe methods afterwards to be
explained, the various parts of the surface of the earth
are then delineated, according to their actual situation,

the position of every place being determined by the in-

tersection of its meridian and parallel of latitude. The
iron pins in the extremities of the axis, formerly used
for fixing the globe in the metallic semicircle, for the
purpose of applying the plaster, are now employed
to suspend it in a brass circle, of such a diameter
that the globe may revolve easily without coming in
contact with any part of its interior edge. This ring is

called the universal meridian, because by the revolution

of the globe, it may be made to represent the meridian

of any place. The frame in which tlie globe is placed

is variously constructed, according to tlie taste and
fancy of the workman ; but its top or upper part al-

ways consists of a broad horizontal circle of wood or

metal WNES, (Fig- 4-) of which the interior diameter

WE is equal to the interior diameter of the brazen me-
ridian. The latter, with the globe suspended in it,

passes through notclies at N and S, and rests by its

under edge in a groove in which it may be made to

slide, so as to elevate or depress the pole at pleasure.

In every position, however, ona half of the globe is

above, and another below the surface of WNES, which
is therefore taken to represent the rational horizon. On
the surface of this horizontal rim are described several

concentric circles, variously divided, according to the

purposes which they are intended to serve. The lar-

gest, or that towards the outer edge, is named the ca-

lendar, being divided into 36.5 parts, representing the

days of the year, classed under their respective months.
The next represents the ecliptic divided into signs and
degrees, and so arranged that each point of the ecliptic

stands opposite to the day on which the sun is at that

point. The names or characters of the different signs

are placed at the beginning, or opposite the middle of

each. The innermost circle represents the horizon di-

vided into quadrants, two of these being reckoned from
W the west point, and the other two from E the east

point, towards N and S, the north and south points.

This circle, or rather another concentric with it, but
larger, is divided into 32 equal parts, representing the
points or rhumbs of the mariner's compass. The side

of the brazen meridian facing the west is divided into

degrees, or if the size of the circle will admit into

degrees and minutes, reckoning from the equator to-

wards both poles on two quadrants, and from the poles

toM-ards the equator on the other two, each quadrant
being numbered from 1 to 90. The circle represent-

ing the equator is also divided into degrees in two di-

rections, on each side of the first meridian, which, on
British globes, is that of Greenwich. The 15th, 30th,

45th, &c. degrees towards the west are marked I, II.

III. &c. to facilitate the conversion of longitude, and
difference of longitude into time, and the contrary. The
ecliptic, which is generally made to intersect the equa-

tor and first meridian in the same point, is divided into

12 signs, each sign being again subdivided into 30 de-

grees, and reckoned from the first meridian eastward.

The characters of the signs are placed at the beginning,

or opposite the middle of each, as on the horizon.

Such is a general view of the artificial sphere usually

employed to represent the earth. It is called the ter-

restrial trlobe, to distinguish it from that used to repre-

sent theheavens, and which is denominated the celestial

globe. The latter, like the terrestrial globe, is suspend-

ed by the poles in a brazen or universal meridian, and
mounted in the same way in a horizon. On its surface

are described the equinoctial, the ecliptic, the tropics,

the polar circles, the equinoctial and solstitial colures,

circles of celestial longitude, and parallels of celestial

latitude. As the celestial sphere revolves from east to

west, the graduation of the brazen meridian is towards
the east, but, in other respects it is the same as that of

the terrestrial globe. The ecliptic is divided in the
same way as on the other globe, but opposite each de-

gree is a dot, representing the day on which the sun is

at that point. The degrees of the equator are reckoned
in one direction only, viz. towards the east, and the

equinoctial and solstitial points are determined from

Alathea.'

cal Geog:

phy.

Plate
CCLXVJ
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Celettfl

silobe.
I
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actual observation oftlic hcnvens. On tho surface of

the celestial globe iire represented the fixed stars, in

their true relative jjoaitions, distinguished according to

their magnitudes, and arranged in constellations.

Besides tlic parts already described, there are other

appendages common to both globes, which yet reinain

to be explained. The principal of these are the horary

or hour circle, the qiiadranl of altitude, and the compass.

The horari/ is a small brass circle, generally fixed on
the north pole of the globe, and divided into 24^ equal
parts, representing the hours of the day. Tlie divisions

are numbered from 1 to 12 ahmg the first semicircle,

and again from 1 to 12 along the next, in the contrary

direction to that in whicli the globe naturally' revolves.

The circle is moveable separately by the hand, so that

any given hour may be brought to the brazen meridian;
but when left to itself, it turns with the globe, and thus

serves to measure the whole, or any part of a revolution.

The (]uaf/rant qfalli/utle is a graduated slip of brass,

so thin and flexible, as to be easily applied to the sur-

face of the globe. It is furnished at one extremity with
a nut and screw, by which it may be fastened to any
part of the meridian. When this extremity is fixed on
the zenith of the globe, the zero, or commencement of
the graduation, coincides with the horizon, thus form-
ing the fourth part of a vertical circle. The gradua-
tion is also continued to the other extremity of the qua-
drant, which is generally about 1 8 or 20 degrees. It

takes its name from being applied to meftsiire the alti-

tude of heavenly bodies.

The compass consists of a magnetic needle, suspend-
ed over the centre of a circle, on the circumference of
which are marked the 32 points or rhumbs of the hori-

zon. It is, in fact, the simplest form of the mariner's

compass, fixed in the under part of the frame or mount-
ing, and used for placing the brazen meridian in the
meridian of the place.

It would be tedious, even to enumerate the various

improvements and alterations, that have been from time
to time recommended, in the construction and use of
the globes, as well as of their appendages. Such an
enumeration, however, is we conceive unnecessary, be-
cause any body who understands the general principle
of the globes, as we have now explained it, will find no
difficulty in using any of the instruments, with which
they may be accompanied ; and because more informa-
tion will be acquired, in half an hour, from inspecting
the globe itself, than we could communicate in a whole
volume of descriptions and drawings. While, there-
fore, we have endeavoured, in the preceding short
sketch, and by help of the representations. Figs. 5 and
6. Plate CCLXV. to convey some idea of the nature
of the globes, we would conclude, by recommending to
such of our readers as wish to become thoroughly ac-
quainted M'ith the subject, to draw their information
from the instrument itself.

The most natural, as well as the most correct method
of tracing out the circles of a globe, may easily be dedu-
ced from the preceding description. Suppose, for ex-
ample, it is required to delineate on the surface of a
spherical body, the various lines and figures of the ter-

restrial globe. From either of the points that represent
the poles, with a radius equal to half the distance be-
tween them, a circle is described to represent the equa-
tor, and divided into degrees. From tne 90th degree of
tlie equator with the same radius, another circle is

described, passing through the poles, and representing
the first meridian. Other meridians are described in a
similar manner, by taking for a centre every fifth, tenth.

or fifteenth degree ofthe equator, according to the num- Matliemaif.

her required. Tiie first, or any other meridian, being ™' <|«>gta»

divided into degrees, from the equator towards the poles, v_*'^"_.
the tropics and polar circles may be described from the '

~

poles as centres, with radii extending to 23}/ and GO^"
respectively. Other parallels of latitude are described
in a similar manner. The ecliptic is described, by ta-

king as a centre the point which is in 90° west longi-

tude, and 66^" north latitude, and for a radius one-
fourth of the circumference ofthe globe. Having thus
described all the circles, it only remains to lay down
the different places of the earth, according to their re-

spective longitudes and latitudes, as determined by ob-
servation, and described in books of gcograpllJ^
But though this method of delineating globes is in Method

itself simple, and capable of being carried to almost any commonly

degree of exactness, those whose business it is to con- '"'"?'*<'

struct them for sale, have found it necessary, in order
to furnish them at a moderate price, to adopt another
method, less accurate perhaps, but much more expedi-
tious. This method consists in delineating, on separate
pieces of paper of the form jENQS, (Fig. 7.) called ^'*'"'

,

gores, separate portions of the earth or the heavens, ac- pf''^^
'

cording as they are intended for a terrestrial or celestial
'^"

globe, and afterwards fixing them in order on the surface
of the sphere, when N and S coincide with the poles,

NjES, NMS, and NQS become meridians, and JEMQ
an arch of the equator. Strictly speaking, indeed, no
portion of paper can be accurately fitted to a spherical
surface; but if MQ be very small compared to the
whole circumference, the portion of the sphere, covered
by the segment ^NQS, will not sensibly differ from a
plane in tlie direction iEQ; that is, the arches of
the equator .^M, QM, and of the parallel of latitude
ab, cb, may be considered as straight lines perpendicu-
lar to NS. The number of segments necessary to co-
ver the globe, will depend on the length of the arch
jEQ ; l)ut when the whole have been once carefully
designed and accurately fitted to the sphere, it is only
necessary to make correct engravings of the originals,

in order to construct, with comparatively little labour,
any number of globes of the same dimension. Some-
times the segments are truncated at each extremity
AB, CD, so as to leave a small circular space about the
poles. These spaces are considered as plane surfaces,

and are accordingly covered with one circular piece of
paper, on which the portions of the meridians form ra-
dii of a circle. The method of delineating the gores
will be explained when we come to the projection of
maps.

Having thus shortly noticed the different methods of
constructing globes,weshotdd now proceed to what more
properly constitutes the object ofthis Chajiter, the appli-
cation of these instruments to the solution of problems.
Before concluding this Section, however, we would ob-
serve, that in perusing the terrestrial globe, the eye ofthe
observer is in its natural position ; but in the case of the
celestial globe, he must conceive himself situated in the
centre, and looking towards the concave surface. This
will perhaps be better understood by referring to the
armillary sphere, as represented Fig. 8. Plate CCLXV. Armillir*
This instrument consists of a number of metallic rings, sphere
so connected as to represent the circles of the sphere, I'latb

and at the same time to exhibit the apparent relative t;CLXV.

positions of the earth and heavens. As delineated in ** *•

the figure, N and S represent the poles, and the line

NS the axis of the world, with the earth G in the cen-
tre; HR the horizon, jEQ the equinoctial, EL the ecbp-
tic, jENQS the solstitial colure, KM the equinoctial co«
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Mailiemati- lure, TC the tropic of Cancer, T'C the tropic of Capri-

cal Gcogra- (.gni, AP the arctic circle, and A'P' the antarctic circle.

P''y- Xhe meridian iENQS is graduated in the same way, as
^"^ ~

the brazen meridian of the celestial globe, viz. from IE.

towards N and S, and from N and S towards Q ; and

the horizon is moveable, so that by raising or depressing

Jt at the north and south points, it may be made to in-

tersect the meridian jENQS, in any two opposite points.

The whole instrument rests on the southern extremity S

of tlie axis, and is generally so constructed that the earth

G, witli the meridian ^NQS, and horizon HR, may
be made to revolve from west to east, while the other

circles remain at rest ; or the latter may be made to re-

volve from east to west, while the former remain fixed.

By means of the joint B, the sphere may be placed so

as that the north pole N may have any elevation, the

angle of that elevation being measured by the gradua-

ted arch F, attached to BS, and passing through a slit

in BD. In using the celestial globe, then, the eye is

supposed to be situated on G, and viewing the circles

of the armillary sphere, the latter in all cases being

placed in the same situation with the globe.

Sect. II. Solution of Problems ly the Globes.

I. By the Celestial Globe.

To Tectify Prob. 1.—To rectify the globe for any place, that is,

tlie globe, to give the globe the same position, as the celestial sphere

has, to a spectator at any place on the earth's surface.

Elevate the north or south pole, according as the place

is north or south of the equator, till its altitude be equal

to the latitude of the place.

To find the Prob. II.—To find the sun's longitude, or place in

5un's place, the ecliptic, for any given day.

Find the day under the ecliptic on the globe, and
opposite to it will be the si^n and degree required. The
problem may also be solved, by finding the day in the

calendar on the wooden horizon, marking the sign and
degree opposite to it, and finding the same sign and de-

gree in the ecliptic on the globe. As the sun is always

in the ecliptic, he has no latitude.

To find the Pros. III.—To find the sun's right ascension and
sun's right declination for any given day.
ascension, Bring the sun's place in the ecliptic to the graduated

edge of the brazen meridian, then the degree of the

equator under the meridian will shew his right ascen-

sion, and the degree of the meridian over his place will

be his declination. When the sun's declination is less

than 23° 28', there are two corresponding places in the

ecliptic, which may be found by marking those two
points on the ecliptic, whicti pass successively under
the given declination on the meridian.

To exhibit Prob. IV.—To dispose the celestial globe, so as to
the appear, exhibit the actual appearance of the heavens at any ei-

Cv^, ven time and place.*^*^

Rectify the globe for the latitude of the place, and
bring the sun's place in the ecliptic, and the 12th hour
of the horary to the brazen meridian. Turn the globe
towards the east or west, according as the time is be-
fore or after noon, till the given hour on the hour circle

comes to the meridian, and the globe will represent the
actual appearance of the heavens, at that time and place.

To find the Prob. V.—To find those stars that never rise, and
stars that those that never set, at a given place not under the
never nse,

equator.

Rectify the globe for the latitude, and make it re-
vive. The stars that do not sink below the wooden

phy.

T find

right

sioa. &(

To find

star froi

horizon, are those that never set, and the stars that do Mathem

not appear above it, are tiiose that never rise in that la- '^ ^^
titude. If the place be under the equator, every star

is 12 hours above and 12 hours below the horizon.

Prob. VI.—To find the rigltt ascension and declina-

tion of a fixed star.

Bring the star to the brazen meridian, and its right
'

ascension and declination will be found, as in Problem " ^^"'

III.

Pkob. VII.—The right ascension and declination of Tu find

a star being given, to find the star on the globe. star froi

Bring the degree of the equinoctial denoting the '"' '[g'^'

right ascension to the meridian, and the degree of the
'""'"" ""

meridian, denoting the declination, will be over the star.

Prob. VIII.

—

To find the longitude and latitude of To find

a given star. longituc

Place the upper extremity, or 90th degree ofthe qua- ''^'^- "^ ''

drant of altitude, on the north or south pole ofthe eclip-
"""'

tic, according as the star is north or south of the eclip-

tic, and let its graduated edge fall upon the star; then

the degree of the ecliptic, intersected by the quadrant,

will be the longitude of the star, and the degree of the

quadrant over the star, its latitude.

Prob. IX.—The longitude and latitude of a star be-

ing given, to find the star upon the globe.

Place the extremity of the quadrant of altitude on the
f^J'g"|

pole of the ecliptic, and make its graduated edge inter-

sect the ecliptic, in the longitude of the star ; then the

star will be found, under the degree of the quadrant de-

noting its latitude.

Prob. X.—To find what stars are rising, setting, or To find

culminating, at any given time and place, and also the *'"" .'*

altitude and azimuth of any star, at the same time and "^ "*'
|

place.

Dispose the globe as in Prob. IV. then the stars un-

der the eastern side of the horizon are rising, those un-

der the western side are setting, and those under the

meridian ai'C culminating.

If the quadrant of altitude be fixed on the zenith, and 'To Gn(|i

its graduated edge made to fall on a given sur, thede- ^"'"^

gree of the quadrant over the star, will be its altitude,
jtai.

and the degree of the horizon intersected by the qua-

drant its azimuth.

Prob. XI.—To find when a given star rises, sets, or To fini

culminates at any place on any given day. when i la

Dispose the globe and hour circle as in the first part "*'*'

'

of Prob. IV. then bring the star successively to the east-
,

j

ern side of the horizon, the meridian, and western side

of the horizon, and the times of its rising, culminating,

and setting on the hour circle, will come to the meri-

dian respectively.

Prob. XII.—To find the apparent angular distance to finfc

between two stars ; that is, the arch of the great circle anguUti

intercepted between them. distan^l
•

Apply the quadrant of altitude to the globe, so that
|'^g"'J'J

its graduated edge may fall on both the stars, the zero, ^

'

or commencement of the graduation, being on one of L

them ; then the degree of tlie quadrant over the other L
will be the angular distance required, M

Prob. XIII.-^To find when a planet rises, sets, or To finfr

culminates on any day at a given place. when )t

Find the planet's place on the globe, from its longi- "^^ "'•

tude and latitude, or right ascension and declination, as

given in the Nautical Ahnanack, or any other epheme-
ris, and fix on that place the name or character of the

planet ; then its rising, setting, or culminating, also its

altitude, azimuth, &c. may be found in the same way
as if it were a fixed star. In general, all the problems

relative to the fixed gtars are applicable to the planets..

&c.



nMi- the places of the latter being determined from the ephe-
>K™- mens.

pRon. XIV.—To illustrate, generally, the phenomena
of the harvest and hunter's moons.
The moon's orbit forms with tlie ecliptic an angle of

5^°, and advances about 13° daily from west to east.
Uut to simplify the problem, let it be supposed, in the
first instance, that her orbit coincides with the ecliptic,
and that her place and hour of rising being given for
one day, it is required to find her hour of rising for the
next.

Rectify the globe for the latitude, bring the moon's
place to the east side of the horizon, and the hour to
the brazen meritlian, then turn the globe westward till

the point of the ecliptic, 13° from the given point, come
to the horizon, and the hour required will be under the
meridian.

By solving this problem for various points of the
ecliptic, assumed as the moon's places, it will appear,
that the difference in the time of her rising on any two
consecutive days, to a place not under the equator, is
always considerably less when the moon is in Pisces
and Aries, and greater in the opposite signs, than in
any other point of the ecliptic, and that this difference
mcreases with the latitude of the place of observation.
Thus if the globe be rectified for the latitude of 56°
north, and the above problem solved, supposing the
moon's place to be the beginning of Libra, it will be
found, that the time of her rising one day, will be up-
wards of 1

i hour later than on the preceding ; but ifher
place be the beginning of Aries, her time of rising will
be httle more than one quarter of an hour later, so that
she rises for several days nearly at the same time. This
phenomenon, though it must obviously happen every
month, was long considered as peculiar to the autumnal
months, when the sun is in \'irgo and Libra, because it
IS only then that the moon is in Pisces and Aries, at the
time of her being full.

Such is a brief illustration ofthe harvest and hunter's
moon, on the supposition that the moon revolves in
the ecliptic. As her orbit, however, is inclined to that
circle at an angle of 5i", and as her nodes, or points
where her orbit intersects the ecliptic, are constantly
shiftmg, it may easily be shewn by describing several
great circles, inclined to the ecliptic at an angle of 51°,
but cutting it at different points, and solving the above
problem, that the difference of time in the moon's ri-
sing during these months, is sometimes greater, and
sometimes less than it would be if she revolved in the
ecliptic. See Astronomy, Vol. ii. Page 668.

Prob. XV—To trace the apparent path of a comet
on the celestial globe.

If the right ascension and declination of the comet
be known, at two different periods, find its position at
each by Prob. VII. lay the quadrant of altitude through
both, and join them with a pencil line, which will re
present the intermediate path. If the longitude and
latitude of the comet be observed, its places may be de-
termined by Prob. IX. and if its azimuth and altitude
be known at any hour, the latitude of the place of ob-
servation being also given, its place may be tbund thus

:

Uwpose the glolie as in Prob. IV. fix the quadrant of
altitude on tlie zenith, and make its graduated edge in-
tersect the horizon in the azimuth of the comet ; then
the degree of the quadrant denoting its altitude will be
over Uie comet's place. If the positions of the comet,
as aetemiined m any of these ways, be at a greater
distance trom each otlier, Uian the length of the qua-
•*'"" ot alutude, they may be both brought to coin-
adc with the hoiizon, and the path traced accorduigly.
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The preceding examjiles, tlioiigh only a few of the Mailieni«ti»

problems tliat may be solved by the celestial globe, will '^'^ ticogr»-

be sufficient to shew the general principle of such solu- ^^^'

tions, and if that principle be well understood, the rea- ~ """"^

der will find no difficulty in applying it to any particu-
lar case. The problems relating to the sun, and which
are frequently solved by the celestial globe, we consi-
der as bearing more directly on the subject of this arti-
cle. We have therefore reserved them for the second
class of problems, viz, those solved by the terrestrial
globe, to which we now proceed.

n. Bi/ the Terrestrial Globe.

PnoB. XVI.—To find the latitude and longitude of a To find the
given place on the earth's surface. latitude and

Set the twelfth hour ofthe horary circle to the first me- •""»""<!« of

ridian, bring both to the brazen nieridian, and turn the Uie^""
globe till the given place be under the brazen meridian

;
then the degree of the meridian over the place will be
its latitude, the point of the equator intersected by the
meridian its longitude in degrees, and the hours of the
horary that pass under the meridian the longitude in
time.

If the equator be divided into hours as well as de-
grees, the problem may be solved without any previous
adjustment of the hour circle, by simply bringing tlie
place to the brazen meridian.

PiiOB. XVII.—The latitude and longitude of a place To find a
being given, to find the place on the globe. place from

Find the longitude on the equator, and bring it to "« latitude

the brazen meridian, then the degree of the meridian ^"^ '""^i-

denoting the latitude will be over the place.
: Prob. XVIII.—To find the difference of latitude and To find the
the difference of longitude between two given places. difTetence

Find the latitudes of both places by Prob. X\'I. and "f 'aii'ude,

take the difference or sum of these according as they
*'=-'''^'»''«"

lie on the same side, or on different sides of the equa-
''
*"*"

tor. The difference of longitude is found in the same
way, by taking the difference or sum of the longitudes
according as they lie on the same side, or on opposite
sides of the first meridian.

Prob. XIX.—The hour being given at one place, to To find tlie

find the hour at any other place at the same time. ''""' "' *">

Bring the given place and hour to the meridian, then
•*'*"

turn the globe till the other place comes to the meri-
dian, and the hours that pass under the meridian added
to, or subtracted from the first given hour, according as
the second place, is to the east or west of the first, will
give the hour required.

Prob. XX.—The hour being given at any place, to To find
find the places where it is any other given hour at the wlicn it i«

same time. any given

Bring the given place, with the hour at that place, to
*""'

the meridian, then turn the globe towards the east or
west, according as the second given hour is earlier or
later than the first, till the difference between them pass
nnder the meridian, and the places required will be un-
der the meridian.

Prob. XXI.—To find the distance between two gi- To «nd the

ven places on the earth. distance be-

Find the number of degrees, of a great ciicle, inter-
'"

cepted between them ; these degrees multiplied by 60,
''''

or by 69.045, will give the disUnce in geographical and
English miles respectively. The number of degrees
may be found from the brazen meridian, if the places
are under the same meridian ; from the equator, if they
are both under the etiuator ; and from the quadrant of
altitude applied to them, if they are neither under the
equator, nor on the same meridian.

twecn two
dares.
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places.

Solution of

question's in

navigation.

Given difle-

renre of

longitude

and lati-

tude, to

find the

course and
distance

sailed.

Ma.hcn.ati- PnoB. XXII.—Given two places, it is reqmved to

lal Gtogra- (;„j ihe angle which agreat circle passing through tliem,

.
f^y- . makes willi the meridian of each.

'7-> •', 7 \\hen the places are under the same meridian, the

angles of

'

angles are 0, and when they are under the equator the

position be- angles are 90°. ...

twcen two \Vhen the places are neither on the same meridian,

nor under the equator, place the globe in such a posi-

tion, that both the places may be in the horizon toge-

ther, and a Una drawn with a pencil along the liorizon

will be a great circle passing through the places ; the

globe being then rectified for both places successively,

as in I'rob. I. and the places themselves brought to tlic

brazen meridian, the arches of the horizon, intercepted

between the meridian and the circle passing tlirough

the places, will be the measures of the angles required.

This and the preceding problem may be very con-

veniently applied to the solution of questions in globu-

lar sailing. Thus, if the ship be steered on an arch of

a great circle, the distance sailed is found by I'rob. XXI.

and the rhumbs on which the ship must leave the one

place and anive at the other, by Prob. XXII.

Example 1. A ship leaves A, Lat. 16° south. Long.

5° ,50' west, and sailing on a great circle arrives at B,

Lat. 32^ 30' north. Long. 63° 30' west, required the

distance sailed, and the rhumbs on which she left A
and arrived at B .''

1. Describe on the globe with a pencil a great curcle

passing through A and B, and find the length of the

intersected arch by Prob. XX. which in this case will

be about 73° 30', or 4410 geographical miles.

2. Kectify the globe for the latitude of A, bring it to

the meridian, and mark the point where the great circle

passing through B intersects the horizon, which will

be about 4b° iiom the north point towards the west.

3. Rectify the globe for the latitude of B ; bring it

to the meridian, and mark the point of the horizon

again intersected by the great circle, and which will

now be found to be nearly 58° from the north towards

the west. It appears, therefore, that a ship sailing from

A to B, upon a great circle, must leave A on the rhumb
N. 4S° W., and gradually changing her course, must
arrive at B on the rhumb N. 58" W. having run a dis-

tance of about 4410 geographical miles.

Example 2. A ship leaves A, Lat. 16° S. on a course

N. 48" W. and sailing on a great circle arrives at B,

Lat. 32° 30' N.; requu-ed the difference of longitude and
distance between A and B .>'

Rectify the globe for the latitude of A, and bring it

to the meridian. Fix the quadrant of altitude on A,
and make its graduated edge intersect the horizon in

the given course (N. 48° W.) ; then the point where the

quadrant of altitude intersects the parallel of 32° 30', is

the position of B. The place being thus determined,

tiie difference of longitude may be found by Prob.

XVail. and the distance by Prob. XXI. In this ex-

ample the former is ahout 57° 40', and the latter 44'10

geographical miles.

Example 3. A ship sails from B, Lat. 32" 30' N. on
a course S. 58° E. and when she reaches A, her diffe-

rence of longitude is 57® 40'; required the difference of
latitude, and distance between A and B, the ship ha-
ving sailed on a great circle ?

Bring B to the meridian, and rectify the globe for its

latitude. Place the quadrant of altitude on B, and let

it» graduated edge intersect the horizon in tlie given
course (.S. 58° E); then the point where the quadrant
intersects a meridian, 57°40'E. of the meridian of B,
» ill give the position ofA, andA beuig determined, the

5

Given dif-

ference of
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course, to

find diffe-

rence of
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and dis-
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Given dif-
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and cotuse,
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and dis-

tance.

differcnrc of latitude .ind di.stancc may be found by
I'robs. XVIII. and XXI. The former in this example

is 48° 30', and the latter 4410 geograj)hical miles.

Examples of this kind might be multiplied, but the

preceding are suflScient to illustrate the general prin-

ciple. See NvviGATioN.
PnoD. XXIII. To find those places in the torrid

zone, to which the sun will be vertical, on any given

day.

Find the sun's place in the ecliptic by Prob. XL so.

lution 2d, bring that place to the meridian, and mark
the degree of the meridian over it ; all the places that

pass under that degree while the globe revolves, will

have the sun vertical that day.

PaoB. XXIV.—The day and hour being given at

any place, to find where the sun is then vertical.

Find the sun's declination, or the parallel to which he

is vertical that day, and bring the given place and hour

to the meridian ; then turn the globe, till the 12th hour

at noon come to the meridian, and the intersection of

the meridian, with the parallel of latitude to which the

sun is vertical, will be tJie place required.

Prob. XXV.—A place being given in the torrid

zone, to find on what days the sun will be vertical tliere.

Find the latitude of the place, and the points of the

ecliptic which have the same latitude ; the days in the

calendar, opposite to tliese points, will be the days re-

quired.

Prob. XXVI.—To find the sun's altitude and azimuth

at any given time and place.

Rectify the globe for the given latitude, and bring

the sun's place in the ecliptic and the 12th hour of the

horary to the brazen meridian. Turn the globe to-

wards the east or west, according as the time is before

or after mid-day, till the difference between the given

hour and 12 is under the meridian. Fix the quadrant

of altitude on the zenith, and make its graduated edge

fall on the sun's place in the ecliptic ; then the degi-ee

of the quadrant over the sun's place will be his altitude,

and the point of the horizon intersected by the quadrant

his azimuth.

If the sun's meridian altitude be required, it is found

by rectifying the globe for the latitude, and bringing

the sun's place to the meridian, when the arch of the

meridian intercepted between the sun's place and the

horizon will be the altitude required. In this case the

azimuth is nothing.

PnoR. XXVII.—To find the circle of illumination

for any day, and the places that are above or below it

at any hour of tliat day, reckoning the time at a given

place.

Rectify the globe for the latitude to which the sun is

vertical, and the horizon will represent the circle of il-

lumination. Bring the given place and hour to the

meridian, and turn the globe towards the west or east,

according as the hour is before or after mid-day, till

1 2 of the hour circle be under the meridian ; then the

horizon will represent the circle of illumination at the

given hour. To the places in the western side of the

horizon, the sun i8rising,to those in the eastern side, he is

setting, and to those under the meridian, he is culmi-

nating.

Prob. XXVIII To find the hour of the sun's rising

or setting, as well as his amplitude, on any day, at any
place, whose latitude does not exceed 66° 32'.

Rectify the globe for the latitude of the place, and
bring the sun's place in tlie ecliptic, and the 12th hour
of the horary, to the brazen meridian. Then turning

the globe eastward till the sun's place be in the horizon,
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^cmati- the Iioiir uiidor the meridian siildiacted from 12 will-~-"'- be the hour of his rising, and tlie point of the horizon
, comcidmg with his place will be his eastern amplitude.
In like manner, turning the globe westward, till the
sun's ^ilace be again in the iioi-izon, the liour under the
meridian subtracted from 12, will be the hour of his
setting, and the point of the horizon, coinciding with
his place, will be his western amplitude.

In solving this problem by the celestial globe the
method now shewn, is the most obvious and natural
because m using the celestial globe, the heavens are
supposeil to revolve, every point rising above the hori-
zon in the east, and sinking beneath it in the west
while the earth itself remains fixed, and the hour cir.!
cle IS graduated accordingly. But in solving the pro-
blem by the terrestrial globe, when the sun is sup-
posed to be stationary at his place in the ecliptic for
that day, and the time of his rising or setting to any
place, IS the time when that place, by the revolution of
the earth from west to east, is on the west or east side
of the circle of illumination, the following method,
when the hours of rising and setting only are wanted
IS perhaps more natural.
Find the circle of illumination for the day; brino-

the given place and the 12th hour of the horary to thi
mendian

; then turning the globe westward till the
place IS m the horizon, the hour under the meridian
will shew the time of the sun's rising, and turning it
eastward till the place is again in the horizon, the hour
under the meridian will shew the time of his setting
It ^ an advantage attending this method of solution,
that the horary shews the time at once, and by one
rectification of the globe, may be found the length
of the day in any latitude between the polar circles,
as well as those pUces within the polar drcles where
the sun never rises or never sets on that day

ni.^r";
^^^^—T° find the length of l^y day ornight, at any given place. / / "'

XXV III double the latter will be the length of the dayand double the former the length of the nioht
'

.
PnoB. XXX.-To find when, and how long, the sun

friEone'''
"^ ^''''"' ^'°'"' ^ g'^^» P>^<^e Within the

lectify the globe for the latitude of the place, andwhile It revolves on its axis, mark the points of the
ecliptic which comcide with the north or^south point

^i .h% °"f"' ^'^^^"'.•"g as the place is in the north orsouth fngid zone. Find the days in the calendar cor-responding to these points, and they will be the limitsof the time, during which the sun never sets at™hegiven place. If the points of the ecliptic intersec edby the opposite point of the horizon be markecfS
thfti^TT"- '"^/'',!''f' P°'"'^' ^^••» »"^ the limits ofthe time, dunng which the sun never rises at the place

globeZ? " "'^ '' '"'^'^ "'"'°"' '^""^''l t"«

Find the sun's places in the ecliptic when his decli-Tiation ,s eoual to the co-latitude of the pl^ce and o"he^me sicfe of the equator; the days, cSp^clinsto these points, will be the limits of heSdurnfwhich the sun ,s present to the place. In 1 k^maSind his p aces when his declination is ejual to the c^latitude of the irivcn nlarp h..f „„ tu
l"""/" me co-

' -in^-sv ™' .•'^M'.y.r^^txr.." Lt
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Rectify the globe for the sun's pJace in the ecliptic, Muhtmm.
and bring tlie first, or any other meridian, with 12 of cal Geogra-
the hour circle, to the brazen meridian ; then turning P""?-
the globe eastwaril, till the hour denoting half the gi. """^T"^
ven length of the day, be under tJie brazen meridian
the point of the first meridian, intersected by the eastern
side of the horizon, will be the latitude required.
The problems, for finding in what Latitudes the longest

day IS tjf any given length, and for determining the
boundaries of the different climates, between the polar
circles, are only particular cases of the preceding ire.
neral problem. ° *"

Prod XXXII.—To find tlie hour of the day by ex- Tn fi„,i ,h
posing the globe to the sun's rays. ^ '^

.^".f^^^
1 ace the globe so that the wooden horizon may be "l^y. &c

level and the brazen meridian may coincide with the
meridian of the place. Rectify the globe for the lati-
tude, and bring the sun's place in the ecliptic, and 12
of the hour circle, to the brazen meridian. In the sun's
place fix a small pin or needle perpendicular to that
place, and turn the globe till the pin has no shadow
that IS, till It point directly towards the sun ; then the
liour under the brazen meridian, subtracted from 12
will be the hour of the day.

'

For various other methods of solving the preceding
problem, see Adam's Astronomical and Geoerai)hicul
Lssays. '

Pkob. XXXIIL—To find when the twilight begins To find them the morning and ends at night on any day. ^ beginning.
Kectity the globe for the latitude of the place : bring *<=• o^ ""-
e 12th hour of the horary and the sun's nlnn« ,« the "s'"-

the 12th hour of the horary and the sun's place in ine
ecliptic to the brazen meridian, and fix the quadrant of
altitude on the zenith. Turn the globe westward, till
the point of the ecliptic diametrically opposite to' the
sun's place cut the quadrant of altitude IS' above the
eastern side of the horizon, and the hour denoting
the beginning of twilight in the morning, will be un-
der the brazen meridian. By turning the globe in the
opposite direction, till the point opposite the sun's place
be 18^ above the western side of the horizon, the hour
circle will shew the end of twilight in the evenino-. h\
those latitudes where the sun does not sink more' than
18" beneath the horizon, the twilight continues all night
.See Astronomy, vol. ii. p. C6'0.

Prob. XXXIV—To construct a horizontal dial by t.the globe. •' '^'> ""^'

Rectify the glolx; for the latitude of the place, aiultT
"

bring the first meridian to the brazen meridian ; the
arches ofthe horizon, intercepted between the first me-
rKhan,and the meridians passing through every fifteenth
degree of the equator, will be the measures of the
angles, which the hour lines must make, with tlie meri-
dian Ime.

Example. It is required to construct a horizontal dial
for Edinburgh, supposing its latitude to be 56'.

Elevate the north pole 56"= above the horizon, and
bring the meridian of London to the brjizen meridian.
While the globe remains fixed in this position, the me-
ridians on each side of the first meridian, and 15° distant
from It, will intersect the horizon 77.^°, or more accu-
rately 77o 28' from the cast and west points, that is
12° 32' from the south point, therefore the hour lines
for II forenoon, and 1 afternoon, must make with the
meridian line, each an angle of 12« 32'. The meridi-
ans on each side of the first meridian, and SO" distant
from It, will intersect the horizon in Q4,° 25', that is 25^
35' from the south point, whicli is therefore the an<rle
that the hour lines, of 10 and 2, must make with the
meridian. In the same manner may be found the angles
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Miit'icniaii- niatle by the otlicr hour lines, after which the dial is

1 111 cjCTigra-
jjj jje constructed according to the directions given un-

P''^- tier the article Dialling, § 40. vol. vii. p. 697.
'~

"
~'

The lines for half hours and quarters may be found

in the same way as the hour lines, if meridians be de-

scribed on the globe, dividing every 15' of the equator,

into four equal parts, that is at the distance of 3" 45'

from each other. But as globes have seldom so many
meridians, the lialf hours and quarters may be found

thus

:

Having disposed the globe as directed above, turn it

in either direction, till the brazen meridian intersect the

fquatorin3°'}'5', and the arch of the horizon, intercept-

eel between the brazen meridian, and tlie first meridian,

will be the measure of the angle, which the line of three

riuarters past 1 1, or a quarter past 12 must make with

the meridian line. Turn the globe in the same direc-

,tion, till the brazen meridian intersect the equator in

7° 30', and the arch of the horizon intercepted between

the brazen meridian, and the first meridian, will measure

the angle which the line of half past 11 , or half past 12,

must make with the meridian line, and thus every other

quarter and half hour line may be found, by bringing

successively to the brazen meridian every 3° 45' of the

equator. If the globe is moved only 1° 15' at once, the

successive arches of the horizon, intercepted between

the brazen meridian and first meridian, will measure
;the angles which the lines of every 5 minutes must
make with the meridian line, and so of any other sub-

division.

To construct a vertical south or north dial, rectify the

^lobe for the co-latitude of the place, and proceed as

in the case of a horizontal dial. See Dialling, § 51,

vol. vii. p. 700.—The application ofthe armillary sphere
to the solution of problems, is the same in principle

iwith that of the globes.

CHAP. III.

Of Maps.

Sect. I. Of Maps in General.

Though the representation of the terrestrial sphere,
by means of a globe, is the simplest as well as the most
accurate, it has been found in many respects deficient

for the purposes of geography. If the globe be made
very large, it becomes expensive and incommodious ; if

small, the places which it ought to represent are either
too much crowded, or altogether omitted. To remedy
these defects, geographers have contrived to delineate
the earth's surface on a plane, by which means the
whole or any portion may be easily represented, on a
greater or less scale, according to circumstances. Such
representations are in general denominated maps, and
are also distinguished by particular names, according
to their natiu-e or use. Thus a map representing the
whole world is called a planisphere ; if it represent a
considerable portion of the globe, it is called a gene-
ral map, and a particular map if it contains only a
country. VVTien a portion of a country is represented
on a large scale, with the direction of roads, the course
of small rivulets, and tlie position of villages and single
houses, it is called a topographical map. Hence also
mmeraUigical maps, intended to illustrate the geological
structure of a country; and nautical maps or charts, used
for the purposes ofnavigation. With regard to the po-
sUion of maps, it maybe observed, that whatever be
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their nature or use, the north is generally at the top,

the east on the right hand, the south at the bottom, and
the west on the left hand. The graduation of the equa-

tor, or degrees ol' longitude, are marked at the top and
Ijottom, and the graduations of the meridian, or degrees

of latitude, on the right and left sides.

The various methods adopted by geographers in the

construction of maps, may be referred to two principles.

Projection and Developement. By projection is

meant, a representation of the surface of the sphere on
a plane, as it appeal's to the eye situated at a particular

point ; and by ilevclojxmcnl is to be understood the un-
folding, or spreading out, of a spherical surface on a
plane. VVe are now to explain briefly, the construction

of maps according to both ofthese principles ; but as we
sliall frequently have occasion to employ lines of chords,

sines, tangents, secants, &c. we shall here show the me-
thod of constructing these lines, and explain so much
of their natui'e and use, as may be necessary for our
present purpose.

From any point C, (Fig. 9.) draw CA, CD at right

angles to one another, and with any convenient radius

CA, describe a quadrant ABD. Join AD, and from A
as a centre, through every degree of the arch ABD,
describe arches intersecting AD, marking these inter-

sections with the corresponding degrees of the qua-
drant. Then AD will be a line of chords. From each
degree of the quadrant let fall perpendicidars on AC,
and it will be a line of sines. Produce CD indefinitely

towards E, and through A draw AF parallel to CE.
Through the centre C, and each degree of the qua-
drant, draw lines intersecting AF, and it will become a
lifie of tangents. From C as a centre through every in-

tersection of AF, describe arches intersecting DE, and
CE will be a line of secants. And lastlj', through every

half degree in the line of tangents, draw parallels to CD,
and it will be a line of semilangents.

For practical purposes, the lines, after being divided

in tliis manner, are transferred to flat rulers of different

sizes, where they are drawn parallel to one another,

generally in the following order, chords, sines and se-

cants in one line, tangents, and semitangents. In using

them, nothing more is necessary, than to extend the

compasses from the extremity of tlie line, to the number
denoting the degrees of the given arch : thus the dis-

tances from A to 40 on AD, from C to 40 on AC, from
A to 40 on AF, from C to 40 on DF, and from C to

40 on CD, will give respectively the chord, sine, tangent,

secant, and semi-tangent of an arch of 40°, the radius

of the arch being equal to AC. In any set of lines, the

chord of 60°, is always equal to the radius of the qua-

AtaxA, from which the lines are constructed.
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Sect. II. Construction of Maps by Projection.

In projecting an object upon a plane, according to

the rules of perspective, the plane oj'projection, or that

on which the object is to be delineated, is generally

supposed to be transparent, and situated between the

eye and the object to be projected. The position of
the eye is called the projecting point, and tiie straight

line drawn from this point, perpendicular to tlie plane
of projection, is termed tlie axis of that plane. The
projection of any point of the object, is the point which
It is to occupy, when transferred to the plane of projec-

tion, and is always determined from the intersection of
that plane, by the ray of light coming from tlie giv^n
point to the eye.
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The different methmls of projecting the sphere, ari-
sing from the diflerent distances of the projecting point,
are generally reckoned four, the gnomovic or central,
the orthos^raphic, the stereographic, and the globular.
In the gnomonic projection, the eye is supposed to be
placed in the centre, and the plane of projection is tan-
gent to the pole of the hemisphere to be projected. In
the orthographic, the eye is supposed to be at an in-
finite distance from the sphere, so that the rays of light
coming from every point of the hemisphere, may be
considered as parallel to one another. In the stereo-
graphic projection, the eye is situated on the surface of
the sphere, in the pole of the circle of projection. And
in the globular, its distance from the sphere is equal
to the sine of 45'». In each of these methods of projec-
tion as applied to the globe, there may be three dif-
ferent cases, according to the position of the sphere, with
regard to the projecting point. These are called the
polar, equatorial, and horizontal projections. In the
first, the plane of projection or primitive circle, coin-
cides with the equator, and one of the poles is in the
cenfa-e of the map. In the second, the primitive is a
meridian, and a point of the equator is in the centre

;
and in the last, the horizon is the primitive, of which
the given place occupies the centre. We shall now
proceed to the mechanical construction of a planisphere
or map of the world, according to these different me-
thods, referring to the article Projection, for the in-
vestigation of the principles of each.

I. By Gnomonic Projection.

This method, as its name implies, constitutes the
foundation of dialling, but is very seldom used in the
construction of maps. The disadvantages with which it
is attended in its application to the latter, are the distorted
appearance which it gives to countries at a distance from
the centre of projection, and the difficulty of describ-
ing parallels of latitude, which in the equatorial and
horizontal projections are parabolas, ellipses, or lij-per-
bolas. In the po/nr projection, however, where the pri-
mitive is parallel to the equator, this difficulty is re-
moved, the parallels of latitude being projected into
concentric circles, while the meridians, which in every
case of this method are represented by straight lines,
intersect one another in the centre of the projection'
forming at that point, the same angles that they do on
the surface of the sphere. By this method, therefore, we
obtain a very simple and expeditious projection, of the
northern or southern parts of the globe, and at the
same time a tolerably accurate representation, at least of
the polar regions. This projection is shewn in Fig. JO
which IS constructed thus.
From the centre P, with 60 from the line of chords

.lescnbe the circle WLEM for the primitive, and draw
the diameterLM to represent the first meridian. From M
set off successively towards E and W the chord of5, 10 or
1 5degrecs,aecording to the number ofmeridianswanted •

and through these points, draw diameters for the meri-™ required To find the parallels of latitude, take
the tangents oftheir respective co-latitudes, or distances
froni the pole, and with these radii, describe concentric
circles about the centre P. Thus the tangent of 10°
.8 the radius of the parallel of 80°. the tangent of20° IS the radius of the parallel of 70°, &c that
IS, PM IS converted by the intersections of the par

STJ^ '"' °*^

*^V^">T ^° ^"dius PM. The Jar-

^r Lv f;.^'°'^^^.P°."'1« ^>th the primitive WLEM, af-

v" X PART
'""'^^ ^'*^ Sreat rapidity as th^y
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approach the equator, which becomes infinite. Hence, ^ratliem«t|.
a whole hemisphere cannot be projected by this mc- '^i^ Geogra.
thod, and it is obvious from inspection, that of what P''^-

can be projected, the countries farther from the pole
"""» ~'

than the O'Oth parallel of latitude, must be very inac-
curately represented.

Having drawn the meridians, and described the pa-
rallels of latitude as above, the continents, seas, islands
&c. which It 18 intended to represent, arc to be delil
neated according to their relative situations and extent
the position of every point being determined by the in-
tersection of its meridian and parallel of latitude. Thi»
may be considered as a general rule for determining the
position of places in all projections ; but as meridians
and parallels of latitude cannot be described through
every degree, the position of any intermediate point in
the preceding method, may be found readily thus •

Transfer to the edge of a flat ruler the divisions of the
line of tangents, then by laying the commencement of
this scale on P, and the graduated edge on the degree of
the primitive denoting the longitude, the division of
the scale corresponding to the co-latitude of the place,
will shew the position required.

II. By Orthographic Projection.

Though this method of projection is more frequently General
employed m geography than the preceding, it affords P'ope"i".
but a very imperfect and inaccurate representation of
the whole hemisphere. From the position of the eye
the parts of the sphere are seen more and more oblique-
ly as they approach the primitive, and consequently the
countries at a distance from the centre of projection are
contracted far below their natural limits. The ortho-
graphic projection, therefore, though the reverse of the
gnomonic as to its defects, is like the latter best adapt,
ed for representing countries at a moderate distance
froni the centre of projection. The representations of
the hemisphere on orthographic principles, usually em-
ployed in geography, are the polar and equatorial, which
are constructed as follows :

l^cl'

P'
^l^"'v

From the centre P, (Fig. 11.; with Constnic-

ivT 4.?-?" l"^
''"^ °^ chorAs, describe the primitive tion of an

WLbM, which will represent the equator, and draw onhogi^.
the meridians as in Fig. 10. To find the parallels of

?*>'<= P"'"
latitude, take the sines of their respective co-latitudes T^'and with these radii describe circles about the centre CCLXV.
; „J ^^ .

^'"^ °^ '*'° '^ ^^^ radius of the parallel Fig. 11.
of 80», the sine of 20» is the radius of the parallel of
70

,
&c. or PM IS converted by the intersections of

the parallels into a line of sines to radius PM. Hence
to find the radii of the parallels without the help of
lines previously constructed, divide ME into as many
equal parts as the parallels wanted, and let fall perpen-
diculars from these divisions on MP; the distances
between P and these perpendiculars will be the radii
required.

In this projection, the whole hemisphere is repre-
sented within the primitive, which in the gnomonic is
occupied by the zone of 45" round the pole ; but the
countries near the equator are very much distorted from
their true dimensions.

2. The Equatorial. From IE (Fig. 1. PlateCCLXVI V 4 1.
'

with the chord of 60°, describe the meridian WNES for grapMc ^
the primitive, and draw the diameters WE,NS at right quatorial
angles to one another; the former to represent the equa- ™»P-
tor, and the latter a meridian at right angles to the pri- P'-ate
mitjve. From M towards E, set o« Mh M r Mf &c ^-'^-'^XVL

', 30", 15<», or of lO^^SO^'sO^ ''* ^•equal to the sines of 5",
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&c. according to the number ofmeridians wanted ; then

elliptic arches described through NaS, N6 S, NcS,
&c. will represent the meridians, in this case, 10" distant

from eacli other, or whose angles ofinclination to the pri-

mitive, measured by the arches of the equator intercept-

etl between them, are 10", 20''', 30°, &c. respectively.

Of these ellipses, NS is always the transverse axis, and

JKa,JEl>, JEc, &c. the semiconj ugates. Hence, to

find the foci of any given arch N/S ; from/ the extre-

mity of the semiconj ugate, as a centre, witli the radius

^N, half the transverse, describe an arch intersecting

NS in F and F': these points will be the foci required.

The foci being found, the ellipse may be described

according to the method explained under Conic Sec-

tions, vol. vii. p. 137, or by any of the elliptic instru-

ments described under the article Drawing Instru-

ments, vol. viii. p. 130. If the whole ellipse Ny"S be

described, the other semicircumference will represent

the corresponding meridian on the opposite side of NS.

The points a, b, c, d, &c. may also be found by divi-

ding EN or ES into nine equal parts, and letting fall

perpendiculars from every division on EjE. Straight

fines drawn through the divisions of EN, and parallel

to EW, will represent parallels of latitude.

.Inalcmma. When this projection is made upon the solstitial co-

lure, the planisphere is distinguished by the name of

Anakmma, and is the foundation of a simple instru-

ment of the same name used for the solution of various

astronomical problems. See Analemma, and Pro-
jection OF THE Sphere.
The ordiographical projection of the sphere on the

plane of the horizon, is seldom used in constructing

maps, partly from the inaccuracy of representation

common to it with the preceding methods, but chiefly

from the difficulty of construction, both meridians and
parallels of latitude being projected into ellipses. It is

applied to the projection of solar eclipses. See Asxno-
Noxiy, vol. ii. p. 74:4.
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III. By Stereographic Projection.

In delineating maps according to the principles of. this

projection, the defects .of the other methods are in a

great measure avoided, both as to the accuracy of re-

presentation, and tlie facility of construction. These
advantages are chiefly owing to the two following pro-

perties, by which the stereographic projection is dis-

tinguished from every other. \st, All circles are pro-

jected into circles or straight lines ; and, 2(//y, The pro-

jections of any two circles intersect one another in the

plane of projection, at the same angle that the circles

themselves do on the surface of the sphere.

In maps of the world constructed on stereographic

principles, the projection is generally made on the plane
of a meridian, the eye being successively placed in the

poles of that meridian, opposite the hemisphere to);be
projected. As the method, however, is of very exten-
sive application, we shall give an example of all the
three cases.

1. Tke Polar. From P (Fig. 2.) with 60° from the
line of chords, describe the primitive WLEM, in this

case the equator, and draw diameters for meridians as
in the gnomonic polar projection To project the pa-
rallels of latitude, take from the scale the semitangents
of their complements of latitude, or distances from the
pole, and with these radii describe concentric circles

about P. Thus the seraitangent of 10" will be the ra-

dius of the parallel of 80'-', the semitangent of 20» will

be the radius of the parallel of 70^, &c. that is, PM by
the intersections of the parallels, is converted into a line

of semitangents to radius PM. The radii of the paral-

lels may also be found thus : From W draw straight

lines to every tentli degree of the quadrant ME, inter-

secting the line MP in \0\ 20°, 30", &c. then the distan-

ces between P and these intersections will be the radii

of parallels for every tenth degree of latitude.

y. The Equatorial. In this method, which is most
frequently used in constructing terrestrial maps, the
meridian of any place may be taken for the primitive,

or plane of projection ; but for the more convenient re-

presentation of tlie earth in two hemispheres, it is usual
to take (me of those meridians, which nearly separate
the eastern and western continents. In British maps,
the projection is generally made on the plane of the me-
ridian 20° west from the meridian of London, that is,

the projecting points are in the equator 70° east and
1 IC-' west from the first meridian. The projection of
meridians and parallels of latitude, according to this

method, is represented in Fig. 3. which is constructed
thus.

From JE with thechord of 60° describe the meridian
WNES for the primitive, and through the centre draw
WE and NS at right angles to one another, the former
representing the equator, and the. latter a meridian at

right angles to the primitive. From JE, set off on jE,
Ma, Mb, M c, &c. the tangents of 5", 10", 1 5", &c.; or
of 10°, 20^ 30°, &c. according to the number of meridi-
ans wanted, and from these divisions as centres, describe
arches of circles passing through the poles P and S

;

these arches will be the projections of meridians be-
tween JE and W. In the same manner may be de-
scribed meridians on the other side of NS. In Fig. 3.

Ma, Mb, &c. are the tangents of IC, 20°, &c. there-

fore the arch described from a, viz. N m S next to
W, is 80" from N M S, the meridian passing through
the projecting point, that described from b, viz. the se-

cond from W is "0° from the same meridian, and so of
the others, always measuring the distance between two
meridians, or the angle which they make with each
other, by the arch of the equator intercepted between
them. If the second from VV be taken to represent the

meridian of London, the primitive WNES will em-
brace the whole of the eastern continent, or old world,

except a small part of the north-east point of Asia, with-

out including any part of Americ.i, and the other me-
ridians will be reckoned both ways towards the east

and west. In the present case, however, as our object

is not to exhibit an actual map of the earth's surface,

but only the imaginary lines with which it is sujiposed

to be intersected, we shall assume NjES as the first

meridian, by which means our references to the Figure

will be more obvious and distinct.

Before proceeding to the projection of the parallels of

latitude, it may be proper to notice another method, be-

sides that already explained, of describing meridians,

viz. by determining the points in w hich these circles

must intersect the equator WE (Fig. 4.) This is done
by setthig off from M towards W and E, MlO, M 20,

M 30, &c. equal to the semitangents of these arches re-

spectively. Then three points being given, viz. N, S,

and 10, 20, or 30, in the equator WE, a fourth may be
found, which shall be the centre of a circle passing

through the other three. To determine this fourth point

or centre, draw lines from N and S to the point in the

equator through which the meridian is to pass, bisect

these lines, and erect perpendiculars at the points of

bisection ; these perpendiculars will meet WE in the

point required. See Geometry, Sect. II. Prob.XI.
Though both these methods of describing meridians

imply the use of lines of tangents, or semitangents.

Matliemj

cal Geog
phy.

\

A stereo-

graphic fj

quatorial

map.

Plate
CCLXV
Fig. 3,

Fig. 4.

y



G E O G II A I^ H Y. 1G3
(athcinati- yet the projection may be performed without the assis

I <icofia. gnce of these lines. Thus, in the first method, divi<
>
phy •

ISt-

e

the (juadrants \V'N and ES, Fig. 3: into degrees, and
froni S, through every tenth degree of each, draw
straight lines intersecting WE on both sides ot'M; then
the parts of WE contained between every two corre-
sponding points of intersection, will be the projected
diameters of the meridians, whose distance from the first

meridian, is equal to the di.stance of the points in the
quadrants from the poles. Thus the straight line drawn
from S to 10 in the quadrant WN, will intersect MW
in w, and the line joining Sand 10 in the quadrant ES,
will intersect JEE produced in e, wherefore 7h e is the
projected diameter of the meridian, 80" distant from
N.£S. If then m e be bisected, the point of bisection
will be the centre, and half the line bisected will be the
radius of the meridian N m S. In the same manner may
be describetl the other meridians on either side of NjES.

In the second method, where it is required to find the
points ofthe equator through which any given meridian
is to pass, draw a straight line from S, Fig. 4. to the
point of the quadrant WN, or EN, whose distance from
N is equal to the distance of the given meridian from
the first meridian, and it will intersect MW or ME in
the point required. Thus the line joining S and 10 in
the quadrant WN will intersect JEW in 80, the point
through which the meridian must pass, whose distance
from the first meridian is 80". This point being deter-
mined, the centre may be found as before.

In projecting maps on a large scale, it becomes ex-
tremely difficult to determine the centres, and still more
so to describe, with accuracy, the arches of meridians at
small distances from the first meridian. To remedy
this inconvenience, an instrumf nt has been invented of
a very simple construction, by which these arclies may
readily be described, the extremities and one interme-
diate point being given • W hen this intermediate point
is determined, as in the preceding paragraph, and the
circle described by means of the instrument nuw men-
tioned, the operation is perhaps as much simplified as
the nature of the subject will admit of
To describe the parallels of latitude in this projection,

set off from JE (Fig. 3.) on JEN produced, the s-ecants
of the co-latitudes of the parallels, and from these points
as centres, with radii equal to the distances between
tiiem and the points in the quadrants WN, EN, deno-
tmg the latitudes, describe arches, and they will be the
parallels required. Thus the secant of 30" set offfrom
JE to/, on jEN produced, will be the centre of the pa-
rallel of 60<' north latitude, and the distance between
that point and 60 in the quadrant WN, or EN will be
the radius of the parallel.

The centre of any given parallel, as 60, may also be
determmed thus

: From E, draw straight lines through
bO m each of the quadrants EN,WN, intersecting JEN,

e!^. produced, in the points g and h, then the part
ot JEN contamed between these points will be the pro-
jected diameter of the parallel of 60. If, therefore,
this Ime be bisected, the point of bisection will be f,the centre

; and half the line bisected will be the ral
dius of the parallel.

If the semi-tangents of lO", 20°, 30°, &c. be set off
from ^towards N, they willgive the points in which the
paraUels of 10', 20", 30°, must intersect ^N. Thus

the Pemitangentof 60" set offfrom M towards N, gives f'fu'htnMi-

the point g. In every parallel, there will thus be given "^ ficofir:-

thrce points, viz. the extremities in the quadrants WN ._^^1, .

and EN, and an intermediate point in MN ; and con- ~ *

sequently the parallel may be described either by find-

ing its centre, or applying the instrument formerly men-
tioned,' in the projection of meridians. The interme-
diate points in JES may also be found without a line

of semitangents, as in the last paragraph, viz. by draw-
ing lines from E to every tenth degree of WN. In the
same manner may be described the parallels on the
other side of the equator.

3. The Horizontal. Though this projection is ndt so
frequently used as the preceding in constructing a map
of the world, it is more convenient, as we shall after-

wards shew, for some particular purposes, and is there-

fore not to be omitted in a system of mathematical geo-
graphy. Tlie projection of the equator, meridians, and
parallels of latitude on the horizon of any given place,

as Edinburgh, Lat. 56° N. is as follows.

From C (Fig. 6.) with 60 from the line of chords, A.stet«agra-

describe the circle WNES for the primitive or horizon phic hori-

of the place C, and draw NCS, WCE at right angles ^""'^ "•F-

to each other, the fonner representing the meridian Plate
of the place, and the other a great circle 90° distant CCLXVI.

from it, and which, on the celestial sphere, is called ^' ^'

the Prime vertical. From C set off on CN, the semi-
tangent CP of the co-latitude, in this case 34°, and P
will be the projection of the north pole. From the
same point set off on CN and CS, CJE equal to the tan-
gent of the co-latitude (34°), and CQ equal to the semi-i

tangent of the latitude (56°); then a circle described from
JEasa centre with the radiusjEQ will pass through W,E,
and represent the equator. To project the meridians,

set off from C on CS, or CS produced, CA equal to the
tangent of tlie latitude (56°), and through A draw BD
at right angles to CA. From P, with 60 from the line

of chords, describe the quadrant v n>, and from v set

off on this arch the chords of 10, 20, SO, &c. ; then a
ruler laid between P'and each of these divisions, will

intersect AD in a, h, c, d, &c. the centres of the me-
ridians between S and W. Thus AP will be the ra-

dius of the meridian WPE, 90° distant from the first

meridian NPS ; a P will be the radius of 80 P 100, the
meridian 10° distant from the last, on 80° from the
first meridian, and so of the others. In the same man-
ner may be described the meridians on the other side of
NS from centres in the line AB. In determining the
centres of the meridian, it is convenient to describe the
quadrant v tv with 60 from the line of chords, because
the chords of 10, 20, 30, &c. may be set off from the
same line, without the trouble of dividing the quadrant.
It is not necessary, however, nor indeed is it always
proper, to take that particular radius, as any other will

answer the same purpose ; and the greater it is, the
more accurately will the points in BD be determined,
particularly such as are at a great distance from A.

In the preceding method, the points P, Q, JE, A,
are determined by the lines of tangents and semitan-
gents ; but they may also be found without the help of
these lines thus : Having described WNES, and drawn
NS, WE as before," set off from N towards E, the arch
NP' equal to the latitude of the place {56"), and join
P'W ; the line P'W will intersect CN in P, the projec-

so as to foim anjr required

on tlie intermediate point of

CB are extended so <s to

weights and tli^ nnint , u j u r "">"= uisinmicni is movea rouna, tne two sides

aj^ii the «mJ^ll,„n.
''^'^'''*;' ">« "f'h required. The principle of the insttument depends on "the ptopitty of the circle, that »!l»>8t«ui tie ttme segaeot arc equal to one aaotlier. Ste Geometby. Sect. II. PKor. XVII. avA Di.awino1k8TKVmei.ts.
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ther n;' C q. From W thi-ough the extremities of this

diameter, draw W g and W m, intersecting CS in Q and

CN produced in ce, and bisect le Q ; the point of bisec-

tion will be JE tlie centre, and half the line bisected

will be ^Q the radius of the equator WQE. To find

the centres of the meridians, join Wp', and produce

the line till it meet CS produced in p ; bisect Pp, and

the point of bisection will be A the centre ; and half

the line bisected will be AP, the radius of the meri-

dian WPE at right angles to the first meridian NFS.
The centres of the other meridians are found as be-

fore in BD, drawn through A, at right angles to AN.
In this, as in the equatorial projection, it becomes

difficult to describe the meridians that make small angles

with the first meridian, their centres being at a great

distance from the point A. This inconvenience, how-
ever, will be in a great measure remedied by the fol-

lowing construction.

From C, (Fig. 6.) describe WNES, find JE, P, Q
and A, and draw P'p' and BD, all as in Fig. 5. From
A draw A/ perpendicular to P'/j', and on AC set off

Ag, equal to A/1 From g as a centre, with any radius

as ^A, describe a quadrant AG, and divide it into de-

grees from A towards G. Through g, and every tenth

degree of AG, draw straight lines intersecting AD
in a, b, c, d, &c. and from these points draw straight

lines through C : these lines will intersect the primitive

in the points tlirough which the corresponding meridian

is to pass. Now, as every meridian must pass through
P, there will be given three points in each, viz. 10, P,

170 in the meridian 10° from NS, 20, P, 160 in the next,

and so on ; the circle may therefore be described by
the instrument formerly mentioned in the equatorial

projection. In this construction, the point in AD, next
to A, gives the intersections of the meridian nearest to

NS, and in the method explained in last paragraph the
point next to A is the centre of the meridian farthest

from NS. By a combination of the two methods
therefore, all the meridians may be determined by
means of points at a moderate distance from A.
To project the parallels of latitude, set off from C,

(Fig. 5. ) on NS, the semitangents ofthe greatest and least

distances of the parallel from C, and bisect the part of
NS contained between these points ; the point of bi-

section will be the centre, and half the line bisected
will be the radius of the parallel. Thus let it be re-
quired first to project a parallel to the north of the
given place, as of 70" north latitude. Since the paral-
lel e-xtends 20° on each side of the pole P, and C is 34°
distant from P, the nearest point of the parallel to C is

between C and P 34.°—20°= 14° from the former, and
the opposite or most disUxit 34°-|-20°=34°. From C
therefore, set off towards N the semitangents of 14° and
54° to r and s, and bisect rs; then the middle point of
r s will be the centre, and half the line will be the radi-
us of the parallel reqaiired. Secondly, let the parallel
to be projected be tlie 56th, or that whose distance from
the pole IS equal to the co-latitude of the place. In this
case it is obvious, that the circle must pass through C
on the one side, and on the opposite it will cut CN in
jE, at the distance ofthe semitangent of S4°-f 340=68°.
The distance therefore between C and that point being
bisected, it will give the centre of the parallel. Lastly,
let the parallel be to the south of the given place, as,
for example, that of 30°. Here the distance of the cir-
cle from P IS greater than PC by 60°—S4°=26°, or its
nearest distance from C is 26° towards S, wliile its
greatest distance is 60°+31°s:<)4°. From C therefore.

set off towards S the semitangent of 26° C/, and from Mathemsij

C towards N the semitangent of Pt", Cg, and bisect the c*' Geop
j

distance between these points as before. w^>^l
Parallels of latitude may also be projected, without ^^"^f

the line of semitangents, thus : Divide tlie primitive

into degrees from P' ( Fig. 6.) in both directions, and

through the degree denoting the co-latitude of the pa-

rallel to be projected, draw lines to W, intersecting

NS or NS produced in two points. Bisect the portion

of NS contained between these intersections, and the

circle described from the point of bisection with a radius

equal to half the line bisected, will be the parallel re-

quired. Thus, if straight lines be drawn from the 20th

degree on each side of P' to W, the intersection of these

lines with NS, will give the points r and s, as in Pig. 5.

IV. Bif Globular Projection.

Though we have classed this method of projection

under a separate head, it is, strictly speaking, to be

considered as a modification of the stereographic. As
originally proposed by its inventor De Lahire, it is not

indeed very frequently employed, but it has given rise

to a mechanical method, which, from the facility of

construction, is likely to become more and more com-

mon in projecting maps of the world, on tlie plane of a

meridian. According to Lahire's method, the project-

ing point, as was formerly obsei'ved, is distant from the

surface of the sphere, the sine of 45°, that is, if the

diameter or meridian NS ( Fig. 7.) be equal to 200, the

distance NP of the projecting point P is equal to 70.

Having determined P, divide SW, SE into degrees,

and from P draw straight lines to every tenth di-

vision, intersecting JEW and ^E. Through these

points of intersection, and the two pales N, S, describe

ellipses, and they will be projections of meridians. By
this construction, it is found, that the straight line from

P to 45 in the quadrant SW or SE divides the radius

JEW or JEE into two equal parts ; but to render the

other division of these radii nearly equal, the projecting

point P must be only at the distance of 59| from N, NS
being equal to 200. This equality, however, may be

obtained mechanically thus, without regard to the po^

sition of the projecting point.

From C, (Fig. 8.) with 60 from the line of chortb,

describe the primitive WNES representing a meridian,

and ch-aw the diameters NS, WE at right angles to one

another, the former representing a meridian at right

angles to the primitive, and the latter the equator.

FromW and E set off in both directions towards N and
S, the chords of 10°, 20°, 30°, &c. and divide e^ch of the

semidiameters CN, CE, CS, CW into 9 equal parts, in the

points 10, 20, 30, &c. then circles passing through the

poles N, S, and the divisions of the semidiameters CW,
CE, will be meridians 10° distant from each other, and
circles passing through tlie divisions of the quadrants

WN, ENj and the semidiameter CN, or through the

divisions of WS, ES, and the semidiameter CS, will be

parallels, the former of north and the latter of south la-

titude, 10° distant from one another. These circles

may be described, either by finding the centres, whicli

will always be in tlie diameters WE, NS, or in these di-

ameters produced, and which may be determined from

the tliree given points in tlie circunnference ; or if the

centres be at a great distance from C, by employing

tlie instrument formerly mentioned in the stereogr.iphic

projection. Upon this principle is constructed the

planisphere, Plate CCLXVIII.
Having thus briefly explained the various methods

usually employed by geographers, for delineating on a
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planc the imaptinary lines with wliich they suppose the
surface of tlie earth to he intersected, we miglit go on
to apply the same principles to the projection of the ce-
lestial Bj)here, or the constniction of a map of the hea-
vens. As this, however, does not properly apply to
geography, we shall proceed to take a short view ofthe
comparative defects and merits of the projections now
explained, as applicable to the construction ofterrestri-
al maps.
As the principal object of a planisphere, or map of

the world, is to determine tiie longitude and latitude of
jiarticular places, with their distances and bearings from
each other, and to exhibit a view of the figure, extent,
and relative positions of the diflcrent countries, that
projection is to bepreferrcd, which determines all these
particulars most accurately, and with the greatest faci-
lity. In none of the preceding methods, however, nor
indeed in any other method, are all these properties
united. In tlie gnomonic polar jwojection, as we for-
merly oljserved, the position of any place to be project-
ed, and consequently the situation of a place after it has
been projecteil, is easily determinetl, by applying a line
of tangents to the centre, and making its graduated
edge fall on the degree of the primitive denoting the
longitude. The distance between two places that are
in the same meridian, or under the same parallel of la-
titude, may also be easily ajid accurately determined
from this projection. In the former case, lay the extre-
mity of the line of tangents on the centre, and make its
graduated edge pass through the two places, then the
difference of the numbers on the scale between the two
places will shew their difference of latitude in degrees,
or the arch of a great circle intercepted between them,
from which their distance in miles may be easily ascer-
tained. In the second case, when the places are under
the same parallel of latitude, by laying the ruler suc-
cessively over each, and referring to the divisions in the
primitive, the arch of the parallel of latitude intercept-
ed between them will be deternoined, and the latitude
being known, the length of that arch may be found in
miles bymeans ofthe Table, at page 151. Of the latter,
inilecd. It is to be observed, that the rule holds only in
the case of short distances, when the arch of a parallel
of latitude interceptetl between two points does not
sensibly differ from an arch of a great circle inter-
cepted between the same points. With these advan-
tages, howerver, the projection is in other respects very
detective. The distance between two places, not under
the same meridian or parallel of latitude, can only be
found by an operation far too tedious and complicated
for ordinary use, while countries at a distance from the
pole are vei>y much extended beyond their true figure
and dimensions.

In the orthographic polar projection, the advantages
and disadvantages are nearly the same as in the gno-
monic. The situation of places, and their distance from
each other, when under the same meridian or parallel
ot latitude, are found by means of a line of sines in-
stead of tangents; but the figure and dimensions of
countries at a distance from the pole, are as much con-
tracted below the truth, as in the former case they were
extended beyond it. In the equatorial projection, it is
more difficult than In the preceding methods to deter-
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line of semitangents, that the gnomonic and orthogra- Mathem«tt
phic polar projections do, by means of tangents and ^ Otogr«.

sines. By the fonner may also be readily found the P''y-

distance between places under the same meridian, or if ~ v""^
they are not fiir from each other, under the same paral-
lei of latitude, and it possesses the additional advan-
tage of representing the different countries more near-
ly, according to their true figure and dimensions. In
other respects, it does not materially differ from the
other polar projections.

In the stereograph ic projection on the plane of a me- Equatorial,

ridian, the principal advantages compared with the cor-
responding orthographic projection, are the simplicity
of its construction, and greater accuracy of its repre-
sentations. In neither, however, is it easy to find the
distance between places not under the same meridian

;
nor is it possible to exhibit exactly the different por-
tions of the globe according to their true figure and di-
mensions. In the orthographic, the countries at a cUs-
tance from the centre of the map are very much con-
tracted, and in the stereographic they are considerably,
though not in the same proportion, expanded. The
convenience formerly mentioned regarding the divi-
sion of the globe into the eastern and western hemi-
spheres, is common to both ; and, indeefl, to all projec-
tions in which the primitive coincides with the plane
of a meridian.

The principal recommendation of the stereographic HorizontaJ.
projection on the plane of the horizon, is the facility it
affords of solving a problem which, in all the preced-
ing methods, can only be effected by an operation too
abstruse for the purposes of practical geography. The
problem alluded to is, to find the distance between any
two places on the surface of the globe, whatever may
be their positions relatively to one another. Thus, if it
were required to find the distance between Edinburgh
and any other place, project the sphere on the horizon
of Edinburgh, and construct a line of semitangents
to the radius of the projection; then laying the extre-
mity of the scale on the centre of the map, with its
graduated edge on the given place, the number of the
sciile over the place will be the distance required in de-
grees of a great circle. If the place does not lie with-
in the primitive, that is if it be more than 90° distant
from .Edinburgh, the map may be extended beyond the
primitive so far as to include it; or, what is perhaps bet-
ter, the opposite hemisphere may be projected, and the
distance of the place from the centre of this hemisphere
subtracted from 180, will give the distance required.
By this projection may also be found the angle of po-
sition which any given place makes with the place in
the centre, thus : Divide the primitive or horizon into
degrees from the north and soutli points towards the
east and west ; then applying the scale as before, its

graduated edge will cut the horizon in the angle re-
quired. But though the solution of these problems may
in some cases be very desirable, the horizontal projec-
tion is, upon the whole, very inconvenient for a map
of the world, particularly from the difficulty of deter-
mining, on such a map, the longitude and latitude of
places which do not happen to lie under any of the
meridians or parallels of laUtude. This defect, indeed,
is common to it with the equatorial projections, and itminp ihf lnn,r.>,w „ F

1—--""-6 ...cuious lo llece^^• is common to it witn the equatorial projections, and it

KtSeJrmSanJ^fn^'T P°'»V'^«,^''''^'««
"^ may be observed of them kll in generll, that as it is

Z.?r,„lf.r

\

.v^"^ f"'P*''-'-
To the young impossible to combine in one the whole, or even the

f^ef:efurarSlc^ir^'''^
"" ^^ *"'""''.- Fl-ipal properties of each, we must be itis/ed wUh

ideaof^hee"rthir£Stv '^""^"^ ^ ^^--^ 'J'^tmct gaining one advantage by the sacrifice of another. For Globule.

lacuity of hading the positions of places, by means of a Simplicity of construction, tolerable accuracy in the
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representation of different countries, and facility in

finding the longitude and latitude of any given place,

are the characteristic properties of this projection; and,

to the majority of those who have most occasion to con-

sult such maps, these properties are by far the most
important.

Sect. III. Conslruction ofMaps by Developement.

In the various methods of projecting the sphere, as

explained in the preceding Section, the reader cannot

ti\i\ to observe, that, besides the inaccurate representa-

tion of different portions of the earth's surface, common
in some measure to them all, they are also attended in

practice with considerable difficulty and inconvenience.

Tliis difficulty increases with the scale of the projec-

tion ; and, in the delineation of small portions of the

earth's surface, it becomes so great as almost to prevent

the application of any of them, to the construction of
such maps. To remedy this defect, geographers liave

had recourse to the method of developement, or that

which supposes the earth's surface to be spread out on
a plane. But as a sphere or spheroid is a body that

does not admit of its surface being so extended, it must
be supposed to be converted into some other body, as

much as possible resembling the sphere, and whose sur-

face is at the same time susceptible of such a develope-
ment. The only bodies of this kind with which the
sphere can be at all compared, are the cone and cylin-

der ; and accordingly, both have been employed for
this purpose.

various alterations. In its most improved form, the

construction is as follows.
^

Draw an indefinite straight line NS (Fig. 10.) to re-

present the middle meridian of the map, and from the

point M, near the middle of tlie line, set off on both

sides towards N and S equal distances of any conve-

nient length, to represent degrees of latitude. Suppose,

for example, that the map is to contain 60 degrees of

latitude, viz. from the 20th to the 80th parallel, and
that tliis extent is to be equal to three inches ; then each

degree will be equal to ,'^- or .05 in. ; the point M will

be in the parallel of 50", and the distance of I or .5 in.

set off towards N and S will give the points through
which the parallels of 40", 30° and 20" must pass on
the one side, and those of 60°, 70° and 80° on the other.

The centre C of these parallels will be in the line NS
towards N, and may be found thus.

Let d be the length of the assumed degree of latitude,

I the latitude of the middle parallel, or M, and
d' the length of an arch of 1° to radius 1 ; then

. »,^ cot. / X d
d' : cotan. /: : rf : MC = ~-

.

Now, in this example, d = .05 in., I = 50°, and d' =
3.14159

Klamstt

projecil

Fig. 10!

180
^= .01745329; therefore,

,,^ .05 X cotan. 50
inches.

I. Of the Cone.

General . T^^ principle of this developement, or projection as
principle- it is sometimes called, may be shortly explained thus.

Plate
LetWNES (Fig. 9.) be tlie sphere ofwhich it is proposed

CCLXVI. t° develope any portion, as the fourth part WNE, VVF.
Pig. 9. the equator, SN the meridian at right angles to WNES,

and ML the radius of the middle parallel, or that which
divides the part to be developed into two equal parts in
the direction of latitude, in this case 45". Draw MA
and M'A at right angles to the radii CM and CM', and
meetmg SN produced in A ; that is, make MA and
M'A the cotangents of the latitude of the middle pa-
rallel ; then AM and AM' will be the sides ofa cone, tan-
gent to the sphere at M and M', and of which any zone,
extending to a moderate distance on each side of MM',
may, without any sensible error, be considered as equal
to the corresponding zone of the sphere. From A with
the radms AM describe the arch M m M' ; then, if the
radius CN and the arch M m M' be both divided into
equal parts, arches described from A through the for-
mer will be the projected parallels of latitude, and
straight hues drawn from the same point through the
latter will represent meridians, both at greater or less
distances from one another, accordmg to the number of
divisions. The arch MmW will be the parallel of 45°.
By this projection may be obtained a tolerably accu-

rate representation of a small portion of the globe ; but
when It w extended to a considerable space, as the fourtli
part of the whole sphere, the countries towards the
pole and the equator are extended a great deal beyond
their true limits, in the direction of their latitude. Va-
rious methods of remedying this defect have been a-
^opted or recommended by different geographers ; but
Ihe simplest as well as the most success)\,l, is thatknown by .the name of Flamstead; projection. It was
60 denommated at hrst from its inventor, and it still re-
Xains the name, though since his time it has undergone

.01745329

The computation is performed most conveniently by
logarithms, tlius

:

Log. .05 ^7698970

Log. cot. 50» to Rad. 1 . . . . 1-923813

^1^622783

Log. .01 745329 27241876

Log. MC 0.380907
and MC = 2.4038 inches.

From M, therefore, set off towards N, MC =: 2.4 in.

and from C as a centre through each of the divisions in

NS, describe arches for the parallels of latitude.

To find the meridians, take any parallel, as the mid-
dle one passing through M, and from the table of de«
grees of longitude, p. 151, take the length correspond-
ing to the latitude of the parallel, multiply it by the
length of the assumed degree, and that product again
by the number of degrees to which the map is to ex-
tend on each side of the middle meridian ; the last pro-
duct will express the distance from M at which the ex-

treme meridian will intersect the middle parallel. Thus,
in the present example, let the map extend 40° on each
side of NS ; that is, let it include 80° of longitude,

and the calculation becomes

—

Degree of longitude in lat- 50 64279
Lengthof the assumed degree in inches . .05

Half longitude of the map
.0321395

.
40

1.2855800

From M, therefore, set off on the middle parallel both
ways, 1.285 in. and it will give the limits of the map
on that_ parallel. Corresponding points being deter-
mined, in the same way, on each of the other parallels,
the curves passing through these points will be the
meridians bounding the map on the east and west. To
find the other meridians, divide the arch of each jiaral-

lel between the middle and extreme meridians, into as
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inriny equal parts as tlie nuinlier of meridians wanted tedious calculation, the amplitudes of the other paral- Mathematl-

on each side of NS, nti'! curves drnMii through the lels may l)c determined: hut witliout entering upon'*' f>«>gra-

corre^pondiinj points will l)e the meridians required, these cnlculatinnSj we shall proceed to find what is the P ^^
.

In the above example, each of the arches heinp divided real difference hetween the two methods in point of •
~

into four equal parts, will }>;ive n meridian for every accuracy. In the case of the middle parallel, it has

tenth degree. If the parallels are at such a distance been shewn, that the an^le MCwirr .S0° 38' '2,1'', and
from one another as to render it diflicult to describe joining viM, we have in the isosceles triangle CM»i an
the meridian curves with sufficient accuracy, interme- angle C, and a side mC. If the triangle therefore be
diatc parallels may be described with a pencil point, resolveil, the base m M, or the chord of the arch in M,
and afterwards erased. will be found to be 1.27 in. which gives for the excess

It may be proper to observe, that the preceding me- of the former method .015 in. : an error which in al-

thod of determining the limits of the map on each pa- most all cases may be safely overlooke<l.

rallel, gives the extent somewhat too great, the chord The characteristic property of this projection is, that

of the arch M;n, instead of the arch itself, being assu- all the quadrilaterals formed by meridians and paral-

med equal to 1.285 i«. In ordinary cases, indeed, this lels of latitude have nearly the same ratio to one an-
dift'erence is too small to affect the accuracy of the other on the map, that the corresponding quadrilate-

map, and therefore an expeditious and convenient me- rals have to each other on the sphere. It is also a con«

thod of construction is not to he abandoned, on ac- sequence of this property, that distances on the map
count of an error which is scarcely, if at all, sensible, may be readily and correctly measured by a scale of
The truth of this remark will be obvious from the fol- equal parts. This scale may be constructed as fol-

lowing method of determining the arch of the middle lows.

parallel, by which the length of tlie chord is obtained From any point A (Fig. ] 1.), draw a straight line AB, scale of the

with perfect accuracy. equal to any number of the assumed degrees of latitude, nmp.

As the arch of the middle parallel of latitude Mot, as for example 60, and from the same point draw an P'-ate

(Fig. 9.) is terminated on the sphere, and in the pro- indefinite straight line AC, making any angle with AB. ';' LXVI.V

jection by the same points, but has for a radius, in the Then, suppose the scale is to be divided so as to repre- " * '

former case the cosine, and in the latter the cotangent sent English miles, the whole will contain fig.O+S x CO
of the latitude, the number of degrees which the arch ..^4142.7, or nearly 4140. From any scale of equal
contains in the projection, will be less than the num- parts, set off from A towards C 4 divisions, and .14 of
her which it contained on the globe, or which it re- another division, and let them terminate at D. .loin

presents in the projection, in the same proportion as DB, and through the divisions of AD draw straight

the cosine of the latitude is less than the cotangent, lines parallel to DB, and intersecting AB in the points

Hence, if a denote the amplitude of the arch of the 1, 2, 3, 4; each of these divisions will represent 1000
middle parallel / on the sphere, or the number of de- English miles, except the last, which will be 140, and
grees to be represented between the middle and ex- the distance between two places on the map applied

treme meridian of the map, and a' the amplitude of the to this scale will give their distance in miles,

same arch in the projection, as described from the cen-
tre of the parallel, or the angle which a straight line,

drawn from the extremity of the parallel to the centre, II. Of ihe Cylinder.
makes with the middle meridiai], we have

. The principle of this developement may be explained Q^„g^
cotan. I : cos. l::a:a'^ay. —'—. in a manner analogous to that of the cone. Let WNC, principle

cot- 1 (Fig. 1 . Plate CCLXVI I.) be the eighth part of a sphere,
p, ^^^

"

COS. / sin. / a portion of which it is proposed to develope, and let fcLXVll
toT?"

""
' ^ '^'^'"^ ^ ~ ~T~ '° '*'^''^* »' ^^^^- M"i be the radius of the middle parallel of that jjortion.. pig. "i.

'

a X sin /
Thenif a cylinder A BCN, equal in diameter to the radi-

fore a' =. —, and by logarithms, us of the middle parallel, be partly inscribed in the
''

sphere, and partly circumscribed about it, a zone of the

log. a'r: log. a -|- log. sin. I log. r. cylinder to a short distance, on each side of M m, may
T ^ u ir .1, 1 ••. 1 r- ..1 1 I. be considered as very nearly coinciding with the cor-
Let now half the longitude of tlie map be as above ,„„ i,- „ e^u i, ic^u c ^u c

40°, and let it be required to find the exLmity of the
'^'Vondmg zone of the sphere If the former therefore

middle parallel Mm, (Fig. 10.)
^

l^
developed, or spread out the parallels of latitude will

In this case fl
- 40 and / - -50" therefore

^^ straight lines parallel and equal to M m, and the me-
in tins case «_ 40 ana < _ 50 , tlieretore

^.5^,;^^ ^j„ ^^^ ^^ straight lines, cutting the parallels of
log. a'= log. 40 + log. sin. 50°— log. r. latitude at right angles ; that is, they will be parallel to

Lon- 4,Q _ 1 6O206O one anotlier, and equal in length to the breadth of the

Log. sin, 50* '....'.','.' 884'254 zone. Upon this principle is constructed the Plane
Chart, as follows.

1 1 4863 1

4

Suppose the chart is required to extend from 40" to 60° Plane chart.

LX)s.r 10000000 north latitude, and from 10° west to 10° east longitude ;

_J that is, to contain 20'' of latitude and 20= of longitude.

Log. o' 1.486314 Describe a parallelogram ABCD, (Fig. 2,) making BC Fig 2.
of any convenient length, and AB : BC : : cos. of the

a' , 30''641 = S0°38' 27" middle latitude (50") : radius. Divide AB and BC
each into four equal parts, and straight lines drawn

therefore a straight line drawn from C, and making through these points parallel to BC and AB, will be
an angle with MC = 30° 38' 27", will intersect Mm in meridians and parallels of latitude five degrees distant
the point through which the meridian must pass, whose from one another. If necessary, intermediate parallels
distance from NS =: 40°. By a similar, though a more and meridians may be drawn in the same way.

3,
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Wright's

method.

Plate
cclxviii.
Fig. 3.

It is obvious, from inspecting Fig. 1, that a chart

constructed on this principle may, for a few degrees on

each side of the equator, be tolerably correct ; but that

the inaccuracy increases with the distance from the

equator, and in high latitudes becomes excessive. To
obviate this inconvenience, another method ofdevelepe-

ment has been invented, known by the name of Merca-

tor's projection. In this method, as in the former, me-
ridians and pai-allels of latitude are straight lines cut-

ting one another at right angles, the degrees of longi-

tude being of course the same in all latitudes ; but in

order that the degrees of latitude and longitude may
preserve their true proportions to one another, the for-

mer are made to increase on the map, in the same ratio

that the latter diminish on the sphere. The distances

&om the equator, or from one another, at which the

parallels of latitude ought to be drawn according to this

principle, can only be determined accurately by the ap>-

plication of the fluxional calculus : (see Fluxions,
vol. ix. p. 463 ) ; but an approximation to these distan-

ces may be found as follows

:

Let PE (Fig. 3.) represent the quadrant of a meri-

dian, CE the equator, and DE any arch of PE ; then

DG will be the sine, CG or DH the cosine, EF the

tangent, and CF the secant of the arch DE. Now by
similar triangles (see Geometry ) CG : CD : : CE : CF,
or taking / for the latitude of D, cos. I : rad. : : rad.

:

sec. /. But since circles, or arches of circles, are to one
another as their radii, rad. : cos. / : : an arch of the equa-
tor : a corresponding arch of the parallel I ; or suppo-
sing the earth to be a sphere, rad. : cos. ^ : : an arch of

the meridian : a corresponding arch of the parallel /.

Hence if d represent the length of a degree of the me-
ridian, and d' the length of a degree of the parallel / on
the globe,

sec / : rad, :: d : d'.

But on the map, the natural degree of the meridian d,

must be increased in the same ratio as d' is diminished
on the sphere ; that is, taking J to denote the lengthen-
ed degree of the meridian.

, 7 J » '^ X sec. /
rad. : sec. / : : a : 3= = .

rad.

When rfand rad. are both =1, the formula becomes
3= sec. I; that is, when the natural degree of the meri-
dian and radius are both assumed =1, the length of
any degree of latitude will be expressed by the secant
of that latitude. But no degree of the meridian, nor
indeed any arch of a definite length, can have all the
same latitude I, and therefore in the equation Sr=sec. I

3 is to be understood as the projection of an indefinitely

small arch d, assumed equal to unity. Now any arch
of the meridian DE, is made up of an indefinite num-
ber of such arches, and therefore the projection of DE,
or the distance of the parallel / from the equator, is

equal to the sum of the secants of an indefinite number
of arches, each of which is assumed equal to unity.
This distance, as was formerly observed, can only be
found accurately by fluxions, but an approximation is

obtained by dividing DEinto anumber ofsmall arches,
each being reckoned unity, and finding the sum of
their secants. The greater the number of parts, the
greater also will be the accuracy of the approximation.
This principle was first explained, and applied to the
construction of charts, by Mr Wright in 1599, who de-
termined the distance of each parallel to 1 minute of
the quadrant, by finding the sum of the secants, of all

the arches of 1 minute, from the equator to that paral-
lel. These distances he arranged in a table which is

denominated a table of meridional parts, and which is

still employed in constructing charts, as in the following

examples.

1. Let it be required to construct a chart of the

world, according to Mercator's projection.

Through the point C (Fig. 4-.) intended to be the cen-

tre of the map, draw two indefinite straight lines WE,
NS at right angles to one another, the former repre-

senting the equator, and the latter the first meridian.

From C by means of any convenient scale of equal

parts, set off towards W and E, 1 8 equal parts, each
representing 10 degrees of longitude. Find then, in

the Table, the meridional parts, corresponding to 10",

20=", 30°, &c. divide each by 60, and taking the quo-
tients from the same scale of equal parts, set them from
C towards N and S ; then straight lines drawni through
the divisions of WE parallel to NS will be meridians,

and straight lines through the divisions of NS parallel

to WE will be parallels of latitude, 10* distant from
one another. Upon this principle is constructed the

chart of the world, Plate CCLXIX.
2. Let it be required to represent only a portion of

the earth's surface, as for example from 0" to 50° W.
longitude, and from 30" to 60° N. latitude.

Draw AB (Fig. 5.) to represent the parallel of 30°,

and from the extremity, erect the perpendicular BC for

the first meridian. From B, by means of any conve-
nient scale of equal parts, set off five divisions, towards
A, and from these points erect perpendiculars for the

other meridians, lO" distant from each other. Take
then from the Table the meridional parts corresponding
to 40", 50°, and SO", subtract from each the meridional
parts corresponding to 30o, the lowest parallel of the

chart, and divide the remainders by 60° ; the quotients

taken from the same scale of equal pai'ts, and set from
B to C, will give the distances of the respective parallels.

Thus, to find the distance of the parallel of 40"

:

Meridional parts of 40o 2622.7
Meridional parts of 30" 1888.4

Klatheai

col Gea
phjr<

Chart ot

world m
MercaW
projectii

Plate
CCLX
Chart c

portion

the ear

734.3

734.3
and —^^ =12, 24 parts of the scale from which the

divisions ofAB were taken.

To facilitate the construction of charts according to

this projection, the flat rulers commonly called Gunter's

scales, are provided with two lines adjacent and parallel

to one another marked Mer. and E : P, the first being
meridional parts, previously divided by 60, so as to re-

duce them to degrees, and the second a scale of equal

parts, or degrees of longitude, corresponding to the la-

titudes on the other. Hence, if the longitude of a chart

be taken from the line E : P, the distance of any paral-

lel from the equator is found by extending the com-
passes from the extremity of the Ihie Mer. to the num-
ber dejioting the latitude, and applying that distance

from the commencement of the line E : P. In like

manner to find the distance between any two parallels,

take the distance between the latitudes on Mer. and
apply it to £ : P. Thus the distance between the pa-

rallels of 30" and 40" on Mer. will be equal to 12.24

on E : P, the same as in the preceding example.

Such is the principle of the method, originally in-

vented by Wright, and still frequently employed, in

constructing a chart, according to Mercator's projec-

tion. It was soon discovered, however, and subse-

quently demonstrated by Gregory and Halley, that the

meridian line, divided according to this principle, be-

comes a line of logarithmic cotangents, to half the co-

1

Impi
ment

I
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latitudes of the tlifferent parallels, deducting radius from

each; that is, C HO (Fig. 4.) reckoning from C towards

1)0—- 'My
N, is the log. cot. '-

—

^,
or 35", = log. tan. 55°

;

C 40 = log. cot

2
90'— 40"

or 25", = log. tan. 65°, &c.

always deducting radius. Advantage has accordingly

been taken of this principle, by adapting a line of such

Uuigents to the construction of charts. This line is to

be found on the common Gunter's scale, adjacent to the

line Mer. and marked Tan. Like the former, it com-

mences on the right hand, and is constructed on the fol-

lowing jjrinciple.

As radius is to be deducted from each tangent, before

transferring it to the scale, and as ail tangents below

45° are less than the radius, none less thijn that of 45°

can be exhibited on tlie line. Nor, indeed, is any less

tangent necessary, as half the colatitude never can be

greater, or, which is the same thing, the complement

of half the colatitude, never can be less than 45°. From
the extremity of the line, therefore, which is marked
45", the logarithmic tangents of all the arches greater

than 45", detlucting radius, are set off towards the left

hand, and numbered at every tenth division, 50, 60,

70, &c. But the logarithmic tangent of any arch, as

90°— 10°
50'= log. cot. 90' — 50° or 40° =log. cot. —— =

log. cot. of half the colatitude of 10°,

00° — 20"
tan. 55" = cot. 35"= cot.

In like manner,

= cot. of half the

oBstnie-

nf a

I'l' lon-

.-les.

coLititude of 20°, and so of others. To facilitate, there-

fore, the application of the line, the divisions marked
50, 60, 70, &c. are also numbered 40, r>0, 20, &c. by
•w'hich means they exhibit at once the half colatitudes,

to which the tangents 50, 60, 70, &c. are cotangents.

Hence the following simple rule, for finding the pro-

jected distance of any parallel of latitude, from the

equator.

Extend the compasses from the extremity of the line

45, to the number denoting half the colatitude of the

parallel, and it will be the distance required. Thus,
the distance of the parallel of 20° is found by extending

the compasses from 45 to = 35, and so ofany

other. Hence also, to find the projected distance be-

tween any two parallels, take the distance between the

numbers denoting half the colatitudes of each ; thus
the distance between the parallels of 20" and 40" on
the chart= the distance between 35 and 25 on the

scale.

But though the distances of the parallels, or the lengths

of the degrees of latitude, are thus readily found, it is

obvious that these distances must correspond to some
particular scale of longitudes. In order, therefore, to

construct a chart by the line of tangents, it becomes ne-
cessary to detciTnine the length of the degree of longi-

tude which corresponds to that line, and which may oe
found thus.

Take from the line Mer. any latitude whatever, as
37" 6', and applying that distance to the line E : P,
mark the corresponding length, which in this case will

be 40 ; or divide the number opposite to 87" 6' in the
table of meridional parts, which is 2400, by CO, and
mark the quotient, viz. 40. From 45 on the line Tan.
extend the compasses to halfthe colatitude of 37" 6', the
assumed latitude, which is 26" 27' ; apply this distance
to any scale of equal parts, as of 1 inch, and divide the
corresponding distance, which in this case will be about

li'OL. .X. FAKT T.

3.4 in. by 40, the number found on M : P, or from the MsihmMU-

table corresponding to the assumed latitude ; the quo- ""
S,***'*"

tient, in the present instance .085, will be the length .^Jl^^'^.

of a degree of longitude, corresponding to the almve la-

titudes, in terms of the unit of the scale of equal parts,

viz. inches. Hence, if the distances of every tenth pa-

rallel be taken from a line of tangenU of the dimension

supposed above, every tenth meridian will be found by

setting off on the equator, or on any parallel of latitude,

divisions each equal to .85 in.

It follows, from the meridians in this projection being

parallel to one another, that the rhumb-lines, which on

the globe are spirals continually approaching the poles,

are represented on the chart by straight lines ; a pro-

perty which renders this construction of vast import-

ance in navigation. See Navigation.

The only other projection that we shall notice, as Consiruc-

connected with the subject of the present Section, is'ionofgort*

the construction of gorcj, for covering globes, each of
"ob^*^""*

which may be considered as a developement of a small ^

portion of the surface of the sphere, extending longi-

tudinally, in the direction of the meridian. We for-

merly observed, in treating of the construction ofglobes,

that in an indefinitely small portion of the sphere,

jENQS(PlateCCLXV. Fig. 7-), iEQ and a c, portions of ^j';*^^_

the equator and a parallel of latitude, may be regarded
j,,g ,f_

as straight lines, perpendicular to MN. In practice,

however, the gore is not taken so small as to warrant

this assumption ; and therefore these lines are really

portions of circles. The following method of project-

ing gores, has been recommended by several eminent

aitists, as well as astronomers.

Draw a straight line jEQ, equal to the breadth of the

intended gore at the equator, which is generally tt
of the whole circumference, and bisect it by a perpen-

dicular MN, equal to \ of tlie circumference. Divide

MN into 9 equal parts, and through each, from points

in MN produced, with radii equal to the cotangents of

their respective latitudes, to rad. MN, describe arches for

the j)arallels of every 10th degree. From each of the

divisions in MN, and with radii equal to the fractions

opposite their respective latitudes in the Table, p. 151,

multiplied into the length of M/E, describe arches in-

tersecting the parallels, on both sides of MN ; then the

curves N a JE, N c Q drawn through these divisions,

will be the meridians distant from one another iV of

the circumference, or 30", that is the segment of the

gore Ma's cQ applied to the globe will cover tV of a

hemisphere. The same operation repeated will give

the other gores, after which the different portions of

the earth's surface, or celestial sphere, are to be delinea-

ted as on any other maps. The globe, as was formerly

observed, is generally covered in this way, from the

equator to the parallel of 70" or 80° ; but the space

round the pole is projected on one circular piece, whose
radius is equal to the sine of its distance from the polej

It is hardly necessary to observe, that neither by this,

nor any other method, can gores be constructed, so as

accurately to cover any given portion of a sphere. It

is even found that the dimensions of the different

pieces, undergo a considerable alteration in consequence

of their being moistened, for the purpose of being fixed

on the globe. The best method of correcting these ir-

regularities, is by enlarging or diminishing, as may be
necessary, the size of the globe itself.

Sect. IV. Conslniclion of Maps representing tmaU
Portions of the Earth's Surface, and the Method of
filing up the Outlines of Maps in general.

Though the various methods of projection, explain-

ed in the course of this article, are sufficient for the c«n-



170 GEOGRAPHY.
M»thfmari- struction of any kind of maps, yet when it is required

lal Gcogra- j^ represent a small portion of the earth's surface, and
P-'y- , to exhibit the different parts nearly in their true pro-

''""'f'''^ portions, the following is perhaps the most convenient,

as well as the most accurate of any.

Suppose it is required to construct a map, extending

from 50° to 60° N. Latitude, and from 3° E. to 7' W.
Longitude.
Draw an indefinite straight line AB (Plate CCLXVII.

CCLXVII. Fig. 6.) for the parallel of 50", and from a point C
Fig. 6,

Natural lU-

visions of

tile globe.

Continents.

near the middle of the map, erect a perpendicular for

the middle meridian, or that of 2" W. longitude. From
C set off to D 10 equal parts, taken from a scale of any

convenient length, as inches, to denote degrees of lati-

tude, and through D draw EF parallel to AB, for the

parallel of 60". Take from the Table, p. 1 51, the frac

tion corresponding to 50", which is .64:279 or .643 near-

ly, and it will be the length in parts of the same scale,

in this case inches, to be set off from C towards A, and

from C towards B for degrees of longitude. In like

manner, take the fraction opposite to 60" in the Table,

which is .5, and it will give the length to be set off from

D to E ami from D to F. Then lines drawn through

the divisions of CD, parallel to AB, will be parallels of

latitude, and lines joining the corresponding divisions

in AB and EF will be meridians. A scale of miles

adapted to the map, may be constructed as formerly

explained under Flamstead's projection.

Of tlie objects to be delineated on a map, or of the

method of representing them, it will not be necessary

to say much, as such details must be familiar to all our

readers. The great natural division of the globe, is into

laud and water. The subdivisions of the former are

continents, or large tracts containing several kingdoms

and states, as Europe, Asia, Africa, and America, and
islands, or smaller tracts, wholly surrounded by water,

as Britain. A tract of land, surrounded with water on

all sides but one, whatever be its extent, is called a

peninsula, as Spain and Africa ; and the side by which
it is united to other land, is called an isthmus, as the

isthmus of Suez, which joins Africa to Asia. A point

of land running into the sea is called a cape, promonto-

ry, or head-land. The subdivisions of tlie water are

oceans, or those large collections which surround the

continents, and which are usually reckoned five, viz.

the Northern, Southern, Atlantic, Pacific, and Indian

;

and seas, or those branches of the ocean which intersect

tlie continents, as the Baltic and Mediterranean. When
a narrow branch of the sea, or ocean, projects far into

the land, it is called a gulf, as the Arabian Gulf, and a

bai/, when its entrance is wider, as the Bay of Biscay.

The canal that unites a gulf with a sea or an ocean, is

called a strait, as the Straits of Babelmandel and Gib-
raltar. All these divisions are traced out on the map,
by a crooked or waving line representing the coast,

from which small parallel lines are drawn towards the

water, of about a tenth, or sometimes two tenths of an
inch in length. These lines, while they render the se-

paration more distinct, have also the effect ofmaking the

sea appear to project from the surface of the niap. In
charts, or maps chiefly intended for representing

coasts, harbours, &c. the direction of the parallel lines

is reversed, which gives to the land the appearance of
projecting. Tlie latter seems to be the most natural re-

presentation. In modern maps, the parallel lines are
generally drawn quite across the sea, from coast to

coast, by which the division of land and water is ren-
dered still more distinct. In representing mountains,

i;i;i/xvil. geographers formerly employed vertical sections, as A
Vig. 7. (Fig. 7.) but of late, the bird's eye view is more fre-

quently used. This consists in small waving lines, as

Islands.

Tenineula.

Ulhmuik

Tupe.

Oce»n».

Seas.

GiJf.

Bay.

Strait.

Method of

represent-

ing these

wubdivi-

B, diverging from a point, the point representing the Mnthenutf.

summit, and tlie lines the declivity of the mountain. "'
pif"^™"

Rivers are represented by waving lines, roads by crook- ^.S^^^
ed lines, either single or double, and towns by small

circles, varying in magnitude, according to the size of

the towns themselves, and the scale of the map.

As the reduction of maps from one scale to another,

is frequently a problem of importance in practical geo.

graphy, we shall point out a method of making such »

a reduction, which, if not extremely accurate, deserves

to be noticed for its simplicity.

Let ABCD (Fig. 8.) be a given map, and abed a. Method »f

similar figure of a reduced size, upon which it is requi- reducing

red to lay down points corresponding to E,F,G, H, and niaps.

to trace a line corresponding to the line LMN. Di- *'& ^

vide ABCD into any number of equal squares, or paral-

lelograms, by straight lines parallel to AB and AD,
and divide abed also into the same number, by lines

parallel to a b, ad; then, by comparing the correspond-

ing parallelograms, points e,f, g, h may easily be found

occupying very nearly the same positions in abed, that

the points E, F, G, H do in ABCD, and aline Im n

may also be traced, differing little in its direction from

L^iN. This method may be advantageously employ-

ed for filling up the details of a map, after the princi-

pal points have been determined by some more accu-

rate method. For the use of the pentagraph, in redu-

cing maps, seethe article Duawing Instruments, vol.

viii. p. 129. See, for the construction of maps. Precis

(k la Geographic Universelle, par M. Malte Brun, torn,

ii. Paris 1812; Memoires sur la Projection des Carles

Geographiques, par M. Henry, Paris 1810; Lorgna,

Principii di Geograjia, Verona 1789 ; Playfair, OuUines

nf Natural Philosophy, vol. ii. p. 6G, &c.

PtATE

Sect. V. On the Determination of the Longitudes and
Latitudes of Places on the Earth's Surface.

In the preceding Sections, we have pointed out the

various methods which may be employed in delineating

the whole or a part of the earth's surface, either upon a
sphere or upon a plane. Before a map, Iiowever, can
be completed, it is necessary to have the exact position

of various places in reference to the equator, and to

some fixed meridian ; and hence the determination of
the longitudes and latitudes of places by astronomical,

trigonometrical, or chronomctrical observations, is one
of the most important operations in geography.
We have already pointed out in our article Astro-

nomy, the method of making these observations by the
aid of the planets or the fixed stars ; and in our articles

Navigation, Surveying, and Timekeeper, we shall

have occasion to consider the method of determining
longitudes and latitudes by trigonometrical instruments,

and by chronometers. We shall, therefore, conclude
this article with a Table of geographical positions, ex-
hibiting the latitude of the principal points on the earth's

surface, and their longitudes, or difference of meridiam^
ill relation to the observatory of Greenwich.

This Table, which is by far tlic most correct tliat hu
ever been published, has been taken prrncip;illy from the
Connoissance des I'ems for 18 16, and contains the results

of the best observations which have been made by astro-

nomers and navigators, and by those eminent individua

als who have from time to time been employed in mea-
suring degrees of the meridian. We have corrected

many of the positions, and have added more tiian two
hundred new places in Englwid and Scotland, from the
accurate observations of Colonel Mudge and Captain
Coleby. No place is inserted, unless its position has
been actually determined either by astronomical, trigo-

tiometrical, or chronomctrical observation.
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TABLE OF LONGITUDES AND LATITUDES,
AS DETERMINED BY

Astronomic*!, Trigonometrical, and Chronometrieal Observations.

Nwnei of Placet. Latitude.

Wath.'inati-

Ul Crogra-

Longitude.

/ //

Namet of Places. Latitude. Longitude.

Aalborg ....
Aarlms ....
Aberystwith Station

Abbeville ....
Aberdeen
Abo
Acijnilco

Actopan . ....
Adt.lsberg

Admiralty Island . . .

Adria
Adventure bay ....
Aersclioot

Agde
Agen
Agero fort

Agi-ia

Ahus
Aifhstadt

Aigues-Mortes ....
Air point lighthouse* • .

Aire
Aix ....'...
Aix, Isle of

Ajaccio

Akerinan
Alais

Alaiisi

Albiino

Albans, .St Peter's steeple

Albemarle Isle, N. W. point

Albi

Alboran, Isle of ... .

Alcala de Henarez . . .

Alcmaer
Aleppo
Alet

Alexandretta

Alexandria
Algiers, the lighthouse

Algesiras

Alicante

Almaguer
Almeria
Alost

Altavela Isle ....
Altdorf

Altenrode

Altciigaard

Amasreh
Amboyna, Isle of . . .

Ambrira, Isle of • . .

Amiens
Amlwch steeple . . .

Amsterd.im
Amsterdam, Isle, west point

Anchorite Islands . . .

Ancona
Andover steeple . . .

Andujar
Anegada, Isle, south-east pt.

57 2

56 9
52 45
50 7
57 9
60 27
16 50
20 17

^o 38
2 11

4-5 2

43 21

50 59
43 18

44 12

59 1

47 53
55 55
48 . 53
43 33
53 21

43 41

43 31

46 1

41 5.5

46 12

44 7
2 13

41 43
50 45

2

43 55
35 57
40 28
52 38
36 11

42 59
36 35
31 13

36 48
56 8

38 20
5 54

36 51

50 56
17 28
47 45
51 51

69 55
41 46
3 41

16 9
49 53
53 23
52 22

37 47
1

43 37
51 12

38 I

18 43

32 N
35 N
29 N
4N
IN
ION
19N
£8N
ION
45 S
57N
29N
15N
40N
22 N
ON
54N
30 N
SON
58 N
28 N
52 N
48N
38 N
IN
ON

22 N
22 S
50N
19N
ON

46N
ON
40N
2N

25 N
.39N
27N
5N
36N
ON

41 N
29N
ON
18N
UN
8N

29N
ON
3N

41 S
30 8
41 N
ON
17N
46 8
OS
54N
39 N
32N
48N

9 56
10 14

4 S
1 49
2 8

22 20
9.0 48

98 49
14 23
146 12

12 3

147 23
4 49
3 28

36
10 .55

20 21

14 16
II

4
3

41 E
5 E
19W
58 E
OW
15 E
1«W
OW

25 E
2E

55 E
E
E
E
E
E
E
E

10
11

18

15

26
10

8 44
30 44
4 4

79
12 38

19

91 30
2 8

37 10
2 15

36 15

29 50
3 1

5 26
28

76 55
2 31

4 2
71 38

9 34
10 43
23 4
32 24
128 7

167 51

2 18

4 19

4 53

77 25
145 25
13 39
1 28
3 59

64 22

55
46
10
35
15

45
20
30 E
22 E
35W
i>.6W

47 E
4lW
4 E
OE
25 E
15W
15 E
3lW
OW

33 E
40W
22W
45 E
15 E
21 E
15 E
45 E
20 E
12W
35W
2W
OW

13 E
45W
15 E
53 E
15 E
24 E
20 E
86 E
11 E
17W
15 E
11 E
6 E
7E
19W
33W
50W

28

26
4

30
2

40
1

31

Angelos, los 19

Angers 47
Angoideme 45

Anguilla, Isle, west point 18

Anguille, cape . ... 47
Anliolt, lighthouse ... 56
Aniwa, cape 46
Anna-Maria harbour . . 8

Annabon, Isle of,north point 1

Annan spire .... 54
Ann's, St, Hill .... 51

Ann's, St, lighthouse . . 51

Anson's Island .... 5
Anstey, East, steeple . . 51

Anstruther, West, spire . 56
Antibes 43
Anticosti, Isle of ... 49
Antigua, fort Hamilton . 17
Antongil, bay of ... 15
Antwerp 51

Aor, Isle of 2
Apenrade 55
Apt 43
Apure, mouth of the river 7

Aquileia 45
Aquin, bay of ... . 18

Aranda on the Douro . . 41

Aranjuez 40
Archangel 6^
Ardenbourg 51

Arendal 58
Arensbourg, Isle of CEsel 58
Argental, Cape .... 42
Arica 18
Aries 43
Arona, the statueof St Ch. 45
Arras 50
Asaph, St, cathedral . , 53
Ascension, Isle of . . . 7
Ashwell spire .... 52
Asinara, Isle of, tlie summit 41
Aspoe, Isle of ... 61
Assenede 51
Assise 43
Astorga 42
Astracan 46
Ath 50
Athens 37
Atherington steeple . . 50
Atoiir, Isle, road of Ouimea 21
Atures 5
Auch 43
Augsburg 48
Aurich 53
Aurora Isle 15
Autun 46
Auxerre 47
Aveiro 40
Aves, Isle 15
Avignon 43
Avrancbes 48 41 23 N

15 N
9N

38 57N
12 6N
55 ON
44 20N
2 20N
56 .32 8
25 S
59 23 N
41 39 N
40 59N

30 S
1 38 N

13 .33 N
34 43 N

ON
30N

27 23 S
13 16N

ON
57N

52 29N
36 '23 N
45 32N
13 48N

12 N
54N
40N

16 27N
27 ON
15 9N
23 25N
26 40 S
40 31 N
45 53N
17 34N
15 28 N

OS
32 N
4CN
20 N

13 42 N
4 22 N

27 9 N
21 12 N
42 17 N
58 IN
59 26 N
57 ON
38 34 N
38 .39 N

46N
12 N
OS

56 48 N
47 57 N

18N
18N
8N

57
2
5

13

21

28
8

38
50
57

98 2

33

9
63 12

59 23
11 38

143 30
139 39

5 45
3 14

5 8

5 9
154 35
5 36
2 41

7 7
63 37
61 54
53 23
4 24

104 40
9 26
5 23

66 36
13 23
73 20
3 39
3 36

40 43
3 26
8 50

22 27
n 9
70 11

4 37
8 33
2 46
3 25

IS 58
9

8 17
4 45
3 45

12 35
6 10

48 2
3 46

23 46
3 59

i.';9 39
67 59

85
10 54

7 27
167 68

4 17
3 34
8 38

63 38
4 m
6 2

3OW Mathenati-

qYV cal Gcogra.

16 E P''''-

2W
5W

51 E
20 E
OW

15 E
45W
53W
I9W
OE
15W
.37W
50 E
55W
45W
30 E
10 E
15 E
38 E
52 E
15W
OE
52W
42W
I5W
30 E
56 E
25 E
45 E
39 E
5W

47 E
8 E

25 E
44W
45W
23W
34 E
55 E
18E
28 E
IW

45 E
.32 E
14E
40W
15W
OW
HE
42 E
22 E
6E

59 E
21 E
45W
2W
30 E
BW
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Names of Places. Latitude.

Mathemsti- Aveilli 46
wl Geogta- Avatcha, Bay of ... 52

^J'^, Axedge 53
~

' ~ Axholme steeple ... 53
Ayavaca 4
Aylesbury steeple ... 51

B
Baba, Cape 39
Ba^aim 19
Bagdad S3
Bajoly, Cape 40
Balada, harbour of Bougiou6 iO
Balaguer 40
Baldock telegraph ... 51

Balsham steeple ... 52
Baraborough castle, flagstaff 55
Baradello 45
Barbadoes, Bridgetown . 13
Barbary point .... 1

5

Barcelona, New .... 10

Barcelona, tower of Montjoy 41

Barfleur lighthouse . . 49
Barlingues Isles . . . Sy

I

Barnaould 53
Barnaby moor . . . . St
Bartina 41
Bashee Isles, Grafton . . 21

Basle 47
Bass Rock, highest point 56
Bassano 45
Bastia 42
Batavia 6
Bath 51
Bald, Cape 51
Bayeux 49
Bayonne 43
Bazas 44
Beachyhead 50
Beaconsfield spire ... 51

Bebbinglon spire ... 53
Beauvais 49.

Bees, St, Head lighthouse 54
Behring, Isle . ... 55
Belleisle 47
Bembridge 50
Benavente ..... 41
Bencoolen 3
Bender 46
Bergamo 45
Bergen-op-Zoom ... 51
Bergen 6'0

Berlin 52
Berne 46
Berry, Isles, the one most S.E.25
Berryhead 50
Berwick spire .... 55
Besan^on 47
Beziers 43
Bidstun lighthouse . . 53
Biggleswade spire ... 52
Biorneborg 61
Birch, Bay of .... 48
Bizati, liarbotT .... 37
Blackl)ead 50
Blankenburg . . , . ci
Blenheim I'alace ... 51
Bletchworth . . . • . 51
Blois 47

1

10 8 N
51 45 N
14 ON
29 27 N
37 51 S
49 3 N

30 15 N
19 ON
19 40N
2 45N
16 41 N
59 SON
58 36'

N

8 13N
36 42 N
47 13 N
5 ON

53 ON
6 52N

22 44 N
21 N
6N
ON
SIN
53 N
ON
34 N
53 N
34 N
36 N
OS

22 SON
39 45 N

34 N
15 N
5.5 N
24 N
SN
55 N
7N
55 N
ON
I7N
I5N

59 56 N
49 16 S

50 32 N
41 51 N
29 44 N
24 ON
31 45 N
56 55 N
30 45|N
24 IN
46 21 N
13 45N
20 SIN

6N
12N
SN
SON

18 27 N
1 12N

47 53 N
50 29 N
14 35 N
35 SON

Longitude.

f If

5 OE
158 46 45 E

1 56 27VV
50 40W

79 41 5 E
48 4lW

Names of Places.

40
25
20
33
42

4
33
4

45
41
12

16

29
25
44
36
20
26
30
36
17
40

25 51

72 40
44 24
3 52

164 25
59
10

20
1 42

9 5
59 40
16 31

64 44
2 9
1 15

9 29
83 29
1

32
121

7

6
14

35
2 37
11 44

9 26
106 54
2 21

55 27
41

1 27
12

15

38
2 59

5

37
2
3

167 46
3 4
1

5 39
102 10
29 46
9 40
4 17
5 20

13 22

24
5

29
53

7

78
3

1

6
3
3

26
1

28

59
2
13
3
15

21 43
122 26
22 54
5 3

10 57
1 20

14

1 20

40 E
15E
45 E
5E
32 E
15 E
35W
3E
8W

44 E
OW
OW
SOW
57 E
15W
57W
OE
58W
OE
15E
27 E
47W
50 E
45 E
IE
15W
35W
56W
26W
32W
12 E
OW
32W
OE

24 E
15E
45W
OW
28W
45 E
15E
26 E
23 E
40 E
15 E
15 E
38W
14W
41W
45 E
OE
46W
55W
5E
15W
3E
59W
15 E
45W
39W
16 E

Latitude, Longitude.

r, I It O / "

4 ^4. 4^ E Mathemati.

151 50 35W
156 50 15 E
11 21 30 E
3 48 SW

72 38 15 E
4 55 10 E

131 1 59 E
9 9 16 E

31 24

W

5 20 33 E
174 34 45W
70 58 45

W

151 23 15 E
122 4 54 E
4 58 49 E.

43
51

50
12
5

52
27
6

27
14

Blomoe 60 31 55 N
Bojador, Cape . . . . 26 12 30 N
Bolabola, Isle . . . . 1 6 32 SOS
Bolcheretz 52 54 30 N
Bologna 44 30 12 N
Bolt Head 50 13 15N
Bombay 18 56 40N
Bommel 51 48 53N
Boni, harbour of . . . 2 30 S

Bonifocio 41 23 ION
Boothby steeple ... 53 7 7 N
Borchloen 50 48 17 N
Boscawen and Keppel Isles 1 5 53 OS
Boston 42 22 UN
Botany Bay 34 S
Botol, Isle of, east point . 21 46 38 N
Bouc, the tower of . . . 43 23 31 N
Bouca. See Anson's Island.

Boulogne 50
Bourbon Isle, St Denis . 20
Bourdeaux 44
Bourg de I'Ain .... 46
Bourges 47
Boutin, point . ... 51

Bouton, the town of . . 5

Bozzolo 45
Brandenburg .... 52
Braunau 48
Bray steeple .... 51
Breda 51

Bregan9on, fort of . . . 43
Bregentz 47
Bremen 53
Brescia 45
Brescou 43
Breslaw 51

Brest 48
Briel 51

Bridgewater . . . . 51
Brighton 50
Brill, rock of ... , 6
Bristol 51
Brixen 46
Brocken, Mountain . . 51

Brouage 45
Bruck 47
Bruges 51

Brunn 49
Brunswick • .... 52
Brussels 50
Buda 47
Buenos Ayres .... 34
Buga 3
Bucharest 44
Buckingham spire ... 51
Burgas 40
Burgeo, Isles of ... 47
Burgos 42
Button Isle 60
BwlchMawr .... 53

C
Cabrera, middle ofthe Isle of 39 7 SON 3 20 E
Cadiz, observatory . . . 36 32 ON 6 17 22W
Cader Idres 52 42 2 N 4 28 3W
Caen 49 U 12N 21 38

W

Caffa 45 6 SON 35 12 45 E
Cagliari 39 13 9N 9 5 45 E
Cahors 44 25 59N i 27 17 E

37N
43 S
14N
26N
4N
ON
53 S
4N
ON
ON

80 33 N
35 2SN
5 28 N

30 SON
4 S8N

32 SON.
15 2lN
6 SON

23 14N
15N
41 N
S2N
OS
6N
ON

48 29N
52 3N

34N
33N
28N
43N
59N

29 44N
35 26 S
55 20N
26 45N
59 53 N
14 SON

30N
59N
ON
19 N

54

7

49
5

27
40

24
12
11

15

50

35
20
35

1 36

55 30
33

5 IS

2 23
141 48

122 29
10 29
12 53
12 56

41

4 46

6 19
9 43

8 48
10 14

3 27

17 2
4 28
4 9
2 59

7
lis 51

2 35
11 37
10 36
1 3

15 15

3 13

16 35
10 29
4 22

19 2
58 SI

76 21
26 8
o 59
26 27
57 S6
2 40

64 19
4 19

59 E
15 E
59W
45 E
55 E
15 E
37 E
36 E
15 E
45 E
53W
36 E
21 E
55 E
OE
9E
8E

18 E
45W
51 E
39W
40W
15 E
29W
15 E
35 E
45W
41 E
33 E
21 E
SOE
15 E
SOE
OW

50W
15 E
5W
7E
OW
15W
45W
46W
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Names of Places. Latitude. Longitude. Names of Places. Latitude.

'- Cairo SO 5
"" Cajaneburg 6t 13

• Cajeli, Bouro Isle ... 3 22

Calais 50 57

Calcutta 22 34

Callao, port of .... 12 3

Calmar 56 40

Cal-shot Castle .... 50 48

Calvi 42 34

Ciimbray 50 10

Cambridge, Trinity spire 52 12

Camerino 48 &
Caminha 41 52

Cainpeachy 19 50
Cananore 11 51

Canclia, town of ... 35 1

8

Canea 35 28
Canigon, mount . . . 42. 31

CansaU;, harbour of . . . 45 20
Canton 23 8

Canterbury 51 18

Canzer, cape . . . . 36 17

Cape Franjais, town . . 19 46
Cape Frangais, Old . . 19 40
Cape of Good Hope . . 33 55

Cape Blanc 20 55

Ditto 47 16

Ditto 33 II

Cape North 54 31

Cape North in Europe . 71 10

Cape North east of Asia . 68 56
Cape Vcrd 14 43
Capo d'lstria, town . . 45 30
Capraj.i, isle of .... 43
Caprera, isle . . . . 41.12
Caraccas 10 30
Carcassonne 43 12

Cardigan steeple . . . 52 4
Carlaverock castle . . . 54 58
Carlota 37 39
Carlsburg 46 4
Carlscrona 56 6
Carlsham 56 10

Carmona . . . . . . 37 28
Carolina 38 17
Carpentras 44 3
Carpio ...... 37 56
Carthagena 10 25
Carthagena 37 35
Carwar, cape . . . . 14 47
Casal-Maggiore .... 44 59
Casbin 36 11

Cashel 51 19
Casletnaudari . . . . 43 19
Castiglione, fort . . . 42 45
Castres 43 37.

Castries, bay of ... 51 29
Catherinesburgh . . . . 56 50
Cavada ...... 43 20
Cavaillon 43 50
Cavan 53 51
Caxamarca 7 8
Cayenne 4 56
Cayman Great . . . . 19 19
Cayman Chico . . . . 1 9 42
Cayos, town of . . . . 18 11
Cayo d'Argan, N. E. . . 20 31
CayoAcore . . . . , 80.29

21 N 31 18 45 E
SON 27 45 .30 E
33 S 127 2 49 E
.32N 1 51 16 E
45N 88 31 45 E
9S 77 14 15W

30 N 1() 26 15 E
13 N 1 18 6VV
7N 8 45 16 E

37 N 3 13 47E
45 N 7 42E
26 N 13 24 18

E

42 N 8 43 57W
45 N 90 30 SOW
ON 75 24 15

E

45 N 25 18 15

E

45 N 24 12 45

E

7N 2 27 23 E
7N 60 54 45W
9N 113 2 45E

26 N 55 8 E
SON 35 40 15 E
20 N 72 17 55W
SON 70 1 15W
15 S 18 24 OE
30 N 17 9 45W
OS, 65 59 15W
SON 35 7 15

E

30 S 73 16 14W
ON 26 45E
ON 180 48 45 E

45 N 17 30 .30W
36 N 13 42 48 E
18N 9 48 13 E
46 N 9 28 2S E
50 N 67 4 45W
54 N 2 21 OE
59 N 4 38 18W
41 N 3 SO 41W
41 N 4 56 35W
21 N 23 34 30 E
57 N. 15 33 OE
40 N 14 51 OE
IN 5 39 59W
5N 3 36 13VV

28 N 5 2 43E
37 N 4 29 26VV
18N 75 29 45W
50 N 1 2lW
ON 73 56 15

E

12N 10 25 38 E
ON 49 33 15 E
20 N 9 35 18 E
4N 1 52 36

E

58 N 10 52 15

E

3N 2 15 IE
ON 140 56 19 E
38 N 60 40 15 E
43 N 3 42 I9W
6N 5 2 lOE

41 N 7 25 15W
38 S 78 35 15W
15 N 52 14 45W
ON 80 46 15W
ON 79 38 SOW
ION 73 50 I9W
ON 69 32 SOW

24N 70 3 52W

CayoGonfites . . . . 22 11 44 N
Cayo Cruz del Padre . . 23 14 ON
Cayo Guinchos .... 22 44 N
Cayo de Lobos . . . . 22 24 50 N
Cayo Romaine . . . . 21 53 ON
Cayo de Don Christoval . 22 10 ON
Cayo de Sel 23 39 8 N
Cayo vert 22 5 6 N
Cayques 21 44 15 N
Cerigo, isle, south point . 36 6 N
Cers, isle of 49 23 32 N
Cervia 44 15 31 N
Cette, the lighthouse , . 43 23 37N
Ceuta, the mountain of Acho 35 54 4^N

Chalons-sur-Mame . . . 48 57 16 N
Chalons-sur-Saone . . . 46 46 53 N
Chandernagore . . . . 22. 51 26N
Charkov 49 59 43N
Charleton steeple . . . 50 16 16 N
Charlotte's, Queen, Cape 22 15 OS
Chartres 48 26 54N
Chassiron, the tower . . 46 2 51

N

Chateau, Isles of . . . 22 7 45N
Chatham Isle, cape Young 43 48 OS
Chatham, port .... 35 3 S
Chelidony, Cape . . . 36 13 25N
Cheltenham steeple . . 51 4 7 N
Cherbourg 49 38 31

N

Chester Trinity spire . . 53 1 1 26 N
Chester-le-Street spire . 54 51 28 N
Cheviot hill 55.28 52 N
Chiloe, isle, at Don Carlos 41 53 OS
Chipiona, point . . . . 36 44 18 N
Chiquinquira 5 32 ON
Choul, fort 18 32 ON
Christchurch 50 42 57 N
Christian, Isle . . . . 36.15 ON
Christiania 59.55 20 N
Christiansand . . . . 58 8 5N
Christiansfeldt . . . . 55 21 S6N
Christianstadt . . . . 56 1 15 N
Christiansand . . . . 63 6 35 N
Christinajstad . . . . 62 16 9N
Cilley 46 40 ON
Cimbritzham .... 55 33 27 N
Ciotat 43 10 29 N
Civita-Vecchia .... 42 5 24 N
Clausthal 51 48 30 N
Clermont 49 22 48 N
Clermont Ferrand . . . 45 46 44 N
Cleves . . ... . . 51.47 40 N
Cobham's pillar , . . . 52 2 3 N.
Cobourg 50 15 18 N
Cochin 9 56 30 N
Cocos, or Keeling isle, middle 12.11 OS
Codera, Cape of . . . . 10 S5 54 N
Coimbra 40 12 30 N
Coleby spire 53 . 8 4 N
Collioure 42 31 31 N
Colnet, Cape of, N.Caledonia 20 30 S
Colnet, North West America SO 58 N
Cologne 50 55 21 N
Colorabretta Isle ... 39 56 N
Columbia, mouthof the river 46 19 ON.
Commachio 44 40 27 N
Como . . ... . . . 45 48 22 N
Comorin, Cape .... 7 56 N
Conception 36 .49 10 N

Longitude.
C f If

77 4't SOW Mathnnatl.

81 3 45W oJ Geogra-

78 4 45W .
f^y-

.

77 36 30W '

77 42 15W
82 45W
80 14 45

W

77 40 15W
71 26 50

W

22 51 38 E
2 24 SOW
12 19 43

E

3 41 5E
5 16 15W
4 22 IE
4 51 8 E
88 29 30 E
36 .26 32 E
3 44 31W

167 13 OE
1 19 20E
1 24 12W

74 25 SOW
176 58 OW
116 35 OE
30 20 25W
2 4 6W
1 37 3W
2 53 IW
1 33 49W
2 8 12W
72 44. 45W
6 24 OW

74 13 52

W

72 48 45 E
1 45 llW

25 3 45 E
10 48 45 E
8 3 13E
9 28 55 E
14 9 30E
7 42 45 E

21 18 5E
15 24 45E
14 20 45 E
5 37 OE

11 44 45E
10 20 32 E
2 25 5E
3 5 17 E
6 7 7E
1 24W

10 58 OE
76 16 15

E

96 23 15

E

65 59 15W
8 24 44E
32 25W

3 5 17 E
164 56 15 E
116 2 OW
6 55 15

E

4 I7E
123 54 OW
12 10 2E
9 5 41 E
77 32 15 E
73 54 45W
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174 GEOGR
Names of Places. Latitude. Longitude.

a I " a t It

Conche*, the tower of . . 48 41 2 N 2 3 15W
Conclusion, port . . . 56 15 ON 134 23 SOW
Condom 43 57 49 N 22 22 E
Condor, Tsle 8 40 N 106 31 52 E
Constantinople, St Sophias 41 1 27 N 28 55 15 E
Constance 47 36 ION 9 8 15E
Cope, Cape 37 24 40 N 1 31 40W
Copenhagen 55 41 4 N 12 35 6 E
Copiapo 27 10 S 71 « 15W
Coquet Isle lighthouse . 55 20 1 1 N 3 11 47W
Coquimbo 29 54 40 S 71 19 15W
Cordova 37 52 13 N 4 45 53W
Cordova, port .... 45 45 S 67 27 15W
Cordovan, tower. . . . 45 35 15 N 1 10 25W
Corientes, Cape, in Cuba 21 44 SO N 84 28 37W
Corientes, Cape, in Mexico 20 25 30 N 105 S5 36\y
Corinth 37 58 22 N 23 28 29 E
Cork 51 53 54 N 8 29 OW
Corneto 42 15 23 N 11 43 15 E
Coron 36 47 26 N 21 58 52 E
Corte 42 18 2 N 9 8 46 E
Corvo, Isle, south point . 39 40 45 N 31 2 45

W

Coudras, Isles of . . . .47 23 IN 70 23 19W
Coupang 10 9 55 S 123 28 28 E
Coutances 49 2 54 N 1 26 23W
Courtray 50 49 43 N 3 16 6E
Cowes 50 45 27 N 1 I9 24W
Cracatoa, Isle .... 6 6 S 105 36 15 E
Cracow 50 3 38 N 19 67 9 E
Crail spire 56 15 58 N 2 36 55W
Crema 45 21 29 N 9 41 57 E
Cremona 45 7 43 N 10 2 12 E
Cremsmunster ....48 3 29N1488E
Creux, Capeof . . . . 42 19 35 N 3 20 50 E
Criffel mountain ... 54 56 44 N 3 36 55W
Crillon, Cape of . . , . 45 56 ON 142 59 54 E
Croc, harbour of . . . . 51 3 17 N 55 49 45W
Croisic 47 17 43 N 2 30 15W
Crossfell 54 42 18 N 2 28 S7W
Cross-sound, entry . . . 58 12 ON 136 5 OW
Croydon steeple ... 52 7 57 N 04 45W
Cucao, mountain ... 42 45 S 74 6 15W
Cuenca . ..... 2 55 3 S 79 13 22W
Cullera, Cape .... 39 9 N 10 40W
Cumana 10 27 37 N 64 9 45

W

Cumanacoa 10 16 UN 63 58 35W
Cummin, Isle of, . . . 31 40 ON 121 41 OE
Cura 10 2 47 N 67 44 45W
Cuxhaven lighthouse . . 53 52 21 N 8 43 1 E

D
Daffenside beacon ... 54 49 27 N 2 30 47W
Dagelet, Isle 37 22 18 N 130 57 22 E
Dager-ort 58 56 IN 22 9 15 E
Dalrymple, Cape . . . 48 21 ON 142 50 OE
Damietta 31 25 40 N 31 50 OE
l>amme 52 31 34 N 8 12 18 E
Danger, Isles of, middle . 10 51 S 167 4 45

W

Dantzic 54 20 48 N 18 38 5E
Danville Cape .... 31 27 SON 131 27 15 E
Dardanelles, old cajBtle . 40 9 8N 26I93OE
Darmstadt 49 56 24 N 8 34 49 E
Daventry spire .... 52 15 39 N 1 9 3W
David's, St, cathedral . . 51 52 56 N .9 I* 53W
^•« 43 42 I9N 1 3 3W
Deadmnn SO 13 20 N 4 47 4W
D.'ception, Cape ... 8 32 30 S 157 2 29 ED -liverance. Cape of . . 10 59 20 S 154 26 30 E
"^•ft 53 49N 4.21 45 E

APHY.
Names of Places. Latitude. Longitude.

Delmenhorst 53 3 29N
Dendera 26 8 26 N
Denis, Cape 8 24 S

Derby steeple . . . • 52 55 32 N
Dereham, East .... 52 40 N
Deseada, or Desirade, Isle,

N. E. point .... 16 20 N
Devizes, St John's steeple 51 21 15 N
Diarbeker 37 54 ON
Dibeh, mouth of the Nile 3122 6N
Die 44 45 31 N
Diego Ramirezo, Isle . . 56 27 30 S
Diephelz 52 36 30 N
Diemens Isle, south cape 43 38 30 S
Diemen, harbour, north of 43 32 17 S
Dieppe 49 55 34 N
Digg, Cape of . . . . 62 41 ON
Digne 44 5 18 N
Dijon 47 19 25 N
Dillingen 48 3* 17 N
Discovery, Port .... 48 2 30 N
Disseada Cape . . . . 53 4 15 8
Diu Cape 20 42 N
Dixmude 51 2 12 N
Dobryzn 52 38 5 N
Doera Cape 33 N
Dol 48 33 8 N
Domburg 51 33 5! N
Dominica, Roseau . . . 15 18 23 N
Donawert 48 43 15 N
Dorchester 50 42 57 N
Dordrecht 51 48 5tN
Doro, Cape 38 9 30 N
Dorpat 58 22 47 N
Dortmund 51 31 24 N
Dover Castle 51 7 47 N
Drake Island, observatory 50 21 21 N
Dresden 51 2 50 N
Dromedary, Mount . . 36 16 33 S
Drontheim 63 25 50 N
Druja 55 47 29 N
Dublin • 53 2 1 1 1 N
Duisburgh 51 26 6 N
Dunchurch steeple . . 52 20 16 N
Dundee 56 25 ON
Dungeness lighthouse . . 50 55 1 N
Dunkirk 51 2 9N
Dunnose 50 37 7 N
Dunse spire 55 46 50 N
Durham cathedral . . . 54 46 31 N
Dusseldorf 51 13 42 N

E
Easter Island .... 27 8 30 S
Eastham spire . . . . 53 1 8 50 N
Ebersdorf 50 29 33 N
Edam 52 30 49 N
Eddystone lighthouse . . 50 10 55 N
Eddystone Island ... 8 18 S
Edgecumbe 57 2 OJN
Edinburgh observatory . 55 57 57 N
Egersund 58 26 ION
Eisenach 50 58 55 N
Eis^arn 48 54 1 N
Elbmgen 54 8 20 N
Elbingerode 51 47 2 N
Eldon hills, highest point 55 35 6 N
Elisabeth, Cape .... 59 9 N
Elsfleet 63 11 21 N

8 39 28 E
32 30 57 E

151 3 52 E
1 28 16W

55 OE

61 1 SOW
I 59 6W
3^ 53 45 E
82 7 30 E
5 22 33 E

68 39 14W
8 21 IE

146 60 45 E
146 56 48 E

1 4 44E
78 49 45W
6 14 19E
5 2 5E
10 30 29 E

122 37 4!W
74 30 45W
70 47 15W
2 52 3E
19 35 15 E
22 16 45 E
1 45 3W

29 52 E
61 32 15W
10 47 3E
2 25 25W
4 39 42 E
24 19 45 E
26 45 ISE
7 26 41 E
1 19 7E
4 8 18W
13 43 IE

150 19 57 E
10 23 25 E
27 13 45 E
6 18 45W
6 45 39 E
1 16 56

W

3 2 I5W
57 48 E

2 22 37 E
I 11 36W
2 19 58W
1 34 6W
6 46 25 E

109 51 15W
2 57 IW
11 40 23 E
5 2 56E
4 15 3W

156 .30 53 E
135 46 l.^W
3 10 21W
5 57 OE

10 20 15 E
14 59 56

E

19 22 OE
10 47 44 E
2 42 27W

151 7 OW
8 26 20 E

Math J
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Kamn of PUmO.

Ely Minster 52 24 49 N
Embtlen 53 22 S N
Embrun 44 34 7 N
Emeralda 3 11 ON
Emmerich 51 49 52 N
Enare 68 56 SON
Endeavour river, mouth of 15 26 OS
Engano, Cape, . . . . 18 34 42 N
Engelholm 56 14 20 N
Enkuysen 52 42 22 N
E«)os 40 41 58 N
Epworth steeple . . . 53 23 18 N
Erdingen 48 18 25 N
Eregri 41 17 51.

N

Erfurth 50 58 45 N
Erlangen 49 35 36 N
Erromanga Isle, . . . 18 46 30 S
Erronan, Isle of, ... 19 34 S
Escurial 40 35 50 N
Espoda Cape . . . . 18 19 48 N
Estaing Bay, • . . . 48 59 38 N
Etaple .50 31 40 N
Etoile, Isle of. Peak, . . 14 29 OS
Evangelist, Isles of . . 52 34 S
Evaux 40 10 42 N
Eversden, Great, steeple . 52 8 35 N
Evoux, Isles 55 32 12 S
Evreux 48 55 30 N
Exeter . 50 44 N
Exeter cathedral . . . 50 43 25 N
Eyija 37 31 51 N

F
Fairhill 59 28 N
Fairweather Cape ... 58 50 40 N
Falkcnberg 56 53 54 N
Falkland Isles, PortEgmont 51 25 S
Falmouth 50 8 ON
Falsterbo 55 23 4 N
Fanagoria 45 1216N
Fano 43 51 ON
Farewell Cape .... 59 38 N
Famham steeple . . . 51 32 6N
Faro, from St Ant. de Alto Z& 59 12 N
Fawley steeple . . . . 51 34 34 N
Fayal, Isle, from la Horte 38 30 55 N
Fecamp 49 45 24 N
Feldkirchen 47 14 20 N
Fells, the tower of the castle 41 16 7 N
Feltre 46 43 N
Fermo 43 10 18N
Fernando-Noronha, Isle . 3 56 20 S
Fcrnando-Po, Isle . . . 3 28 ON
Ferrara 44 49 56 N
Ferro Isle, west point of . 27 45 ON
Ferrol 43 29 ON
Fez 34 SN
Figueras 42 l6 1 N
Finisterre, cape . . . . 42 54 ON
Fivehcad steeple . . . 51 17N
Fiitme 45 20 10 N
Fladetrand 57 27 3 N
Flatholme's lighthouse . 51 22 33 N
Freckeroe 58 5 N
Flensburg 54 47 18 N
Florence . . . . . . 43 46 41 N
Flores, Isle .... 39 33 59 N
Flushing 51 26 42 N
Foerder, lighthouse . . 59 2 3 N

Longitude. Namta of PlaoMS Ladtu^ Longitude.

16 3SE
7 11 1 E
6 26 9E
66 3 OVV
6 14 51 E

27 15 15E
145 11 8E
68 25 37W
12 52 15E
5 17 41 E
25 58 44 E

48 58W
11 55 8E
31 27 20 E
11 2 26 E
11 4 OE

168 57 36 E
170 6E
4 7 50W

68 34 13VV

14S 31 59 E
1 35 45 E

167 52 5E
75 5 15W
2 11 18E

20 E
66 47 14W
1 9 19 E
3 34 15W
3 31 OW
5 4 34W

1 54 45W
138 5 SOW
12 30 15E
59 59 15W
5 2 15W

12 49 45 E
36 35 OE
12 59 53 E
42 41 45W

36 41

W

7 51 57W
54 32W

28 41 48W
23 3E

9 35 15 E
1 57 48 E

11 55 24 E
IS 41 41 E
32 37 45W
8 40 15E

11 3S 25 E
18 9 45W
8 15 OW
6 1 19W
2 57 89

E

9 16 OW
2 54 33W
14 26 22-

E

10 33 30 E
3 6 25W
8 1 OE
9 27 40 E
11 15 45 E
31 8 15W
3 34 57 E
10 87 28

E

Folkttone 51

Fontarabia 43

Fonthill Abbey ... 51

Foston spire .... 52
Forml)ypoint,N.W.landmark53
Fortaventura Isle, W. point 28
Foulpoint 17

Frampton House ... 51

Francais, harbour of . . 58
France, Isle of, harbour . 20
Frankfort on the Main • 50
Frankfort on the Oder . 52
Fravenburgh .... 54
Frehel, Cape 48

Freisengen 48
Freistadt 48
Frejus 43
Fria, Cape 23
Frontignan 43
Fuentes, Cape .... 46
Fulda 50
Furnes 51

G
Gabey Isle

Gallego river .... 51

Gallipoli 40
Gamaley, Cape .... 40
Gamjam 19
Gap 44
Gaspay, bay of .... 48
Gate, cape of 36
Geer Cape 30
Gefle . 60
Gelnhauscn 50
Geneva 46
Genoa 44
George's, King, harbour 35
Georgetown 38
Georgia, Isle, N. Cape . 54
Cera 50
Gerona, the Cathedral , 41

Gertruydenberg . . . . 51

Ghent ........ 51

Gibraltar . . V'" .^'i '7- 36
Gidros 41
Gijon 43
Gillingham steeple . . 51
Giraglia, tower of . . . 43
Girge 26
Glandeves 43
Glasgow 55
Gloucester eathedral • . 51
Gluchow 51
Gluckstadt 53
Goa 15
Goave 18
Goes 51
Golowatschef Cape . . 53
Gomera, Isle) harbour . 2*
Gonava, Isle, N. E. point 18
Gorgon Isle .... 43
Gore Isle 60
Goree Isle 14
Goring 50
Gortz 45
Gotha, Obs. of Seeberg . 50
Gothaab 64
Gottenburg 57

4 47N
21 36 N

1 10 -52 E '^**!^
147 15W"',^,^

4 43N 2 6 .S4W J4^
56 33 N 46 21

W

33 34N 3 5 2W
4 ON 14 31 I5W
40 14 S 49 53 15 E
23 IN 3 29 I5W
36 ON 137 25 50W
9 45 S 57 28 30 E
7 29N 8 36 OE
22 8 N 14 33 15

E

21 34 N 19 40 30

E

41 ION 2 18 36W
23 58 N 11 45 30 E
29 ON 14 22 15

E

25 52 N 6 44 9E
2 S 41 31 15W

26 42 N 3 45 18

E

8 29N 9 24 59

E

33 57 N 9 44 OE
4 23 N 2 39 51

E

6 OS 126 24 OE
40 S 69 4 45W
25 33 N 26 37 30

E

37 40 N 139 48 30

E

22 30 N 85 18 15E
33 46 N 6 4 28E
47 30 N 64 27 15W
44 ON 2 12 50W
38 ON 9 51 45W
39 45 N 17 8 30E
13 25N 9 13 53

E

12 ON 6 9 SOE
25 ON 8 58 OE
5 30 S 118 14 15E
55 ON 77 9 48W
4 45 S 38 14 45W

53 22 N 12 4 IE
59 21 N 2 49 34

E

42 5 N 4 51 54

E

3 21N 3 43 50E
6 SON 5 19 3lW
52 48 N 32 54 SOE
35 19 N 5 44 49W
2 20N 2 16 8W
1 42N- 9 23 53 E

20 3 N 31 55 6E
56 43 N 6 48 25

E

51 32 N 4 16 45W
52 3 N 2 14 15W
40 30 N 34 20 15 E
47 42 N 9 27 2E
31 ON 73 45 15

E

26 51 N 72 54 19W
30 18 N 3 53 31

E

30 15 N 141 55 OE
5 40N 17 7 45W

40 ION 73 47W
25 46N 9 53 10

E

17 ON 177 11 15

E

40 ION 17 24 45W
48 84 N 25 29W
57 SON 13 28 45 E
56 8 N 10 44 OE
9 55 N 64 27 15W

48 4N 11 57 45E '
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Name* sf Place:. Latitude. Lon<ritude. Names of Placei. Latitude. Longitude.

Mathemati-
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Gottingen 51 31 .54N
Gotto Isle, S. W. ext, . 32 34. 50 N
Gouda 51 59 .51 N
Goula-Battou, rock . . 9 15 OS
Graclisca 45 53 30 N
Grado 45 39 55 N
Granby steeple .... 52 55 8 N
Grand Combe de Bots . . 47 8 36 N
Grange, the point of . . 19 54 35 N
Graoharuni lighthouse . 60 5 50 N
Granville 48 50 16 N
Grasse 43 39 19 N
Gratz 47 .4 9N
Gravelines . . . . . 50 59 ION
Gravesend 52 20JJ
Gravois point .... 18 1 3.N
Gray's harbour . . . . 47 OJV
Greenwich Observatory . 51 28 40 JM
Gregory Cape .... 43 26 N
Griefswalde 54 4 35 N
Grenaae 56 24 57 N
Grenada, Fort .... 12 2 54 N
Grenoble 45 11 42 N
Grodno 53 40 30 N
Gronskar 59 15 50 N
Gronais isle 47 38 4 N
Guacara 10 11 23 N
Guadaloup isle .... 28 53 N
Guadaloup 15 59 30 N
Guaduas 5 4 4 N
Guaira . . . - . . 10 36 19 N
Guaisabon, sugar loaf • 22 47 46 N
Guanaxuato 21 15 N
Guastalla 44 54 58 N
GuayaquU, town of . . 2 11 21 N
Gueldres 51 30 43 N
Guibert, port .... 56 37 N
Guildford steeple . . . 51 14 2 N
Guntherberg .... 49 9 37 N
Gunzburg 48 27 15 N
Gurief 47 7 ON
Gwynier steeple . . . 50 11 17 N

H
Haarlem 52 22 56 N
Haddenham spire . . . 52 22 20 N
Hadersleben . . . . 55 15 15 N
Hafringe lighthouse . . 58 35 40 N
Hague 52 4 50N
Halberstadt 51 53 55 N
Haldon obelisk .... 50 37 3 N
Halifiix ...... 44 44 ON
Hallands-Vadero . . . 56 26 56 N
Halle 51 29 5 N
Halmstadt 56 39 45 N
Halsall spire , . . , 53 35 11 N
Hamburgh 53 32 51 N
Hameln 52 5 29 N
Hammarshus .... 55 18 ON
Hammersfort . . . . 70 38 22 N
Hango-Udd, isle and cape 59 46 20 N
Hano 56 1 ON
H=i"°ver 52 22 25 N
Haradskar 58 8 SON
Hardwick spire . . . . 52 12 55 N
Harefield 51 36 ION
Harlingen 53 10 32 N
Harrl ind point .... 51 1 22 N
Hastings ..... 50 52 ION
Havannah 23 9 27 N

9 55
128 44
4 42

123 51

13 25
13 23

52
6 47 15 E

71 48 55VV
25 2 10 E
1 35 57 VV
6 55 24 E
15 27 15 K
2 7 50 E
4 9 45E
74 1 16W
123 53 OW

124 32 30W
13 33 15 E
10 53 59 E
61 48 OW
5 43

23 49
1.9 2
3 26
68 5

118 15

61 45

74 47
67 6
83 26
100 54
10 39
79 56
6 19

134 55
34

13 27
10 16

51 59
5 21

17 18

4 18
11 3

3 SO
63 35
12 32
11

12

2

9
9
14 48
23 43
22 57
14 49
9 42
16 59

27
5 24
4 30

41

82 22

15 E
OE
44E
15E
OE

51 E
47W
5
5'

7'

4

5

5:

y

31

5

49 E
45 E
SOE
8W
15W
48W
OW
58W
45W
32W
45W
46 E
15W
9E
50W
OW
SOE
SOE
SOE
6W

19E
26 E
49 E
SOE
47 E
33 E
27W
45W
SOE
2E
OE
24W
35 E
5E
SOE
SOE
45 E
SOE
55 E
OE
6W
45 E
47 E
26W
25 E
53 E

Havre 49 29 14 N
Hawk-hill, near Edinburgh 55 57 37 N
Hawkestone obelisk . . 52 51 34 N
Helbre lighthouse ... 53 23 34 N
Heligoland light-house . 54 J 1 34 N
Helkinton 52 23 24 N
Helsinborg 56 2 55 N
Helsing-fors . . . . 60 10 ON
Helston steeple . . . 50 6 1 5 N
Helvcllyn mountain . . 54 31 43 N
Helvoet-Sluys . . . . 51 49 29 N
Henley steeple . . . . 51 32 21 N
Flenlopen Cape . . . 38 46 ON
Henry, cape .... 36 57 N
Heraclea : 41 1 3 N
Herenthals 51 10 45 N
Hermit Isles .... 1 28 30 S
Hernosand Isle .... 62 38 N
Hervey Isle .... 19 17 OS
Hesseloe 56 11 46 N
Highbury-house . . . 51 S3 13 N
High Pike 54 42 27 N
Hilary, St, steeple . . 50 9 23 N
Hinchinbrock, cape . . 60 12 30 N
Hioring 57 27 44 N
Hoaiagnan S3 34 40 N
Hoapinsu, isle . . . . 25 49 39 N
Hoborg, cape .... 56 56 N
Hogsties, isles, most eastern 21 38 50 N
Hogstraeten .... 51 24 5 N
Hola 65 44 ON
Holy Isle castle, flagstaff 55 40 20 N
Honda 5 II 42

N

Hondschotte . . . . 50 58 56 N
Honfleur 49 25 13 N
Hood point .... 34 23 N
Hooglede 50 58 44 N
Hope harbour . . . 33 55 17 S
Hope, Cape of .... 9 31 33 S
Horn, Cape 55 58 30 S
Huaheine Isle . . . . 16 42 45 S
Hudwiks-vall . . . . 61 43 45 N
Huehuitoca 19 48 39 N
Huiddings-oe, . . . 59 3 54 N
Hulst 51 16 53 N
Hume castle .... 55 40 5 N
Huntingdon steeple . . 52 20 27 N
Hurst castle ^0 42 23 N
Husum 54 28 59 N
Hyeres 43 7 2N

I

lakutsk 62 1 50 N
Ibagua 4 27 45 N
Ibarra 21 ON
lena 50 56 28 N
leniseisk 58 27 17 N
Iglau 49 23 29 N
Ilchester steeple . . . 51 23 N
lUon steeple 50 57 9 N
Imst 47 14 20 N
Inague,thegreaterW. point 21 3 41 N
Inague, the lesser, E. point 21 29 ON
Ingolstadt 48 45 47 N
Ingleborough hill . . . 54 10 4N
Ingoruachoix . . . . 50 37 1 7 N
Inichi 42 26 N
Inselberg, mountain . . 50 51 35 N
Inspruck 47 16 8N
Ipsera Isle, south point . 38 30 ON

6 38 E
3 8 SOW
2 36 .59W
3 10 law
7 53 13E
1 S saw
12 43 15E
25 15 E
5 15 29W
3 21

W

14 7 53 E
53 48W

75 12 15W
76 31 15W
27 54 34 E
4 SO 29 E

145 7 35 E
17 53 15 E

158 47 45W
11 40 IE

5 SOW
3 2 49W
5 2S 2W

146 39 20W
10 28E

118 49 45

E

122 40 OE
18 11 OE
73 56 4W
4 45 48 E
19 43 45

W

1 46 38W
74 53 SOW
2 35 14 E

14 14E
119 49 OE

S 5 OE
121 54 50 E
159 41 SOE
67 21 14W
151 10 45W
17 7 59 E
99 11 40W
5 25 15E
4 3 27E
2 27 S8W

11 3W
1 32 4lW
9 4 42 E
6 7 S5E

129 42 30

E

75 20 OW
78 18 S4W
11 37 15 E
91 58 45 E
15 36 15 E
1 40 14W
2 54 48W
10 43 45 E
72 47 28W
73 1 28W
11 25 51 E
2 23 ISW
57 15 15W
33 56 SOE
10 28 15E
11 23 45 E
25 36 SOE
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177
Longitiirie.

'WfttJifmati. Irkiitcli 52 16 41 N
•'gra-

Irois, the point of , . 18 5ia23N
^^'^ Isabeliqiic, the point . . 19 5013N^^ Islamabad 22 20 N

Ismail 45 21 ON
Isola Bella 45 53 11 N
Ispahan 32 24 .34 N
Issclburgh 51 50 29 N
Istacalco 19 22 44 N
Istapalapa 19 22 19 N

^ Ives, St, steeple . . . 52 20 19 N
Ivica, Isle, castle ... 38 53 16 N

J
Jackson, Port, Sydney Cove 33 51 3 S
Jagua 2 10 19 N
Jahde 53 20 45 N
Jaroslawl 57 37 30 N
Jassy 47 8 30 N
.Tenikola 45 21 N
.Teremiah, point . . , . 18 39 57 N
Jersey Isle, from St Aubin 49 12 59 N
Jerusalem 31 47 47 N
Jever 53 34 28 N
Johannisberg . . . . 53 37 48 N
Johnston steeple . . . 51 45 17 N
Jonas, peak of .... 56 25 30 N
Juan Fernandez, Isle . » 33 40 S
Judembourg 47 43 20 N

K
Kaisersheim 48 45 52 N
Kailandburg 55 40 54 N
Kaluga 54 30 N
Kaminiek 48 40 50 N
Kamyschin 50 5 6" N
Kasan 55 47 51 N
Kaskon 62 22 10 N
Katwik-sur-Mer . , . 52 12 15 N
KaufBeuren 47 53 30 N
Kflshall steeple . . . 52 29 N
Kerguelcn isle, cape George 49 54 30 S
Kerguelen, harbour of Noel 48 41 15 S
Kew observatory . . . 51 28 37 N
Kiam-Cheu 35 37 N
Kiel 54 19 43 N
Kilrenny spire . . . . 56 14 17 N
Kingston steeple . . . 50 18 54 N
Kiow SO 27 ON
Kiringskoi-Ostrog . . . 57 47 ON
Kirk Newton . . . , 55 54 30 N
Kirkby Lonsdale steeple 54 12 18 N
Kittis 66 48 20 N
Klagenfurth 46 37 ION
Klin 56 20 18 N
Kola 68 52 SON
Kongelf 57 51 45 N
Kongsback 57 27 N
Konigsberg 54 42 12 N
Konswinger 60 12 11 N
Korn Neuburg . . . . 48 21 22 N
Koslow 45 11 54 N
Kostroma 57 45 40 N
Kovima, the lower . . 68 1 8 ON
KoTima, the upper . . 65 28 ON
Krageroe . . . . . . 58 51 35 N
Krannichfeld . . . . 50 51 55 N
Krasnoyars 56 1 2 N
Krembs 48 21 SON

VOL. X. PART. I.

10* 11 .WE
74 35 40W
71 16 35\V
91 45 15 E
28 50 15 F
8 32 3E

51 50 15E
6 26 22 E

99 4 SOW
99 3 OW

4 45W
1 29 12E

152 12 15E
75 35 59W
8 12 43 E

40 10 15 E
27.30 15E
36 26 45 E
74 13 22W
2 10 44

W

35 20 15 E
7 52 45 E

21 49 15 E
4 58 4lW

143 15 45 E
78 58 15W
14 42 45 E

10 47 58 E
11 6 33 E
36 5 15E
27 1 30 E
45 24 15E
49 21 9E
21 \0 35 E
4 23 35 E

10 26 45 E
3 51W

70 12 15E
69 2 15E

16 45VV
111 29 30 E
10 8 18E
2 40 35W
3 51 40W
30 27 45 E
108 3 OE

3 25 OW
2 35 15W
34 3 I5E
14 20 OE
36 48 6E
33 45E
11 59 OE
12 7 OE
20 29 15E
11 58 OE
16 19 OE
33 22 48 E
41 12 51 E
163 18 15E
153 35 15E
9 30 42 E

11 11 t5E
92 20 52 E
15 36 OE

Krementzouk . , . . 49 .3 28 N
Kritch spire .53 15 43 N
Kullen, the lighthouse . 56 18 3 N
Kumi 24 ,13 13 N
Kursk 51 43 SON
Kyloe steeple . . . . 55 39 36 N

L
LabLiu 54 51 20 N
Ladrone Isles, the greatest 22 2 N
Lagoa 37 6 ON
Lagos, 40 58 42 N
Laholm 56 32 38 N
Lamanon peak .... 47 45 N
Lambhuus 64 6 17 N
Lampsacus 40 20 52 N
Lancaster 40 2 39 N
Lancaster steeple ... 54 3 8 N
Lancerotte Isle, east point 29 14 ON
Landsberg 48 2 58 N
Landscroon 55 52 27 N
Land's End, at Stone . . 50 4 7 N
Landsorbe lighthouse . . 58 43 56 N
Langle, peak of . . . . 45 1 1 ON
Langle, bay of . . . . 48 59 ON
Langres 47 51 59 N
Langtree steeple . . . 50 55 58 N
Lajisdown monument . 51 25 29 N
Laon 49 33 54 N
Larneca, the castle ... 34 54 30 N
Largo Law . • . , 56 14 15N
Latikia 35 32 30 N
Laubach 46 1 48 N
Lausaime 46 31 5 N
Lavaur 43 40 52 N
Leasowes lighthouse . . 53 24 50 N
Lecluse 51 18 35 N
Lectoure 43 55 54 N
Ledstone beacon . . , 53 46 31 N
Leeds 53 48 N
Leer 53 13 49 N
Lefao 9 12 15 S
Legnago 45 11 18 N
Leghorn 43 33 5 N
Leicester 52 38 N
Leigh steeple . . . . 51 13 28 N
Leipsic 51 20 16 N
Leiva 5 30 N
Le Mans 48 SO N
Leon, Isle of 36 27 45 N
Leona, Isle of .... 14 6 S
Le Puy 45 25 2 N
Lescar 43 19 52 N
Levata Isle, south point of 36 59 ON
Lewin Cape 34 25 50 S
Leyden 52 9 .30 N
Libau 56 31 36 N
Lichtenau 51 37 24 N
Liege 50 39 22 N
Lilienthal 53 8 SON
Lima 12 2 34 S
Limoges 45 49 53 N
Limpjada 40 36 43 N
Lincoln Minster . . . 53 14 7N
Lindes Noess, or Demeus 57 58 ON
Lintz 48 18 54 N
Lisbon observatory . , 38 42 18 N
Liskeard . . . , . . 50 26 55 N

z

33 29 E MathenuuU

I 7 low <•»•

'l*'*^
12 S5 45E ^;;^
123 19 43E '

36 27 45 E
1 54 39W

21 6 45 E
113 66 15

E

, 8 38 3W
25 3 S6E
13 1 OE

141 52 45 E
21 55 15W
26 36 55 E
76 10 SOW
2 47 41

W

13 25 45

W

10 53 31 E
12 46 IE
5 41 32W
17 52 OE

141 13 13E
142 33 4 E
5 20 5 E
4 11 24W
2 22 22W
3 37 27 E

S3 40 45 E
2 54 52W
35 44 15 E
14 46 40 E
6 45 30 E
1 49 18 E
3 6 49W
3 23 9E

1 18 47W
37 26

E

1 34 OW
124 15 15E
10 59 13 E
10 16 45 E
1 8 SOW
2 25 58W
12 21 45 E
73 54 5icW

11 35E
6 12 OW

169 16 22W
3 53 36 E
25 52W

26 16 45 E
115 35 15 E
4 29 ISE •

20 55 20 E
8 54 7E
5 31 42E '

8 54 15 E
77 7 SOW

1 15 23 E
23 3 47 E

32 nv
7 6 15E

14 16 45 E
9 7 %W
4 41 SOW
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GEOGRAPHY.

Names of Places. Latitude. Longitude

Mathemati-

cal Ge<^ra-

phy.

IJtchfield spire 52 41 12

N

51 58 59

N

53 24 40

N

49 57 44

N

49 8 50N
51 41 2N
51 28 ';\s

43 43 47 N

Little Port'. .... 5! 27 59

N

Little Brickhill steeple

Liverpool, St Paul's .

Lizard Cape lighthouse

Lizieux

Llanelly steeple . .

Loampit-hill . . .

Lotleve ....
] „ai 45 18 31 N
Loheia 15 42 8 N
Lombez 43 28 30 N
Lomond top, east . . 56 14 44 N
Lomond top, west . . 56 14 57 N
London, St Paul's . . . 51 30 49 N
Looz, Isleof 9 27 ON
Lopatka, Cape . . . . 51 15

Loretto 43 27 ON
L'Orient 47 45 11 N
Louisbourg 45 53 40 N
Louisiada, Cape of . .

1 49 2lW
18 40

E

40 2lVV

2 58 55VV

5 11 5W
13 47 E

4 8 4lW
1 ow

3 19 3E
9 30 52 E
42 18 45

E

54 24 E
3 12 33W
3 17 4W

5 30W
13 20 45W

15N 153 42 45 E
13 35 5E
3 21 2W

59 55 45W
11 20 42 N 128 20 55

E

Names of Places.
/ If

MariaCape 18 37 20N
Marienburgh . . - • 54 1 31 ^^

Markoe 57 59 10 N

Louvain 50 53 26N 4 41 46 E

Lubtck 53 51 18N 8 40 52 E

Lubni 50 37N 33 3 45E
Lucipara 3 10 45 S IO6 17 45 E

Lucon 46 27 15N 19 45W

Lugano 45 59 56 N 8 57 35 E

Lu|o 43 4N 7 34 low
Lulworth flagstaff . . 50 .39 19 N 2 18 28

W

Lunde.'. 58 27 ION 6 S6 6E
Lunden, tower . . , . 55 42 26 N 13 12 42 E
Luxembourg 49 37 38 N 6 9 41 E
Lyme . 50 43 10N 2 75 29W
Lyons 45 45 58 N 4 49 24 E

M
Macao 22 13 44N 113 35 15 E
Macclesfield,bank . . , 15 51 ON 114 18 15 E
Macerata 43 18 36N 13 26 15 E
Macon 46 18 27 N 4 50 8 E
Madeira, weet point, . . 32 37 40 N 16 55 45

W

Madras, Fort St George . 13 4 54N 80 29 OE
Madrid, great square . . 40 24 57 N 3 42 15W
Maestricht 50 51 7 N 5 41 1 E
Magdeburg 52 8 4N 11 38 59 E
Mahe, on Seichelles Isle . 4 38 S 55 85 1 5 E
Mahon, Cape of Mola . 39 51 ION 4 25 28 E
Mahouna Isle . . . . 14 20 45 S 170 16 35W
MaisyCape 20 16 40 N 74 7 53W
Malacca 2 12 ON 102 5 15 E
Malaga S6 43 30N 4 25 2W
Malvern Hill .... 52 618 N 2 19 47W
Maldonado 34 S6 19 S 54 51 5W
Malespina Cape . . . . 43 42 15 N 141 19 OE
Malines 51 1 52 N 4 28 59 E
Mallieda, Port Sandwich 16 25 20N 16'7 32 6E
Malmoe 55 36 37 N 13 1 I9E
Malouine Isles, see Falkland Isles.

Malta, from the town . . 35 53 41N 14 30 45 E
Manchester, St Mary's spire 53 29 ON 2 14 22W
Mandal 58 42 N 7 28 45 E
Mandry, harbour of . . 37 44 10 N 23 48 45 E
Mangea Isle . . . . 21 56 45 S 158 2 45VV
Manlieim observatory . 49 29 18 N 8 28 OE
Manilla ....'.. 14 36 N 120 58 15 E
Mantua 45 9 16N 10 48 12 E
Marburg 46 34 42 N 15 43 OE
Margueritta Isle, . Cape
Macan US 30N 64 27 15W

Marikan Isle ....
Marmora Isle . . . •

Marseilles observatory

Marstrand lighthouse . .

Martinique, Port de France

Martin -Vas, Isles of . •

Masafuero
Maskelyne Isle ....
Matance, Peak of . . .

Matapan Cape . . . -

Mataro
Matifou Cape ....
Matsumay 41 32

May, Isle of, south point . 15 6

May, Isle of, lighthouse 56 11 22 N
Maypures 5 13 32 N
Meaux 48 57 40 N
Meiningen 50 35 26 N
Melille 35 18 15 N
Memel 55 42 15 N
Mende 44 30 42 N
Mendocin Cape . . . 40 29 ON
Merguy 12 12 ON
Metz 49 7 ION
Mewstone 50 18 SON

Latitude. Longitude.

o / //

74 33 32W MaHicinal

19 1 56 E <:^ K'^og'

6 59 15 E P''5'-

152 30 15 E '""Y^

27 30 50 E
5 22 15 E

11 36 OE
61 5 45

W

27 59 44W
80 37 15W

S 167 48 21

E

9N 81 45 2W

46 50 ON'
40 37 4 N
43 17 49

N

57 53 51

N

14 35 49

N

20 30 S
33 45 30 S
16 32
'23 1

36 23 20 N 22 29 30 E
41 32 23 N 2 26 48 E
36 51 ION 3 12 35 E

ON 140 4 OE
ON 23 9 45W

2 32 47W
68 17 15W
2 52 45

E

10 24 13

E

2 56 lOW
21 8 3E
3 29 34

E

124 29 15

W

98 18 15

E

6 10 28E
4 5 33W

Mewstone 43 48 S 146 27 15 E
Mexico 19 25 45 N
Mexicalcingo . . . . 19 21 22 N
Michael's, St, Mount . 50 7 2 N
Middleburg .... 51 30 6 N
Milan observatory . . 45 28 2 N
Milford steeple . . . 5142 43N
Milo Isle, the harbour . 36 42 30 N
Mirepoix observatory . 43 5 7 N
Mispalu Isle .... 19 15 S

Mittau 56 39 6 N
Mocha 13 16 ON
Mogana Isle, N. E. point 22 18 ON
Mohilew 53 54 N
Mole, St Nicholas . . . 19 49 20N
Monance, St, spire . . 56 12 24 N
Mongat Fort . . . . 41 27 50 N
Mongon Cape, from tower 42 6 34 N
Monopiii mountain . . 2 3 S
Montaigu 50 58 56 N
Montalto 42 59 44 N
Montacute signal-staff 50 57 2 N
Montauban observatory . 44 55 N
Montdego Cape . . . 40 12 6N
Monte Christo . . . . 42 20 26 N
Monte Figo 37 9 40 N
Monterey 36 35 45 N 121 51 6W
Montevideo 34 54 48 S 56 14 SOW
Mont Lauro 42 45 47 N 8 57 22W
Montpellier observatory . 43 36 1 6 N 3 52 40 E
Monte Rosa 45 55 56 N 7 52 32 E
Montsein, the most northern

peak 41 28 4SN
Montserrat, the highest peak 41 38 59 N
Montserrat Isle, N.E. point 16 47 35 N

99 5 15W
99 4 SOW
5 27 33W
3 37 30 E
9 11 45

E

5 20 13W
24 13 32 E
1 52 26 E

132 7 18E
23 43 27

E

43 10 15 E
72 46 OW
30 24 45

E

73 29 33W
2 45 37W
2 16 45E
3 10 29E

105 22 45 E
4 59 IE
13 35 29 E
2 42 44W
1 20 45 E
8 53 9W
10 18 lOE
7 40 9W

Monza
Morales
Morant Point
Morotay Isle

Mortory Isle

Morup Tange

2 17 30E
1 46 7E

62 13 25

W

9 17 HE
74 1 OW
76 15 8W

10 ON 161 57 15 E
4 42 N 9 36 26 E

45 34 41 N
8 15 30N
17 57 45 N
21

41

56 55 57 N 12 21 45 E
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Nimat of PluM. Latitude. Longitude,

o ' "
Namea of Place*. Latttudt. Longitude.

niaii- Moscow 55 45
''K"»- Mosdok 4.? 43
'•_. Mote steeple . . . . 51 53

Moiichoircar 21

Moulins, point of . . . 36 37
Moxillones 23 5

Mowee isle, E. point . . 20 50
Miiljrrave harbour ... 59 34
Mulhftusen 51 12

Mulheim 47 48
Mumbles lighthouse . . 51 34
Munich 48 8
Munster 51 58
Musquito Cove .... 64 H.'i

Muyden 52 19
Muzo 5 24

N
Kaerden 52 17
Namur 50 28
Nancy 48 41

Nangasaki 32 45
Nankin 32 4
Nantes 47 13
Naples 40 50
Narbonne 43 11

Narva 59 22
Narvase Isle .... 18 22
Naseby steeple . . . 52 23
Necker, Isle of . . . , 23 34
Needles, lighthouse . . 50 39
Neschin 51 2
Neustadt 47 48
Nevers 46 59
New Year's Harbour . , 54 48
New.-irk 53 55
Newark steeple ... 53 4
Newmarket 52 15
Newnham Cape . . . 58 41
New York 40 40
New Zealand, North Cape 34 26
Idem. South Cape . . 47 19
Nice 43 41
Nidingen 57 18
Nieuport 51 7
Nieves Isle, S. point . . 17 5
Nimeguen 51 51
Nismes 43 50
Ningpo, on the Liampo . 29 57
Nizhnei, Novogorod . . 56 19
Nizhnei, Oudinsk . . . 54 55
Nocera 43 6
Noel, isle of 1 57
Noel, harbour of . . . 55 21
Noirmoutier 47
Norburg 55 3
Nordingen 48 51
Nordkoping 58 35
Norfolk isle 29 1

Norham castle . . . . 51 43
Norriton 40 9
Norr Telge 5q 45
North Berwick Law, staff 56 3
Noto Cape 37 39
Nottingham steeple . . 50 57
Novara 45 26
Novogorod . . . , . 58 31
Nootka Sound . ... 49 35
^'oyon 49 34

45 N
40 N
33 N
ON

15 N
OS
SON
17N
59 N
40 N
ON

20 N
ION
13 N
48 N
ON

49 N
.30 N
55 N
.50 N
40 N
6N
ISN
22 N
53 N
19 N
52 N
ON
53 N
45 N
27 N
17 N
54 S
19 N
SON
28 N
SON
ON
S
S

16 N
21 N
54 N
12N
20 N
8N

45 N
43 N
22 N
40 N
45 N
54 S
5N
53 N
ON
ON

45 N
29 N
56 N
45 N
8N

12 N
8N

38 N
32 N
15 N
42 N

37 33
43 50
4 47
70 57
4 28

70 2,5

1.56 2

139 42
10 28

7
3

11

7

37
57
34
36

52 56
5 4

74 22

5 9
4 51

6 10
129 .52

118 47
1 22

14 15

3
28 14

75 7

59
164 31

1 33
31 49
15 13

3 9
64
8 31

49
27

162 19
73 58
173

167

7
11

2

62 33
5 50
4 21

120 18

44 28

99 1

12 46
157 34

69 47
2 14

9 45
10 28
16 11

168 10
2 8

7.5 33
18 39
2 42

137 35
1 8

8 37
31 16

126 36
3

1

8
16
55
45

OE
15 E
55W
30VV
30W
15\V
SOW
6W

45 E
38 E
20W
30 E
21 E
SOW
15 E
52W

50 E
7E

31 E
7E

15 E
44W
45 E
22 E
30 E
45W
3W
45W
.55W
45 E
32 E
31 E
14W
24 E
18W
12 E
15W
37 E
30 E
15 E
35 E
OE
15 E
21W
51 E
15 E
15 E
SOE
45 E
17 E
45W
14W
7W

52 E
SOE
OE
15E
SOW
SOW
OE
IIW
OE
14W
46 E
24 E
46W
SOE

Nuremberg
Nurtingen

O
Ocanna
Odemira, the bar
Odessa . .

Oerebro . .

Ohelema Isle

Ohitaliou Island

Okhotsk .

Okosir Isle

Oldenburg
Oleron
Olinda .

Olonne
Onehecow Isle

Oonalaska Isle

Oporto . .

Oran, castle of St Croix
Orange
Orchiila Isle

Oregrund
Orel . . .

Orenburgh .

Orford, Cape
Orizava peak
Orleans . .

Orleans, New
Ormskirk spire

Oropesa, Cape
Orrengrund
Orsk . . .

Ortegal, Cape
Orwell pole
Osimo . .

Osnaburgh
Ostaschoff

Ostend
Ostero<le .

Oster Ri.soer

Ost-Hammar
Otchakof .

Otaheite Isle

Ouessant Isle

Owyhee Isle, north point
Oxford observatory

P
Paderborn . . .

Padua observatory
Paimbeuf

. . .

Paix, port de . . .

Palamos ....
Palermo observatory
Palk's Tower . .

Palma
Palma Isle, at Tassacorte
Palos Cape
Pamiers

49 24 55 N
48 37 36 N

Parapelqna
Panama
Para . .

Paris, imperial observatory
Do. Obs. Coll. of Fran.
Do. Ob. Palace of Arts
Do. Obs. of the Mil. School
Do. Obs. of Mesier . .

Do. Obs. of Delambre
Parkham steeple . . .

39 56
38 39
46 29
59 17

22 27
9 -55

59 20
42 9
S3 8

43 11

8 13

46 29
21 49
.53 54
41 8

35 44

44 8

11 52
60 20
52 54
51 46
42 52
19 2
47 54
29 57
53 34
40 5
60 15

51 12

43 46
52 5
43 29
52 16

57 9
51 13

51 44
58 42
60 14
46 37

9 55
48 28
20 17
51 45

51 43
45 24
47 17

19 55
41 51

38 6
50 39
39 34
28 38

37 37
43 6
42 49
8 58
1 28

48 50
48 50
48 51

48 51
48 .51

48 51

50 58

33 N
ON
SON
12 N

S
30 S
ION
ON
40 N
IN

S
52 N
.30 N
43 N
56 N
27 N
ION
ON
ON

40 N
5N
ON
17 N
12 N
45 N
12N
33 N
ON
SON
40 N
41 N
36 N
S5N
40 N
57 N
15 N
3SN
SON
29 N
30 S
8N
ON

40 N

37 N
2N

15 N
ON
ION
44 N
53 N
4N
ON
15 N
41. N
57 N
50 N

S
14 N
58 N
29 N
6N
4N

38 N
I4N

H 4 1 5 E Mathciiiati-

9 19 30E '^»'

<i««^phy.

3 30 51W
•8 50 27

W

SO 45 23 E
15 13 20 E
150 46 45

W

139 8 2.5W
143 13 45 E
139 30 OE

8 14 35 E
36 15W

35 5 15W
i 47 SOW

160 13 15W
106 26 45

W

8 36 9W
39 24W

4 48 23 E
66 5 46W
18 26 30

E

35 57 13 E
55 4 45 E

124 25 OW
97 15 OW
1 54 41

E

89 58 SOW
2 52 36W

8 25E
26 35 5 E
58 31 OE
7 54 OW

IE
13 27 23 E
8 1 11 E

33 12 21 E
2 55 8E
10 16 54 E
9 19 55 E
18 23 30 E
31 26 ISE
5 3 6W

166 26 45

W

155 58 45W
1 15 SOW

8 43
11 52
2 1

72 S3
3 5

13 22
3 34
2 39

17 57
41

1 36
1 41

79 27
48 39
2 20

20
20
18
20
21

18

51 E
45E
31W
SOW
OE
OE
46W
15 E
45W
OW
36 E
15W
15W
45W
15 E
ISE
45 E
ISE
17 E
32 E
51

W
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Namn of Place*.

GEOGRAPHY.
Latitude. Longitude. Names of Places. Latitude. Longitude.

>rathemali. Parma 44 48 1 N
cal Geogra- pag^ 1 13 6 N

P*"!;. Patience Cape .... 48 52 E
•""^

Patrixfioi-d . . . . 65 35 45 N
Pavia . 45 10 47 N
Peel castle 54 3 49 N
Pekin, Imperial Observ. . 39 54 13 N
Pelew Isles at Ourolong . 7 18 ON
Pello 66 48 16 N
Pembroke Cape . . . 62 57 ON
Pendcnnis Castle . . . 50 8 49 N
Penicho, Cape Corvoeiro . 39 21 48 N
Peniscola 40 22 40 N
Penlec 50 19 24 N
Penrith beacon .... 54 50 37 N
Pera, Capeof 39 42 12 N
Perekop , 46 8 57 N
IVrigueux 45 11 8 N
Perinaldo 43 53 20 N
Perm 58 1 13 N
Perotta 19 32 54 N
Perouse 43 6 46 N
Pei-pignan 42 42 3 N
Pesaro 43 55 1 N
Petatlan, Morro de . . 17 32 ON
Peterborough cathedral . 52 35 40 N
Petersburgh 59 56 23 N
Petropaulowskoi . . . 53 15 N
Petrosawods 61 47 4 N
Pettau 46 26 21 N
Petworth 50 54 12 N
Pevensey 50 49 11 N
Philadelphia 39 56 55 N
Philipville 50 11 19 N
Philippine 51 16 55 N
Philipsburgh .... 49 14 1 N
I'iacenza 45 2 44 N
Pico, isle of, the peak . . 38 27 ON
Pickersgill, harbour . . 45 47 27 S
Pilares, Cape .... 52 46 S
Pi'.ier, Isle of .... 47 2 32 N
Pillau 54 33 39 N
Piombino . . . . . 42 55 27 N
Pisa 43 43 1 1 N
Pitcaim Isle 25 22 S
Pittenweem spire . . . 56 12 48 N
Planier, isle of . . . , 43 1 1 54 N
Plata, La 2 23 S
Plymouth 50 22 24 N
Plynlymmon .... 52 28 3 N
Poictiers 46 35 N
Pollingen 47 48 17 N
Polotz 55 28 56 N
Pondicherry 1 1 55 41 N
Ponoi 67 4 33 N
Poole 50 42 50 N
Popayan 2 26 I8N
Popo Isle 1 15 45 S
Porkak-udd, Cape . . . 59 56 10 N
Porquerolles, citadel . . 42 59 48 N
Port Royal 18 ON
Port au Prince . . . . 18 33 42 N
Portland, upper lighthouse 50 31 22 N
Portland, isle of ... 63 22 N
Portland isles, the mosteastern 2 36 S
Porto 41 46 44 N
Porto Bello 9 S3 9 N
Porto CabeUo . , . , 10 28 22 N

10 26 45 E
77 21 25W
144 46 45 E
24 8 S8W
9 9
3 9

116 27
134 40

5823
81

5

9

2

3
33

48 E
41W
45 E
15E
30 E

59 45W
1 44W

23 56W
29 SOW

4 10 40

W

43 59W
31 40 E
42 9 E
43 34 E

7 44 OE
56 26 30 E
97 13 24W
12 22 13 E
2 54 9E
12 53 36

E

101 20 39

W

14 45W
30 18 45 E

49 OE
23
59
34

158
34
15

75
4
3

8

9
28
166

45 E
26 E
9W

20 29 E
H 30W
32 34 E
45 27 E
26 49 E
42 32 E

15W
24 E
14W
5W

30 E
2E
OE

28
18

74 51

2 21

19 52
10 31

10 24
133 20 45W
2 43 2W
5 14

1

1
46
20 43 E

11 9 OE
28 48

51

9
58

76 39 54W
129 41 30 E
24 26 35 E
6 12 15

E

76 45 15W
72 27 llW
2 26 50VV

18 53 45W
149 39 OE
12 14 25

E

79 35 15W
68 16 45W

75
4
3

79
41

1

1 E
35W
31W
4W

OE
45 E
15W
55 E

Porto Ferrajo .... 45 49 6 N
Porto Galatc . . . . 43 20 10 N
Porto Rico Island, the town 18 29 10 N
PortoUico,CapeStJohn,E.P.18 26 N
Porto Rico, Cofre a Morts 17 50 ON
Porto Rico, N. W. point . 18 31 18 N
Porto Santo, Isle of . . 33 5 N
Porto Vecchio . . . . 41 35 29 N
Portsmouth Academy . 50 48 2 N
Portsmouth, America . . 43 4 15N
Prague 50 5 19 N
Praslin port . . . . 4 49 27 S
Prater's Banks, N. E. ex. 20 57 30 N
Prater's Banks, S. VV. ex. 20 42 N
I'resbourg 48 8 7 N
Prescot spire .... 53 25 45 N
Princes, Isle of, harbour 1 37 ON
Idem 6 36 15 S

Prince Edward's Isle 46 46 S
Prior Cape 43 34 15 N
Providence 41 50 40 N
Providence Isle, Nassau 25 4 33 N

Q
Quebec 46 47 30 N
Quedlingburg . . . . 51 47 58 N
Queensberry hill . . , 55 17 2N
Quelpaert Isle . . . . %S 7 49 N
Queretaro .20 36 39 N
Quimper 47 58 29 N
Quito 13 17 S

R
Ramhead 50 18 52 N
Ramsey Island, highest part 51 51 43 N
Randers 56 27 48 N
Raoul Isle», N. W. point . 39 15 45 S
Ratisbon 49 53 N
RatmanofF Cape , . . 51 30 N
Rauma 6l 8 N
Ravenna 44 25 5 N
Razat, Cape . ... 33 4 ON
Raze, Cape 46 40 N
Real Corona . ... 8 26 N
Recanati 43 25 44 N
Research, port of ... 43 32 23 S
Remedies, port de . . . 57 24 15 N
Rennes 48 6 50 N
Rendsburg 54 18 40 N
Retford, east spire . . 53 23 58 N
Reyes, point of .... 38 8 N
Revel 59 26 33 N
Rhe, Isle of; lighthouse 46 14 49 N
Rheims 49 14 41 N
Rhodez 44 21 8 N
Richmond 51 28 8 N
Riesenkuppe 50 43 18 N
Rieux 43 15 23 N
Riez ....... 43 48 57 N
Riga 56 57 1 N
Rhnini 44 3 43 N
Riobamba, Nuevo . . . 1 41 46 N
Rio Janeiro, the castle . 22 54 2 S
Ripatransone . . . . 43 24 N
Ripon church . . . . 54 8 1 1 N
Roca, Cape 38 46 6N
Rochefort . . . . . . 45 56 ION
Rochelle 46 9 21 N
Rodota 40 58 34 N
Rodrigolsle . . , . ig 40 40N

10 19 35 E Maiheraat

3 5 SOW cal Geogr

%Q> 13 15W ,
Phy.

65 43 15W '-' V-
m 38 15\V
&% 12 18W
16 17 15VV

9 16 37

E

1 6 IW
70 43 0\V
14 25 15 E

153 6 45E
116 57 45

E

116 40 15

E

17 10 45

E

2 47 44W
7 40 15 E

105 15 15

E

37 55 OE
8 22 0\V

71 19 45

W

77 22 6M'

71 9 4.5

W

11 7 S9E
3 .34 47W

126 18 57 E
100 10 15\V

4 5 45VV
78 45 15\V

4 12 29\V
5 19 36VV
10 3 32E

181 55 55 E
12 4 30E

143 43 OE
21 27 5E
12 10 51

E

21 47 51 E
52 3 15W
64 45 OW
13 31 23

E

147 6 15 E '

135 53 50

E

1 40 47W
!) 39 53 E

54 3W
122 57 OW
24 35 9E

1 33 2,5W
4 2 47E
2 34 29 E !

18 .30W 1

15 40 OE
i

1 12 35E 1

6 5 21 E !

24 7 45

E

12 32 51

E

78 48 46\V
43 17 44

W

13 44 45

E

1 30 47W
9 29 2lW

57 34W
1 9 40W

27 25 31 E
63 11 45 E



Names of Place*.

RomanzofT .....
Romberg
Rome, St Peter's . . .

Ronaldsay Cape . . .

Uondoe ....
Rosetta

Rossjil point, landmark .

Rot
Rothenburgh ....
Rotterdam
Roneii

Rour, Isle of ....
Roverida

Royan
Royston steeple . . .

Rube, or Rypen ....
Rufflaw

Ruremonde
S

Saba, middle of the lale

Sabionetta

Sable, Cape of ... .

S.ichalin Isle, N. point

Sacratif, Cape ....
Saddle Back ....
Saeby
Saeloe lighthouse , . .

Sagan
Sagewicn Isle ....
Saints, bay of ....
Salisbury spire ....
St Andrew, Cape . . .

St Anthony, Cape . . .

Idem
Idem
Idem, port ....

St Anthony's Head , .

St A ngustine, bay . .

St Bartholemy Isle . .

St Bertrand

St Bla, harbour ....
St Brieuc

St Carlos

St Christopher's Isle, . .

St Claude
St Diego
St Diez

St Elie, mountain . . .

St Esprit

St Eustathia Isle, road
St Fiorenzo

St Flour

St Francjais port . . .

St Genest, tower of . .

St George, isle, S. E. point
Idem, cape

St Ines, cape

St Utrate, isle, S. E. point
St John, isle, east cape .

Idem, fort

Idem, cape

St .Joseph

St .Iiilien, harbour . . .

St Kivern
St Levan, point , . .

St Lizier

St Louis Fort, old . . .

St Lucas, cape ....

GEOGRAPHY.
LntUude. Longitude. Saoti of Place*.
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I.atituile. Longitude.

:;i N
ON
35 N
ON
18N

4.5 25 50N
53 26 SON
41 53

59 20
62 21.

31 25
53 5t

47 59 24

N

48 29 36

N

51 55 22 N
49 26 27

N

33 40 S
55 36 N
37 28 N
a 53 N
19 57 N
13 16N
11 48N

1

45
45
52
55
55
51

17 39 SON
44 59 47 N
43 23 45

N

54 21. SON
36 41 ON
54 38 SON
57 20 2N
58 21 ON
51 42 12

N

56 45 S
32 10'50 S
51 3 56

N

35 36 SON
21 54 ON
36 52 30 S
38 49 50

N

45 2 30 S
50 8 34N
23 35 29 S
17 53 SON
43 1 27N
21 32 48

N

48 31 2N
1 53 42N

17 19 SON
46 23 18

N

32 39 .30 N
48 17 27

N

60 17 35

N

14 56 8 S

17 29 ON
42 41 2 N
45 1 53N
37 48 30

N

43 22 ION
38 30 45 N
4 51 17 S

54 8 S
39 30 15 N
18 20 SON
47 38 45

N

54 56 S
23 3 13N

SOS
3 6N
3 54.N

3N
18 14 27E
22 52 28 N

OW
17W
9E

49
50
so
43

141 34 SO E St Lunaire, bay of

141 44 45 E St Malo ....
12 28 15 E St Mark, the cape of

2 45 15VV St Marcou, isle . .

5 35 40 E St Martin de Rhe .

so 28 20 E St Martin, isle, N. \V. point

3 2 20W St Matthieu, lighthouse .

12 8 45 E St Michel, the mountain
8 56 54 E Idem, isle, west point .

4 29 HE Idem, west point . . .

1 5 .59 E St Omer
143 12 45 E St Papoul

11 35 E St Paul

I 1 I7W St Paul, trois Chateaux .

1 9W St Paul de Leon . . .

8 47 20 E St Polten

1 45 13W St Pons

5 59 14 E St Quintin
St Sebastian

St Thomas, isle, harbour of
St Thorn de Nue . . .

St Thomas ra Guaya Isle,

the Road
St Tropez
St Valery sur Somme . .

St Vincent, cape . . .

St Yago isle, la Praya . .

St Agnes, lighthouse . .

Sta. Barbara . . • . .

St Catherine isle. Fort Atom
Idem, tower ....
Idem, isle

St Cathalina

St Clair, isle

St Croix, isle. Cape Byron
St Croix, harbour . . .

St Domingo
St Elizabeth

Sta. Fe
Sta. Fe de Bogota . . .

St Helena, isle ....
Sta. Maria, isle, S. E. point

Idem, isle

Idem, cape
Sta. Martha
Sta. Manza, tower .

Sta. Reparata, tower . .

Sauites

Suintes

Salagua

Salamanca
Salayer, north point

122 8 OW Sale, or Rabath ....
4 39 15 E Salehhieh .....

27 51 OW Salizano, cape ....
152 48 55 E Salonica

66 57 26W Salou, cape
24 45 SOE Salzburg
64 47 9W Salvages, Isles of . . .

52 39 45W Samana, isle, west point .

63 57 OW Idem, cape

109 40 53W Samara
67 43 14W Sandsoe, isle

5 4 8W Sandwich, isle of . . .

5 41 4W Idem, Southern Thule .

1 8 20 E Sandy Cape
73 39 9 E Sandy Hook, lighthouse .

109 50 23W Saiigaar, Cape ....

63 20 49W
10 30 5E
65 29 45W
142 46 30 E

3 27
3 2

10 33
11 15 .30 E
15 22 SOE

130 33 15 E
133 54 13 E

1 47 24W
34 32 45 E
84 57 15W
56 47 14W

9 30E
65 48 44W
4 59 SlW

43 9 15E
63 15W

34 19E
105 15 S3W

2 43 S5W
67 38 15W
62 49 15W
5 52 5E

117 16 58VV
6 56 54

E

140 51 6VV
166 59 6

E

63 4 45W
9 17 43

E

3 5 39E

20
43 16

50 11

37 2
14 53

49 53
34 24
27 21

50 35
35 52
10 53
30 45
10 41

17 44
18 28
48 30
30 12
4 35
15 55
36 56
49 57
36 55
11 19
41 24
41 14

15 51

45 44
19 6
20 40
5 45

34 5

30 48
35 10
40 as
41 4

47 48
30 8

23 9
19 16

48 29
68 56
58 33

59 34
24 45
40 25
41 16

ON
27 N.

21 N
54 N
40 N
37 N
ON
58 S
33 N
ON
50 S
15N
OS
8N

40 N
17 N
ON

48 N
OS

47 N-
SON
24 N
34 N
59 N
7N

25 N
42 N
ON
ON
S

ON
28 N
45 N
7N
SON
ION
SON
ION
26 N
35 N
15N

S
S

OS
OS
SON

6 48
6 38
1 37
8 58

23 31

19

7
3

12

6
119
48
1

27 39
162 26
129 54
166
64

4
47

69 59
32 27
104 53
74 14
5
25
6
7

74

9
9

61

38
104 28
100 55
120
6
31

32

49
18

15

47
8

15

8

40

25
42

59
8

22 56
1

13

15 54
73 54
69 13

35 20
16 ,57

26 45

27 44
153 9
74 13

140 14

15E
44 E
51 E
39W
15W
33W
OW
45W
51W
45 E
45 E
15E
45 E
29W
37W
45 E.
45W
5SW
45W
SOW
15W
14W
30W
HE
37 E
25W
2W
OW
45W
15 E
45W
45 E
IDE
OE
SOE
24 E
45W
28W
35W
15E
15E
45W
45W
15 E
OW
OE
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Names of Pltcas. Latitude.

Mathemati- Santa 8 5.9 3 S

tal Geogra. Santona 4.3 26 50 N
Pi'y- Sapata isle, east point . 10 4 30 N

^^^^
Saratov 51 31 28 N
Saristcheff, peak . . . 48 . 2 ON
Sarlat 44 53 20 N
Sarot, 40 36 37 N
Savannah, lighthouse , . 32 45 N
Savu, isle, north point . 10 24 20 S

Schiedam . . . . . 51 55 9 N
Schleswig 54 31 27 N
Schlukenau 51 30 N
Schnittken 53 48 10 N
Schreckhorn, mount . . 46 31 42 N
Schwats 47 22 50 N
Schweidnitz . . . . 50 50 37 N
Schwezingen .... 49 23 4 N
Scilly Bank . ... 54 S3 43 N
Scott Isles, west extremity 50 52 ON
Seez 48 36 28 N
Seieroe .W 52 55N
Selinginskoi Ostrog . . 51 6 6 N
Selivrie 41 . 4 3,5 N
Selsey 50 45 19 N
Senez . . . . . . . 43 54 40

N

Senlis 49 12 28 N
Sens 48 11 55.N
Setuval 38 28 54 N
Sevastopool 44 41 30 N
Shaftsbury, Trinity steeple 51 24N
Siieemess 51 27 ' 3 N
Sherf hiU beacon stafF . .

'

54 52 59 N
Shields, North, steeple . 55 48 N
Shipunskoi Noss . . . 52 55 ON
Sherburne, castle . . . 51 39 25 N
Shoreham 50 50 ON
Shrewsbury,StChad'ssteeple52 42 28 N
Siam 14 20 40 N
Sienna 43 22 ON
Siezran 53 9 53 N
Sines, castle . . . . 37 57 30 N
Singanfu 34 16 45 N
Sinigaglia 43 43 16 N
Sinope 42 2 16 N
Siout 27 13 14 N

- Sirevaag 58 29 40 N
Sisteron 44 11 51 N
Skagen Cape, lighthouse 57 43 44 N
Skanor 55 24 52 N
Skiddaw mountain . . 54 39 1 2 N
Skudenas 59 8 45 N
Slough . 51 30 20 N
Smalkald 50 44 36 N
Small's lighthouse . . 51 43.18 N
Smeinagors 51 9 27 N
Smyrna 38 28 7 N
Snares, isle of .... 48 3 S
Snea Fell 54 1 7 28 N
Snies, castle of .... 37 57 SO N
Snowdon 53 4 9N
Soder Arm, lighthouse . 59 46 ON
Soder Hamn . . . . 61 1 7 47 N
Soissons 49 22 52 N
Sombrero 18 38 4 N
Somersham steeple . . 52 23 46 N
Sonderburgh 5.^ 54 59 N
Somlerhausen . . . . 51 22 33 N
Southofen 47 31 7 N

GEOGRAPHY.
Longitude. Names of Placet. Latitude. Longitude.

78 52 45W
3 20 27W

109 13 15 E
46 15 E

152 52 36 E
1 13 4E
26 42 17 E
80 56 45W

121 46 35 E
4 24 OE
9 33 57 E
14 26 30 E
21 27 42 E
8 8 26 E

11 39 30 E
16 27 15 E
8 34 19

E

3 32 54W
129 28 SOW

10 59 E
11 10 25 E
106 38 45 E
28 11 3E

45 41

W

6 24 20

E

2 35 13 E
3 16 59 E
8 53 32W

33 15 35 E
2 11 25W

46 6E
1 34 23W
1 26 27W

159 43 OE
57 I5W
16 19W

2 44 53W
100 50 15E
11 10 15 E
48 25 OE
8 44 45W

108 57 OE
13 11 45 E
34 41 15 E
31 13 S2E
5 44 15E
5 56 2E

10 37 50 E
12 50 30 E
3 8 9W
5 19 15E

36 OW
10 26 15 E
5 58 34W

82 9 45E
27 6 48E
166 20 OE
4 26 46W
IS 33 15 E
4 3 38W
19 26 30 E
17 30E
3 19 37 E

63 31 46W

9 47 13 E
10 45 21 E
10 16 23 E

Soulon, isle Tulian ... 5 57 N
Sourabaya 7 14 23 S
South Foreland, lighthouse 51 8 26N
South Sea, castle . . . 50 46 43 N
South Molton steeple . . 51 1 18N
Southerness point, landmark 54 52 30 N
Soutra hill pile . . . . 55 51 IN
Sparogskaia-Sjebza . . . 4 1 3 1 35 N
Spartel, Cape . . . . 35 48 40 N
Speard, Cape . . . . 47 31 22 N
Specia 44 4 ION
Spichel, Cape . . . . 38 24 54 N
Spire 49 18 51 N
Spoleta 42 44 50 N
Stade 53 36 32 N
Standish spire . . . . 53 35 17 N
Stanmore station . . . 51 37 17 N
Stanque de Vares . . . 43 47 25 N
Staples, West, lighthouse 55 37 UN
Staples, East, lighthouse ' 55 38 9 N
Start Point 50 13 26 N
Stathern point . . . . 52 52 33 N
Stavanger 58 58 20 N
Stickhausen 53 13 ION
Stockholm 59 20 31 N
Stolberg 51 35 ON
Stralsund . . . . . . 54 I9 ON
Strasburg 48 34 56 N
Stretham steeple . . . 52 21 41 N
Stromness Isle . . . . 58 56 ON
Stromstadt 58 55 SON
Stuttgard 48 46 15 N
Suez 29 59 6 N
SufFren, bay of . . . . 47 51 ON
Sulphur Island .... 24 48 N
Sunderland lighthouse . 54 55 12 N
Sunds-vall 62 22 30 N
Surville Cape . . . . 10 50 30 S
Sutton spire 53 7 36 N
Sviraffham spire . . . 52 1 5 35 N
Swansea castle . . . . 51 37 13 N
Syene 24 5 23 Nm

J.

Tacuba I9 31 ON
Taganrock 47 12 40 N
Tagoraago Isle .... 39 SON
Tali Isle, point Venus . 17 29 17 S
Talcaguana . , . . . 36 42 21 S
Talsarn ...... 62 13 8 N
Tambow 52 43 44 N
Tamerton, North, steeple 50 45 5 N
Tanna Isle, port Resolution 19 32 25 S
Tara 56 54 31 N
Tarapia 41 8 24 N
Tarbes 43 13 52 N
TarifFe Isle . . . . . 36 30 N
Tarquinio, peak . . . 19 52 57 N
Tarragona 41 8 50 N
Tarvestad 59 22 40 N
Tasco 18 35 ON
Tassi Isle 40 46 40 N
Taunton, St Mary's . . 51 59 N
Tavastehus 61 3 ON
Tavolara, tower of . . . 40 54 46 N
Tcherkask 47 13 34 N
Tchukoskoi-Noss . . . 64 14 30 N
Tedeles, Cape . . . . 36 57 ON
Teklenburgh . . . . 52 13 28 N

121 15 45 E Matha
112 41 28 E cal G«

1 22 6E I^
1 5 2W

^

\

3 49 17W ;

3 34 53VV !;

2 45 6\V
34 22 45 E
5 50 low

52 37 35W
9 52 OE
9 12 32W
8 26 16

E

12 35 46 E
9 28 34 E
2 39 4W

20 38W
7 39 OW
1 38 5IW
1 37 5W
3 38 21W

49 50W
5 56 45

E

7 36 30

E

18 3 30E
10 5Q 53

E

13 32 15

E

7 44 51

E

13 48

E

3 31 5W
11 12 OE
9 11 OE

32 35 20

E

139 32 56E
141 20 15 E

1 21 16W ,

17 16 30E
162 21 57

E

1 42 38W
18 39 E

3 55 S2W
32 5i 34 E .

m 8 45W
38 39 OE \

1 40 40E . 1

149 30 15W 1
73 39 12W 1

4 7 8W
41 45 15 E

.

4 22 44W
164 39 41

W

74 18E -

29 45E
4 14E

5 35 15W
76 50 7W

1 15 30

E

5 15 5E
99 29 45W
24 39 9E
3 5 22W
24 26 30 E ll
9 43 28 E 1

3% 23 15 E ll

178 11 15 E
4 14 3E |F

7 47 25 E r



Names of Places.

GEOGRAPHY.
Latitude. Longitude. Names of Places.

. Tenedos Isle, nortli-east pt. 3.0 51 15 N
TenerilTc Isle, the peak . 28 17 ON
Mem. from the moleSt Croix 28 28 30 N
Terccralsle . . . . 38 38 10 N
Teniuy, bav of .... 45 .10 32 N,

Terracinu
' .... 41 18 UN

Tescuco 19 30 40 N
Tewkesbury steeple . . 51 5y 27 N
Thebes, ruins of ... 25 43 N
Thiels 51 4 N
Three KiiifTS Isle, themostE.:}* 12 30 S

Tiburon, Cajie . . . . 18 19 25 N
Tiltoii on the Hill ... 52 38 4f) N
Timana 1 58 32 N
Tinian Isle 14 58 ON
Tobago Isle .... 11 6 ON
Tobolsk 58 11 42 N
Tolucu 19 16 19 N
Tomependa .... 5 31 2 S

Tomsk 56 29. 38 N
Tomlern 54 56 SON
Tongataboo Isle . . . 21 7 35 S

Tongres 50 47 7 N
Tonningcn 54 19 25 S

Toothill telegrapli . . . 50 57 56 N
Torulo 65 50 50 N
Torschock 57 2 9 N
Tortona 4* 53 26 N
Tortosa, the cathedral . 40 48 46 N
Tortua, isle, S. E. point .120 3 33 N
Tortugaisle . . . . 10 .^9 ON
Totma 60 8 ON
Totness steeple . . . . 50 25 57 N
Toiil 48 40 32 N
Toula 5* 11 40 N
Toulon 43 7 9N
Toulouse 43 35 46 N
Tournay 50 36 20 N
Tours 47 23 46 N
Trafalgar, Cape . . . 36 10 15 N
Travemunde . . . . 53 57 46 N
Trebizonde 41 2 41

N

Trecastle beacon . . . 51 52 58 N
Tregonning signal-staft" 50 6 59 N
Treguier 48 46 54 N
Trelleborg 55 22 14 N
Trent 46 6 26 N
Tres Forcas 35 27 55 N
Treves 49 46 37 N
Trevose Head . . . . 60 32 57 N
Triest 45 38 8 N
Trincomalee .... 8 32 ON
Trinidad 21 48 20 N
Trinity, isle 10 38 42 N

Idem, isle 20 31 OS
Tripoli 34 26 25 N
Idem 32 53 40 N

Troyes 48 18 5 N
Triimpington steeple . . 52 10 45 N
Truxillo 869s
Tschirikofi; cape . . . 32 14 15 N
Tschitschagoftj cape . 30 56 45 N
Idem 8 57 OS

Tso-Choui 35 30 ON
Tsus Sima isle, north point 34 40 SO N
Tubingen 48 31 ION
Tulles 45 16 3 N
Tunis, or Fondouc . . 36 47 59 N

4

25 53 OE Turbaco 10 18

16 SiJ 4,5

W

Turin, 45 4.

16 16 45W Turks isles, Sandkey . . 21 11

27 12 40W Turer 56 51

137 1 15 E Twymbarlum mountain 51 37
13 13 22 E Tynemouth lighthouse . 55 1

98 51 OW Tvpa 22 9
2 9 7W Tymau 48 23
32 89 21 E U
3 19 42 E Udino 46 3

172 10 OE Uddevalla 58 21

74 34 OW Ufa 54 42.

51 45W Uffculm* steeple . . . 50 54
75 51 40W Ugborougli spire . . . 50 23
145 51 15 E Ulietea, isle 16 45
60 49 4.5VV Ulm 48 23
68 6 15 E Umba 66 44
99 21 SOW Umhea 66 4
78 36 22W Unst, isle 60 40
85 9 51 E Untiefen, capo of . . . 52 Si
8 53 42 E Upsal 59 51

175 12 S9W Urals 51 11

5 27 43 E Uraniburg 55 54
8 58 45 E Urbino 43 43
1 27 6W Ust-Kamenorsk ... 49 56
24 12 15 E Utklippar 55 58
35 3 15 E Uto, isle, .... 59 47
8 56 32 E Utrecht 52 5

S3 OE Uzes 44
72 42 55W V
65 34 13W Vabres 43 56
60 41 15 E Vaison 44 14
3 40 29W Valdivia 39 51
5 53 16 E Valence 44 55

7 31 6 E Valentia 39 28
5 55 41 E Valladolid 19 42
1 26 36 E Valparaiso 33
3 23 17 E Vannes 47 39
40 38 E Varberg 57 6

6 OW Varna 43 6
10 51 40 E Vavaoisle 18 33
39 28 OE Vence 43 43
3 41 35W Vendola, isle .... 2 14
5 20- IW Venice, St Mark ... 45 25
3 13 35W Venloo 51 22

13 10 30 E Vera Cruz 19 H
11 3 45E Verden 52 55
2 56 lOW Verdun 49 9
6 38 20 E Verona observatory . . 45 26
2 54W Versailles 48 48
13 47 8E Vianna 41 42
81 12 15 E Vibora 16 50
80 52W Viborg 56 27
61 38 OW Vicenza ...... 45 31
28 36 44W Vienna 48 12
35 44 20 E Vienne 45 32
13 21 22 E Vigevano 45 18
4 4 49E Vigo 42 13

6 58W Villa deConde .... 41 21

79 3 22W Villa del Pao .... 8 38
131 41 30 E Villach 46 35

30 E Villalpando 41 51
llW Ville Franche .... 43 40
7 E Virgin Gorda, east cape . 18 31

7 E Virgins Cape .... 52 2

1

35 E Viviers, observatory . . 44 29
13 E Voghera 44 59

10 11 15 E Vologda 59 13

130 36
139 42
129 16

129 27
9 3
2 54

183
>dc. Liingituile.

tt e 1 It

5N 75 21 38W .Mtthonati-

6N 7 40 15 E "J Geogra-

ION 71 14 .52W ,„pIJ^
44 N 35 57 23 E ''

41 N. 3 4 55W
21 N 1 24 SIW
20 N 113 44 OE
5N 17 35 15 E

14 N 13 15 2E
15 N 1 1 .56 30 E
45 N 55 53 45 E
15 N 8 19 16W
13 N 3 50 53W
35 N 151 36 45

W

20 N 9 59 6 E
SON .34 13 OE
ON 20 22 30

E

ON 46 45W
SON 143 14 SOW
50 N 17 39 OE
ON 51 35 .30 E
38 N 12 42 59

E

36 N 12 37 5E
45 N 82 40 15E
ON 15 41 30E
18N 21 17 19E
SIN 5 7 16E
45 N 4 25 17

E

27 N 2 50 31 E
28 N 5 4 9E
OS 73 26 15W

59 N, 4 53 25

E

45 N 23 3W
ON 100 52 OW
30 S 71 38 15W
26 N 2 45 4W
18 N 12 16 OE
56 N 27 59 7E
54 S 173 59 45

W

13 N 7 6 44E
OS 148 10 6 E
32 N 12 20 59

E

17 N 6 10 31 E
52 N 96 8 45W
37 N 9 12 45 E
31 N 5 22 17 E
7N 11 1 15E

21 N 2 7 22 E
36 N 8 42 39W
ON 78 23 .34W '

UN 9 26 20 E
40 N 11 38 24

E

40 N 16 22 45 E
57 N 4 53 39 E
54 N 8 52 IE
20 N 8 33 SOW
20 N 8 36 28W
IN 64 48 OW
ON 13 52 15

E

ION 5 24 16W
20 N 7 19 30E
7N 64 25 24W
OS 68 17 25W

14 N 4 41 OE
21 N 9 1 25E
SON 40 11 15 E



phy.
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Namei of Places.

Mathemati- Vona
*""

rC""" Vulcan,' isle of
'.'.'.'.

Idem
Idem, bay of Port End .

Idem, isle

W
Waigioa isle, Poni . . .

Wakefield
M'^aldeck

Waldes, harbour . . ,

Wallis isle

Walsingham cape . . .

Waltham spire ....
Wangeroeg lighthouse . .

Wanstead
Warasdin
Warberg, fort ....
Wardhuus . .-. . . .

Wardour castle . . .

"Warmensdorf ....
Warkworth castle . . .

Warren bank ....
Warrington steeple . .

Warsaw
Washington
Watelin isle, S.E. point .

Watford spire ....
Weaver Hill ....
Wednesbury spire . . .

Weimar
Welford steeple . . .

Wellington steeple

Wernigerode ....
Wesel
West Cappel ....
West Morchard steeple

Westende
Westerwick
Whattley spire ....
Whatton spire ....
Whernside mountain, great

Whernside, Ingleton fells

Whitchurch steeple

GEOGRAPHY.
Latitude. Longitude.

41 7 ON 37 46 45 E
5 32 20 S 148 4 1.5 E

10 25 12 S ]fi5 48 21 E
42 33 11 N 140 52 47 E
30 43 ON 130 16 40 E

Whitehaven windm
Wibourg .

Wildeshausen
Wilna . . .

Wilton beacon

11

2

53 41

51 12

42 30
13 18

62 39
52 49
53 48
SI 34
46 18

57 6
70 22
51 2
51 17

55 20
52 5

53 23
52 14

38 55
25 56
51 39
53
52 33
50 .-sg

52 25
50 58
51 50
51 39
51 31

50 51

6 48
57 44
61 13

52 57
54 9
54 13

51 52
54 32

60 42
62 54
54 41

53 69

SOS
2N
43 N
OS
OS
N

5N
26 N
ION
18N
18 N
36 N
32 N
13 N
54 N
49 N
SON
28 N
ON

31 N
16N
55 N
23 N
12N
5N

54 N
34 N
17 N
49 N
15N
OS
50 N
39 N
1 N
44 N
45 N
51 N
50 N
40N
26 N
2N

54 N

131 1

1 29

9 1

63 40
177 21

77 47
48

7 52
3

16 26
12 16
31

2

12 56
1 36
4 36
2

21

76 58

74 37
23

1 51
2
11 21
1 S
3 12

10 47
6 37
3 26
3 43

105 5

16 40
2 22

53

1

2
59
23

49
3 34
28 46
8 27

25 17
45

59 E
24W
32 E
15W
45W
45W
21W
35 E
45 E
6E
OE
OE
45W
7E
HW
18W
IIW
45 E
45W
2W
36W
low
44W
OE
13W
49W
28 E
8E
55 E
52W
15 E
15 E
23W
15W
24W
35W
49W
5()W
5E
54 E
27 E
29W

Names of Places.

Winchester cathedral

Winckley steeple .

Wingaac, pyramid of

Wing steeple .

Wisbv . . .

Wisp Hill . .

Wittenberg . ,

Woerden . .

WoUembuttel
Woburn Abbey
Wolverhampton Spire

Woodbury signal staff

Worcester
Workington Chapel .

Worms Head . .

Wornas

Latitude) Longitudf.

51 3

50 51

57 38
51 53
57 39
55 17
51 52

5

8

52
52
51 54
52 34
50 37
52 9
54 38
51 33
40 37

Woronetz 61 40
Wouhahou isle 21 40
Wrekin, the 62 40
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GEO
Geology, GEOLOGY, or Geognosy, is that branch of mi-

Geometrieal neralogy which relates to the arrangement and mode of

..
" /''"' formation of the different mineral substances of which

' ~ the earth is composed. We originally proposed to dis-

cuss this subject under the present article, but it has
been thought proper to include it under the general
head of Mineralogy.
GEOMETRICAL Analysis, is the particular form

of proceeding, employed by the ancient geometers in the
investigation of geometrical truth. It originated in the
school of Plato, and was alike applicable to the demon-
stration of theorems, and the investigation of problems.
We learn from the writings of Pappus Alexandrinus,
that in his time tliere existed thirty-three books rela-

ting to this subject ; many of these have been lost, and
1

GEO
their restoration has afforded an exercise to the inge-

i

nuity of mathematicians of modern times.

We have sufliciently indicated the nature of the geo-
metrical analysis, and the mode of its application in our

article Analysis. Wlicn at that pare of our work, it

was our intention to have treated at some length on the

subject in this ])lace ; but as we dvanced, we have,

with a view to give sufficient room to other oranches of

knowledge, found it necessary to limit somewhat our
views. The history of its origin and progress will be
found in the intrjoduction to the article Geometry, and
it will be noticed again under the words Inclination,
Locus, PoRiSM, Tanoency, and Section. Works
which treat on the subject are enumerated in the in-

troduction to Geometry. (J)
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GEOMETRY.
Geometry is that branch of mathematics which treats

of the properties of extension and figure. The name is

derived from yiwafr^ia, the science oflaud measuring.

There is a certain degree of geometrical knowledge

which naturally arises out of the wants of man, in every

state of society. It is impossible to build houses and

temples, or to apportion territory, without employing

some of the ])rinciples of geometry. Hence we cannot

expect to find a period of society, or a country in which

it was altogether unknown.
Ancient writers have generally supposed that it was

first cultivated in Egypt; and, according to some, it de-

rived its origin from the necessity of determining every

year the just share of land that belongetl to each pro-

prietor, after the waters of the Nile, which annually

overflowed the country, had returned into their ordina-

ry channel. It may however be remarked, that the

obliteration of the landmarks, by the inundation, is

quite a coniecture, and not a very probable one.

Some wnters, among whom is Herodotus, fix the

origin of geometry at the time when Sesostris intersect-

ed Egypt by numerous canals, and divided the country

among the inhabitants. Sir Isaac Newton has adopted

this opinion in his chronology, and has supposed that

this division was made by Thoth the minister of Sesos-

tris, who, according to him, was the same as Osiris

;

and this conjecture is supported by some ancient autho-

rities. Aristotle has however attributed the invention

to the Egj'ptian priests, who, living secluded from the

world, had leisure for study. Thus, various opinions

liave been entertained respecting the origin of geome-
try, but all have agreed in fixing it in Egypt.
The celebrated philosopher, Thales of Miletus, trans-

planted the sciences, and particularly mathematics, from
tgypt into Greece. He was born about C40 years be-

fore Christ, and being unable to gratify his ardent de-

sire for knowledge at home, he travelled into Egypt, at

an advanced period of life, where he conversed with
the priests, the only depositories of learning in that

country. Diogenes Laertius relates, that he measured
the height of tlie pyramids, or rather the obelisks, by
means of their shadow ; and Plutarch says, that the

king Amasis was astonished at this instance of sagacity

in the Greek philosopher ; which is a proof that the

Egyptians had made but little progress in the science.

It is also stated' by Proclus, that Thales employed the
principles of geometry to determine the distance of
vessels remote from the shore. On his return to Greece,
his celebrity for learning drew the attention of his

countrymen: he soon had disciples, and hence the
foundation of the Ionian school, so called from Ionia
his native country.

There were some slight traces of what may be called

natural geometry in Greece, beibre the time of Thales :

Thus, Euphorbus of Phrygia is saiil to have discovered
some of the properties of a triangle ; the square and the
level have been ascribed to Theodorus of Samos; and the
compasses to the nephew of Daedalus. But these can
only be considered as a kind of instinctive geometry ;

the origin of the true geometry among the Greeks must
be fixed to the period of the return of Thales. It was
he that laid the foundation of the science, and inspired
his countrymen with a taste for its study ; and various

VOL. X. PART I.

discoveries are attributed to him, concerning the circle, Mintwy.
and the comparison of triangles. In particular, he >» ^ i—/

first found that all angles in a semicircle are right

angles ; a discovery which is said to have excited in

his mind that lively emotion, which is perhaps only

felt by poets and geometers : he foresaw tlie import-

ant consequences to which this proposition led, and
he expressed his gratitude to the muses by a sacrifice.

This, however, is but a small part of what geometry
owes him ; and it is much to be regretted that the loS»

of the ancient history of the science should have left

us in uncertainty as to the full extent of the obliga-

tion.

It is probable that the greater number of the disciples Kariy geo-
of Thales were acquainted with geometry ; but the names meters,

of Ameristus and Anaximander only have reached our Ameristus
times. The first is said to have been a skilful geometer; and Anaxi-

the other composed a kind ofelementary treatise or in- mander.

troduction to geometry, the earliest on record. Thales ^'"" ^^'^

was succeeded in his school by Anaximander, who is
'^

(

said to have invented the sphere, the gnomon, geogra-
phical charts, and sun-dials; he was succeeded by Anaxi-
menes ; and this philosopher again was succeeded by Anaxime-
his scholar Anaxagoras, who, being cast into prison on ac- nes. Born

count of his opinions relating to astronomy, employed ^^^ A. C.

himself in attempting to square the circle. This is the Anaxi^o-

earliest effort on record, to resolve the most celebrated ^^ /^c"
problem in geometry.

Pythagoras was one of the earliest and most success. Pythagoras,

ful cultivators of geometry. He was born about 580 Born j80

years before the Christian a;ra ; he studied under Thales, ^ ^'

and by his advice travelled into Egypt. Here he is said

to have consulted the columns of Sothis, on which that

celebrated person had engraven the principles of geo-
metry, and which were deposited in subterranean va-

ses. A learned curiosity induced him to travel also

into India ; and it is far from being improbable, that he
was more indebted for his knowledge to the Bi-ahmins,

on the banks of the Ganges, than to the priests of
Egypt. On his return, finding his native country a pytiiaao-
prey to tyranny, he settled in Italy, and there founded rean school

one of the most celebrated schools of antiquity. He is founded

said to have discovered that in any right angled triangle, *''*"" ^**

the square on the side opposite the riglit angle, is equal
*"

to the two squares on the sides containing it ; and, on
this account, to have sacrificed one hundred oxen, to

express his gratitude to the muses. This, however, was
incompatible with his moral principles, which led him
to abhor the shedding of blood on any account what*
ever ; and besides, the moderate fortune of a philoso-

pher would not admit of such an expensive proof of his
piety. The application which the Pythagoreans made
of geometry gave birth to several new theories, such as

the incommensurability of certain lines, for example,

the side of a square, and its diagonal, also the doctrine

of the regular solids, which, although of little use in it-

self, must have led to the discovery of many proposi-

tions in geometry. Diogenes Laertius has attributed to

Pythagoras the merit of having discovered, that of all

figures having the same boundary, the circle among
plane figures, and the sphere among solid figures, are

the most capacious : if this was so, he is the first on
record that has treated of isoperimetrical problems.

2a
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Hippocra-

tes, 380
A.C.

"History. The Pythagorean school sent forth many mathema-
^" » "' ticians ; of these Archytas claims attention, because of

his solution of the problem of finding two mean pro-

portionals; also on account of his being one of the first

that employed the geometrical analysis, which he had

learnt from Plato, and by means of which he made
many discoveries. He is said to have applied geome-

try to mechanics, for which he was blamed by Plato ;

but probably it was rather for applying, on the con-

trary, mechanics to geometry, as he employed motion

in geometrical resolutions and constructions.

Democritus. Democritus of Abdera studied geometry, and was a

profound mathematician. From the titles of his works,

it has been conjectured that he was one of the prin-

cipal promoters of the elementary doctrine respecting

the contact of circles and spheres, and concerning ir-

rational numbers and solids. He treated besides of

some of the principles of optics and perspective.

Hippocrates was originally a merchant, but having

no turn for commerce, his affairs went into disorder

;

to repair them, he came to Athens, and was one day

led by curiosity to visit the schools of philosophy.

There he heard of geometry for the first time ; and as

probably there is a natural adaptation of certain minds

to particular studies, he was instantly captivated with

the subject, and became one of tlie best geometers of

his time. He discovered the quadrature of a space

bounded by half the circumference of one circle, and
one fourth the circumference of another, their convexi-

ties being turned the same way. This figure, called a

lune, he shewed to be equal to a right angled triangle

having its sides about the right angle equal, and the

remaining side equal to the common chord of the two
arcs ; and thus he was the first that proved a curvilineal

to be equal to a rectilineal space. But although a kind
of quadrature, it cannot be compared as a discovery

with the quadrature of the parabola found afterwards

by Archimedes : the former is merely a geometrical

trick, which leads to nothing further ; but the latter

•was an important step in the progress of the science.

Hippocrates attempted the quadrature of the circle, but
if his mode of reasoning has been correctly handed
down to us, he committed a blunder : this is the oldest

paralogism in geometry upon record. On the other

hand it must be mentioned to his credit, that he first

proved the duplication of the cube to depend on the
finding of two mean proportionals between two given
lines: (See Introduction to Conic Sections.) He
was also the first that composed Elements of Geometry,
which, however, have been lost, and are only to be re-

' gretted, because we might have learnt from them the
state of the science at that period. It has been said

that, notwithstanding his want of success in commerce,
he retained something of the mercantile .ipirit : he ac-
cepted money for teaching geometry, and for this he
was expelled the school of the Pythagoreans. This of-

fence we think might have been forgiven, in consi-
deration of his misfortunes.

Brysan and Two geometers, Bryson and Antiphon, appear to
Antiphon. have lived about the time of Hippocrates, and a little

before Aristotle. These are only known by some ani-
madversions of this last philosopher on their attempts
to square the circle. It appears that before this time,
geometers knew that the area of a circle was equal to a
triangle whose base was equal to the circumference,
and perpendicular equal to the radius.

Having briefly traced the progress of geometry du-
ring the two first ages after its introduction into Greece,
we come now to the origin of the Platonic school.

which may be considered as an sera in the history of
the science. Its celebrated founder had been the dis-

ciple of a philosopher (Socrates) who set little value on
geometry ; but Plato entertained a very different opi-

nion of its utility. After the example of Thales and
Pythagoras, he travelled into Egypt, to study under
the priests. He also went into Italy, to consult the fa-

mous Pythagoreans, Philolaus, Timsus of Locris, and
Archytas, and to Cyrene to hear the mathematician
Theodoriis. On his return to Greece, he made mathe<
matics, and especially geometry, the basis of his in-

structions. He put an inscription over his school, for-

bidding any one to enter, that did not understand geo-
metry J and when questioned concerning the probable
employment of the Deity, he answered, that lie gcome-
trized cotitinually, meaning no doubt that he governed
the universe by geometrical laws.

It does not appear that Plato composed any work
himself on mathematics, but he is reputed to have in-
vented the Geometrical Analysis: (See Analysis.)
The theory of the Conic Sections originated in this
school; some have even supposed that Plato himself
invented it, but there does not seem to be any sufficient

ground for this opinion. See Conic Sections.
A third discovery due to the Platonic school was that

of the gcomelrical loci ; when the conditions whicli de-
termine the position of a point are such as to admit of
its being any where in a line of a particular kind, but
do not admit of its being out of that line, then the line
is called the lomis of the point : Thus, if one end of a
straight line of a given length be at a given point, the
locus of the other end will be the circumference of a
given circle : Again, if the base of a triangle of a given
area be given in position and magnitude, the locus of
its vertex will be a given straight line, which will be
parallel to the base ; also, if the base of a triangle be
given in position and magnitude, and its vertical angle
be given in magnitude, the loctis of its vertex will be
the circumference of a given circle : all this is evident
from the elements of geometry. Geometrical loci, con-
sidered merely as speculative truths, are interesting;

but their chief value arises from their utility in the re-

solution of problems, of which, in general, they suggest
the most elegant solutions. See Locus.
The celebrated problem concerning the duplication

of the cube, acquired its celebrity about the time of
Plato. Its origin, however, was earlier; for it appears,
that Hippocrates had reduced it to the determination
of two mean proportionals between two given lines

j

but it had not then excited much attention among geo-
meters. We have already given its history in the in-

troduction to Conic Sections. Plato himself gave a
solution, and it was also resolved by Archytas, Eu-
doxus, Eratosthenes, and Menachraus. The solutions

of eleven of the ancient geometers, are preserved in
Eutocius' commentary on Archimedes, deSph. et Cyl.

It is probable that the Iriseclion of an angle, a pro-
blem of the same difficulty as the duplication of the

cube, was likewise considered in the Platonic school.

There is no absolute testimony of its being so ancient;

but, according to the natural progress of the human
mind, it must have occurred as soon as geometry as-

sumed the form of a science ; for the transition from
the bisection of an arc to its division into three, or any
number of equal parts, or into parts which have a given
ratio to one another, is easy. The quadratrix, a curve
almost as old as the time of Plato, appears to have been
invented with a view to the solution of the problem in

its most general form. One difficulty in the problems

History.^

Platonic

scliool

founded ^

about 409

1

A. C. ^

Invention
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of geome- i
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fif doubling a cube, and trisecting an angle, must have
'

arisen from the impossibility of resolving them by

straight lines and circles alone ; and of this the ancient

geometrical analysis gave no certain indication. The

modem analysis teaches how to resolve every such pro-

blem, and also shews by what lines it may be effected.

These discoveries must be attributed to the Platonic

school in general ; for it is impossible to say with whom
each originated. Some of advanced years frequented the

school, as friends of its celebrated head, or out of respect

for his doctrines ; and others, chiefly young persons, as

disciples and pupils. Of the first class were Laodamus,

ArchytJis, and Theietetus. Laodamus was one of the

first to whom Plato communicated his method of ana-

lysis, before he made it public ; and lie is said by Pro-

clus to have profited greatly by this instrument of dis-

covery. Archytas was a Pythagorean of extensive

knowledge in geometry and mechanics. He had a great

friendship for Plato, and frequently visited him at

Athens ; but in one of his voyages he perished by ship-

wreck. Theaetetus was a rich citizen of Athens, and a

friend and fellow-student of Plato under Socrates, and

Theodoras of Cyrene, the geometer. He appears to

have cultivated and extended the theory of the regular

solids.

The progress that geometry had then made, from the

time of Hippocrates of Chios, required that the ele-

ments of the science should be new modelled. This

was done by Leon, a scholar of Neoclis, or Neoclide, a

philosopher who had studied under Plato. To I^eon

has been ascribed also the invention of that part of the

solution of a problem called its determination, which
treats of the limits, or the cases in which it is possible.

Eudoxus of Cnidus was one of the most celebrated of

the friends and contemporaries of Plato. He generali-

zed many theorems, and thereby greatly advanced geo-

metry. It is believed that he cultivated the theory of

the conic sections ; and its invention has been attribu-

ted to him. He resolved the problem of the duplica-

tion of die cube; and it is to be regretted that Euto-

eius, who despised his solution, has not thought fit to

record it with the others, in his Commentary on Archi-

medes. Diogenes Laertius has attributed to him the

invention of curve lines in general; from which we
may infer, tliat other curves than the conic sections

were known in the school of Plato. Archimedes says,

in the beginning of his treatise on the sphere and cy-

linder, that Eudoxus found the measure of the pyramid
and cone, and that he had treated of solids ; and others

again have supposed, that he was the author of the

theory of proportion as given in the fifth book of Eu-
clid's Elements.

Passing over various geometers who are said to have
distinguished themselves, but of whom hardly any
thing more than the names are now known, we shall

only mention Mensechnius, and his brother Dinostratus,
The former extended the theory of conic sections, in.

. somuch that Eratosthenes seems to have given him the
honour of their discovery, calling them the curves of
Mencechmus. His two solutions of tlie problem of two
mean proportionals, are a proof of his geometrical skill.

Several discoveries have been given to Dinostratus; but
he is chiefly known by a property which he discovered
of the quariralrix, a curve supposed to have been in.
vented by Hippias of Elis.

After the death of Plato, his school was divided into
two, which, upon some points, held opposite sentiments,
but agreed in regarding a knowledge of the mathema-
tics a3 absolutely necessary to such as would study phi.

losophy. Thus the geometrical theories which had been Hutorjr.

cultivate<l with so much ardour in his lifetime, still con- '"nr"™^
tinned to make progress. Xenocrates, the successor of Xenociau«<

Plato after Speusippus, wrote on geometry and arith-

metic. The princi|>al geometers were all bred in the
Platonic school, and among these probably we ought
to reckon Arista;u8, who is now little known, because Ari»t«iii.

his works are lost : we learn, however, from Pappus,
that he was one of the ancients who had made the most
progress in their sublime geometry. He composed a
treatise on solid loci, in five books, and another on conic
sections, also in five books, which last contained the
gi-eatest part of what was afterwards given by Apol-
lonius in the first four books of his work. Pappus
placed this work after the conies of Ajiollonius, in
the order of study which he prescribed to his son :

This shews that it was a profound theory, and supjiosed
the doctrine of conies to be previously known. He is

reputed to have been the friend and preceptor of Euclid.
The progress of geometry among the Peripatetics was

not so brilliant as it had been in the school of Plato,

but the science was by no means neglected. The suc-
cessor of Aristotle composed several works relating to
mathematics, and particularly a complete history of
these sciences down to his own time : there were four
books on the history of geometry, six on that of astro-

nomy, and one on that of arithmetic. What a treasure
this would have been, had we now possessed it

!

The next remarkable epoch in the history of geome- .School of
try, after the time of Plato, was the establishment of the .\lexandria.

school of Alexandria, by Ptolemy Lagus, about 300 founded

years before the Christian sera. This event was highly ^^ -'^' *'•

propitious to learning in general, and particularly to
every branch ofmathematics then known ; for the whole
was then cultivated with as much attention as had been
bestowed on geometry alone in the Platonic school.

It was here that the celebrated geometer Euclid flou- Euclid

rished under the first of the Ptolemies : his native place flourished^,

is not certainly known, but he appears to have studied ^^ ^ ^•

at Athens, under the disciples of Plato, before he set-

tled at Alexandria. Pappus, in the introduction to the
seventh book of his Collections, gives him an excellent
character, describing him as gentle, modest, and be-
nign towards all, and more especially such as culti-

vated and improved the mathematics. Thei/ is an
anecdote recorded of Euclid, which seems to, shew he
was not much of a courtier : Ptolemy Philadelphus
having asked him whether there was any easier way
of studying geometry than that commonly taught; his

reply was, " there is no royal road to geometry." This
celebrated man composed treatises on various branches
of the ancient mathematics, but he is best known by
his Elements, a work on geometry and arithmetic, in
thirteen books, under which he has collected all the ele-

mentary truths of geometry, which had been found be-
fore his time. The selection and arrangement have
been made with such judgment, that, atler a periotl of

2000 yeai's, and notwithstanding the great additions

made to mathematical science, it is stUl generally allowed

to be the best elementary work on geometry extant.

Numberless treatises have been written since the revi-

val of learning, some with a view to improve, and
others to supplant the work of the Greek geometer; but
in this country, at least, they have been generally ne-

glected and forgotten, and Euclid maintains his place

in our schools.

Of Euclid's Elements, the first four books treat of Euclid's

the properties of plane figures ; the fifth contains the Elements,

theory of proportion ; and the sixth its application to
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History, plane figures ; the seventh, eighth, ninth, and tenth
''"'^^~~'

relate to arithmetic, and the •doctrine of incommensu-
Ruolid'a rabies ; the eleventli and twelfth contain the elements
Elements of of the geometry of solids ; and the thirteenth treats of
Geometry.

Euclid's

comiuenta-

Euclid's

Uat(.

the five regular solids, or Platonic bodies, so called be-

cause they were studied^ in that celebrated school : two
books more, viz. the fourteenth and fifteenth, on regu-

lar solids, have been attributed to Euclid, but these

rather appear to have been written by Hypsicles of

Alexandria.

It is only the first six, and the eleventh and twelfth

books, that are now commonly taught in the schools ;

for the books on arithmetic have been superseded by
the modem theories of algebra, and the regular solids

have long ceased to be particularly interesting : they

may be compared to mines which have been abandoned

because the produce was not equal to the expence of

working them. Euclid's Elements have had a number
of commentators ; the earliest was Theon of Alexan-

dria, who lived about the middle of the fourth century.

Proclus also has given a commentary on the first book,

which is only valuable on account of the information it

contains respecting the history and metaphysics of geo-

metry. After the revival of learning, the Elements of

Euclid were first known in Europe, through the me-
dium of an Arabic translation ; from this it was deci-

phered and translated into Latin, by Athelard in Eng-
land, and Campanus in Italy, about the same time, in

the 12th or 13th centuries. Athelard's translation ex-

ists only in manuscript, in some libraries ; that of Cam-
panus served as the basis of the greater part of the La-
tin translations, made about the end of the 1 5th and
the beginning of the I6th centuries. The editio prin-

ceps is that which Ratdolt of Augsburg, a celebrated

printer, gave in 1482, at Venice, in folio ; the Greek
text did not appear until 153,3, when it was printed at

Basle, by J. Hervage, under the care of J. Grynaius.

The earliest English edition is that of Bilingsley, in

1570: But the history of the various editions of this

work, either in whole or in part, that have been pub-
lished in all countries, in which science has been culti-

vated, is far too extensive to find a place here. The
curious reader may find a copious list in the second
volume of the Bibliolheca Matliemalica, by Murhard.
At present, the edition of Euclid most esteemed in this

country, is that of the late Dr Sim son of Glas,o-ow,

which contains the first six and the eleventh and twelfth
books, and the book of Euclid's Data. We have lately

seen the first volume ofan edition in the original Greek,
accompanied with a Latin and French translation by
Peyrard, a French professor of mathematics, and au-
thor of a French translation of Archimedes; it gives
the original text as exhibited in a great number of
manuscripts, and on this account it must be extremely
valuable.

Besides the Elements, the only other entire geometri-
cal work of Eudid that has come down to the present
times, is his Data. This is the first in order of the
books written by the ancient geometers to faciUtate the
method of resolution or analysis. In general, a thing
is said to be given, which is actually exhibited, or can
be found ; and the propositions in the book of Euclid's
Data, shew what things can be found from those which
by hypothesis are already known.
We learn from Pappus of Alexandria, that there ex-

isted four books by Euclid on Conic Sections, and two
concerning Loci ad Superficiem ; these were curves of
double curvature. But his most profound work, and
that of which the loss is most regretted, was his three

books on Porisms, which Pappus says were a most art- Histoiy.

ful collection of many things that relate to the analysis ^'"'V™
of th(? more difficult and general problems. We shall

explain this subject under the word PonisM. Proclus
cites another work of Euclid's, which he entitles, De i

Divisionibits. This probably treated of the division of
,

figures. These are all the known geometrical writings

of Euclid:—his other works do not belong to this

place. See Euclid.
In the order of time, Archimedes is the next of the Archime-

ancient geometers that has drawn the attention of the ^^^ B"'

moderns. He was born at Syracuse, about the year ^**^ ^' *''

287 A. C. He cultivated all the parts of mathematics,
and in particular geometry. The most difficult part of
the science is that which relates to the areas of curve
lines, and to curve surfaces. Archimedes applied his

fine genius to this subject, and he laid the foundation
of all the subsequent discoveries relating to it. His
writings on geometry are numerous. We have, in

the first place, two books on the sphere and cylin-

der ; these contain the beautiful discovery, that the
sphere is two-thirds of the circumscribing cylinder,

whether we compare their surfaces, or their solidities,

observing that the two ends of the cylinder are con-
sidered as forming a part of its surface. He likewise

shews, that the curve surface of any segment of the
cylinder between two planes perpendicular to its axis,

is equal to the curve surface of the corresponding seg-

ment of the sphere. Archimedes was so much pleased
with these discoveries, that he requested after his death
that his tomb might be inscribed with a sphere and
cylinder.

His book on the Measure of the Circle, is a kind of
supplement to those on the sphere and cylinder. In
this, he demonstrates that any circle is equal to a triangle

having its base equal to the circumference, and its

height equal to the radius ; and he proves, that if the
diameter of a circle be reckoned unity, the circumfe-

rence will be between SJj-g ""d ^t°- The principles

laid down by Archimedes were sufficient to carry the

approximation to any degree of nearness ; but he ap-
pears to have aimed at nothing more than a simple

rule, sufficiently accurate for the common concerns of
life.

His treatise on Conoids and Spheroids relates to the

solids generated by the conic sections revolving about
their axes' those produced by the rotation of the para-

bola and hyperbola, he called Conoids ; and such as are

generated by the revolution of the ellipse about either

axis are his Spheroids. Here he compares the area of
an ellipse with that of a circle ; he also proves that the

sections of conoids and spheroids are conic sections,

and he treats of their tangent planes. He pi-oves, for

the first time, that a parabolic conoid is equal to three

times the half of a cone of the same base and altitude,

and lie also shews what is the ratio of any segment of a

hyperbolic conoid, or of a spheroid to a cone of the

same base and altitude. His reasoning is a model of

accuracy; and it exhibits the true spirit of the ancient

synthetic method ; it is however exceedingly prolix

and difficult, insomuch that few will have patienc-e to

follow the steps of the venerable mathematician, more
especially as the same conclusions may be found with

equal certainty by the modern analysis, at an infinitely

less expence of thought.

His treatise on Spirals treats of a curve which was
the invention of his friend Conon, who it seems had Conea.

found its properties, but died before he had time to in-

vestigate their demonstrations : these Archimedes has
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supplied. Tlie wliole subject is, however, so much
his own, that what is properly the spiral of Conon, is

usually called the spiral of Archimedes. He has also

treated Ofihe Equilibrium of Planrs, nr of their centres

qfgravitt), in two books; aj»l next Of the Quadrature of
the Parabola. Tljis is the first complete quadrature of

a curve that was ever found. He here shews, that

the area of any segment of a parabola cut off by a

chord, is two-thirds of the circumscribin<j parallelo-

fram, and this lie proves by two different metho<ls.

lis Arenariitf was written to evince the possibility

of expressing, by numbers, the grains of sand that

might fill tlie whole space of the universe. Here
lie introduces a property of a geometrical progres-

sion, that has since been made the foundation of the

theory of logarithms ; but it would be going too far to

suppose that Archimedes had made any approach to

that valuable invention. This tract is valuable, not on
account of the subject on which he treats, but because

of the information it contains respecting the ancient

•istronomy, and the application which it gives of the

Greek arithmetic. In addition to the works we have
eiiumerate<l, there is a treatise on bodies which are car-

ried on afiuid, in two books, and a !)ook of Lemmas,
which is a collection of theorems and problems, curious

in themselves, and useful to the geometrical analysis.

These are all the writings of Archimedes now extant,

but many have been lost.

The writings of Archimedes are the most precious

relict of the ancient geometry : they shew to what an
extent such a genius as his could carry its method of
demonstration ; but they likewise prove, that there

were certain limits beyond which it became inapplica-

ble, on account of the unwieldiness of the machinery.

In general, the progress of discovery is slow ; but
Archimedes took up the subject where men of ordinary

capacities were at a stand, and, by the vigour of his

mind, anticipated the labour of ages : he was undoubt-
edly the Newton of antiquity.

Eutocius has written a commentary on a part of the

works of Archimedes, viz. on the books De Sphwra et

cylindrn, de dimensione circtili et de cequiponderantibus.

In the year 1 54-3, Nicolas Tartalea translated from
Greek into Latin, and published at Venice, the treatises

1. De Cenlris Gravium, Sfc. 2. Qiiadratura Parabolce.

3. De Itisidentibus aqvce, liber primus ; and, in ] 555,
the two books De Insidentibus aqtiw appeared at

Venice. In ] 543, an edition of the works of Archi-
medes was published at Basle, with the Latin trans-

lation of John of Cremona, and revised by Regimon-
tanus. In this, the two books De Insidentihus in

Fluido, and the Lemmata were wanting, but it con-
tained the commentary of Eutocius in Greek and
Latin. Other editions of his works, or parts of them,
have been given by Commandinus, Renault, Greaves
and Foster, Borelli, Barrow, Maurolicus, Wallis, some
with commentaries ; but these are in a manner super-
seded by the Oxford edition of Torelli in Greek and
Latin, printed in 1 792, and the French translation of
Pcyrard in 4to and 8vo, the latter printed in 1808.
For fai-ther information respecting tliis geometer, see
Archimedes.

Eratosthenes flourished in the Alexandrian school,
about the time of Archimedes : his extensive acquire-
ments in all branches of knowledge induced the third
Ptolemy to make him his librarian. As a geometer, he
might rank with Aristaeus, Euclid, and ApoUonius.
His construction of tlie duplication of the cube, has
come down to us in Eutocius' Commentary on Archi-
medes ; and we find it recorded in Pappus, that he

wrote two books on a branch of the geometrical analy- Hiitoty.

sis, which were entitled De iMcis ad medielatcs ; these ^"""V"^
appear to have been conic sections. There is an arith-

metical invention attributed to him, by which the prime_
numbers may be determined. Its nature has been de-
scribed in our article Arfthmetic, page 372. It may
be presumed that Eratosthenes composed many works;
one is said to have been on the conic sections, and
others on astronomy, but these are now completely lost.

About the time that Archimedes finished his career, Apollonim,

another geometer of the highest order appeared. This 210 A. C
was ApoUonius of Perga, a town in Pamphylia. He
was born towards the middle of the third century, be-
fore the Christian era, and he flourished principally un-
der Ptolemy Philopater, or towards the end of that
century. He studied in the Alexandrian school under
the successors of Euclid ; and so highly esteemed were
his discoveries, that he acquired the name of the Great
Geometer. It is mortifying to reflect, that sometimes
consummate abilities are alloyed with great moral de-
fects ; ApoUonius had a mind of the highest order, yet
he was vain, jealous of merit in others, and always dif«

posed to detraction. He was, however, one of the most
inventive antl profound writers that has treated of the

mathematics, and it was in a great measure from his

works that the true spirit of the ancient geometry was
to be learnt. In the introduction to our article ConiC
Sections, we have had occasion to speak of his trea-

tise on that subject ; which contributed principally to his

celebrity. The most material of his other works were
,

the following treatises : 1. On the Section of a Ratio;
2. On the Section of a Space ; 3. On Determinate
Section ; 4. On Tangencies ; 5. On Inclinations; 6. On
Plane Loci : The nature and contents of each of these
has been particularly described in our article on Ana-
lysis. We have understood that Peyrard, the learned
French editor of the works of Euclid and Archimedes,
had it in contemplation to give French translations of
the writings of ApoUonius, as well as the other ancient
geometers, as far as they have been preserved ; but we
fear that the state of France is not likely to be soon fa-

vourable to the execution of his views.

The names of several mathematicians of antiquity

contemporary with Archimedes and ApoUonius, have
come down to us. ApoUonius has addressed the three
first books of his conies to Eudemus of Pergamus. and
speaks of him as a good judge in these matters, but he
being dead before the fourth book was finished, Apol-
lonius addressed it to Attains. He says, in his first ad-
dress to Eudemus, that Naucrates had instigated him
to study the conies ; and in that which precedes the se-

cond book, he requests Eudemus to communicate it to
Philonides of Ephesus.

It appears that there was a geometer named Trasi-
deus, who corresponded with Conon of Samos on the
conic sections, and another Nicoteles the Cyrenean,
who animadverted on some mistakes committed by Co-
non. Here, then, are five or six geometers besides

ApoUonius, who all cultivated the theory of conies.

The regret which Archimedes expressed for the loss of
Conon, gives us reason to think highly of him ; but
this is almost the only ground upon which we can form
an idea of his skill as a geometer.

Dositheus was also a friend of Archimedes, who ad-
dressed to him several of his works. It is probable
that Nicomedes, the inventor of the conchoid, lived Nico««-

about the period at which we are now arrived. This des.

curve, and the application he made of it to the finding

of two mean proportionals, are the only vestiges that

now remain of his labours.
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Histoty.

Possido-

McMlius.

Ptolemy.

Born TO
A. O. Died
147,

Saenus

Hypsicles,

As we descend towards the commencement of the

Christian sera, we find a numerous list of mathemati-

cians, most of whom are chiefly known as cultivators

of astronomy, and some as writers on geometry. In

this number were Geminus of Rhodes, who composed

a work called Enarralioncs Geomelricm, which consist-

ed of six books ; Philo, who gave a solution of the

problem of two mean proportionals ; Possidonius, who
was a geometer, an astronomer, a mechanician, and a

geographer. Dionysiodorus, who resolved a difficult

problem of Archimedes, namely to divide a hemi-

sphere in a given ratio by a plane parallel to its base

;

Theodosius, and Theodosius, the author of an excellent treatise on
50 A. C. Spherics, in three books, which has been preserved, and

whicli constitutes a part of the precious remains of the

ancient geometry.

The astronomer and geometer Menelaus of Alexan-

dria, lived in the second century of the Christian era

:

he composed a treatise on Trigonometry, in six books

;

and another on Spherics, in three books, which is

still extant. He appears also to have treated of the

geometry of curve lines.

The astronomer Ptolemy must be reckoned among
the geometers of the second century. His work on
Optics, which however is now lost, * is supposed

to have contained some beautiful applications of geo-

metry.

There were several geometers who flourished in the

period of the three or four first centuries of the Chris-

tian era ; but the exact time of each is not certainly

known ; as Serenus of Antissensis, who wrote on cy-

linders and cones ; Hypsicles of Alexandria, who wrote
two books on regular solids ; Perseus Citticus, the in-

ventor of certain lines called spirigues, which were
curves made by the section of a plane and a solid, form-
ed by the revolution of an arc of a circle about a given
axis. Philo of Thyaneus, who appears to have treated

of certain curves, which were also considered by Mene-
laus, but whose nature is not now known. Pappus
also mentions Demetrius of Alexandria, as the author
of a work whicli treated of curves, and hence it has
been conjectured that the ancients had gone farther

into this^subject than has been generally supposed.
We are now come to the period when learning be-

gan to decline, so that instead of brilliant discoveries,

and original treatises, we have only commentaries and
annotations on the works of former times, a presage of
the approach of ignorance and barbarism. Of this na-
ture were the works of Pappus, and Theon of Alex-
andria, two mathematicians who hved towards the end
of the fourth century. The former of these, however,
ranks in a higher class, on account of the genius dis-

played in his writings. Geometry is particularly obli-

ged to him for liis Mathematical Collections, which
originally consisted of eiglit books ; but of these, the
first and half of the second are now lost. He seems to

have intended to collect, into one body, several scatter-

ed discoveries, and to illustrate and complete, in many
places, the writings of the most celebrated mathemati-
cians, in particular Apollonius, Archimedes, Euclid,
and Theodosius ; for this purpose ho has given a mul-
titude of lemmas, and curious theorems, which they had
supposed known ; and he has also described the diffe-

rent attempts which had been made to resolve the
more difficult problems, as the duphcation of the cube,
and the tristclion of an angle. The preface to his se-

Pappus,

A.D.380,

venth book is inestimably precious, for it has preserved Histo

from oblivion many analytical works on geometry, of ''^"'Y

which we should otherwise have been entirely ignorant. Pnppui

The abridgment which he has given of these is all that
remains of the greater number

; yet it has served to give
a continuity to the history of geometry, and to inspire :

modern mathematicians with a high opinion of the '

theories of the ancients. In fact, such of their geome- !

trical writings as have descended to our times are mere- }

ly elementary ; their more recondite works have either
been entirely lost, or are only known by the account «
which Pappus has given of them. The books that re- ;;

main of Pappus have suffered much from the injuries of '1

time ; there are many inaccuracies, and some passages
so mutilated as to be hardly intelligible. The original
Greek, except some extracts, has never been published.
The only translation that has been given, which is by
Commandinus, was published at Pesara in 1588, and
again, with little variation, in l66'0, at Bologna. Com-
mandinus appears to have had access to only one ma-
nuscript, which wanted the first two books, and through-
out was very faulty. Tiiere are, however, several ma-
nuscripts of Pappus in the libraries; the university of
Oxford possesses two; one has half of the second book,
and this part was published, with a Latin translation, in
1688, by Dr Wallis. It treats of arithmetic, so that
probably the first two books treated of this subject.
The university has already conferred a great favour on
geometrical science, by the elegant editions it has given
of Euclid, Apollonius, and Archimedes ; and it is to be
wished that the obligation were increased by an edition
of Pappus. Our limits will not admit of a detailed
statement of the contents of this valuable work ; some
account of it may be seen in Dr Hutton's Mathematical
Dictionary, and also in Dr Traill's Life of Simson.

Theon, the associate of Pappus in the Alexandrian Tlicoi

school, wrote Scholia, or Notes on Euclid, which Com-
mandinus has given in one of his Latin editions of that
author. He is supposed, however, to have greatly vi-

tiate<l the text ; and Dr Simson, the learned editor of
Euclid, has bestowed great labour in freeing it from
what he supposed to be Theon's interpolations.

Theon had a beautiful and accomplished daughter,
named Hypatia, who cultivated geometry ; and so learn-

ed was she in the science, that she was judged worthy Died {j&i

to succeed her father in the Alexandrian school. She ,'

wrote commentaries on Apollonius and Diophantus,
] \

which are now lost. It is infinitely to be lamented that
so exalted a being should have had so tragical a fate.

This woman, the ornament of her sex and of human na-
ture, fell a sacrifice to the blind fury of a fanatical mob,

\

about the beginning of the fifth century.

The philosopher Proclus, the chief of the Platonics Pfodi (

at Athens, transferred thither, in some degree, the seat
,

of the mathematical sciences, towards the middle of the
i

fifth century ; although he did not extend geometry,
I

yet he held it in esteem. His very prolix commentary :

on the first book of Euclid, has made us acquainted I

with many traits in the history of the ancient geometry,
and excited a regret that he did not extend it to the re- j l

maining books. Proclus was succeeded in his school
,

^

by Marinus of Neapolis, who formed with Isidore of ^fari*
'

Miletus and Eutocius of Ascalon, a kind of succession, pu^a, i

which brings the history of geometry down to the reign I

of Justinian. Marinus wrote a preface to Euclid's book !

of Data, which Dr Simson has rejected in his edition
\

Hypa

• A Latin translation of the Optics of Ptolemy has lately been discovered in the Royal Library at Paris. M. Le Chevalier
Delambre, who mentioned to the Editor this curious fact, has given an analysis of the worlt in the Cen«o»ssance» rf« Tema for 1813.
£•« our article Oriics. ha.
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jr. as of no use. Isidore is Raid, by EutociuSj to have in-
™^ vented an instrument for describing a parabola, by con-

tinueil motion.

It would appear that Diodes lived about this period ;

he was the inventor of the cissoid, a curve contrived

for the purpose of finding two mean proportionals.

Eutocius also attributes to this geometer a solution of
the Archimedean problem concerning the division of
a sphere, which we have already noticed ; it is highly
creditable to him, and shews that he was skilful in the
ancient analysis. We may place Sporus, and his mas-
ter Philo, about this period ; the former gave a solu-
tion of the problem of two mean proportionals, and the
latter extended Archimedes' approximation of the ratio

of the diameter to the circumference of a circle, as far
as 10,000th parts.

The labours of Proclus, and the geometers that fol-

lowed him, were the last rays which the ancient ma-
thematics scattered upon Greece. The long night
of ignorance which elapsed from this time, until the de-
struction of the Greek empire, produced merely ele-

mentary writers, such as in better times would scarce
have deserved the name ofmathematicians. The school
of Alexandria, however, yet existed, and the brilliant

times of Euclid and Apollonius might have been re-
newed, had it not been for the troubles which agitated
the East. The taking of Alexandria by the Saracens,
gave a mortal blow to the sciences, not only in that ce-
lebrated capital, but also throughout the Greek empire.
This happened in the year 6*0 A. D. The Alexandrian
library, a treasure of inestimable value, was delivered to
destruction, and the finest monument of human ge-
nius, the accumulated store of knowledge produced by
the exertion of the most enlightened minds in many
ages, was expended in heating the public baths of the
city. See Alexandria.

It is consoling to reflect, that although the followers
of Mohammed, at this period, destroyed the sciences,
yet they afterwards were entitled to the gratitude of
posterity, for the care with which they cherished them.
Within less than a century, we find the Arabs cultiva-
ting astronomy and geometry. Many of the Greek ma-
thematicians, chiefly such as treat of astronomy, as
Euclid, Theodosius, Hypsicles, Menelaus, were trans-
lated into Arabic in the reign of Almamon, or soon
after ; they even then began to study the more sublime
geometry, for the four first books of the conies of Apol-
lonius were translated by order of that enlightened
prince. At a later period, the remaining books were
translated, also Archimedes' treatise on the sphere and
cylinder, and probably his other works ; and it deserves
to be remarked, that the Arabs cite several works of the
Greek geometers, concerning which we know nothing

;
as a treatise on parallel lines, another on triangles, and a
third on the division of the circle. We are indebted to
the Arabs for the form under which trigonometry is
now known. Ptolemy had greatly simplified the theory
of Menelaus, yet he employed a laborious rule, called
the rule of six quaniities.

Geberben Aphla, who lived in the 11th century,
substituted, instead of the ancient method, three or four
theorems, which are the foundation of modem trigono-
metry'. The Arabs also simplified trigonometrical cal-
culation, by substituting the sines of arcs, instead of
the chords of the double arcs ; and this was even one
of their eariiest inventions, for it is found in the writ-
mgs of Albatenius, who flourished about the year 880
of our era. The names of many Arabian geometers are
known, we shall, however, only mention Bagdadin^ or

191
Mahomet Al-Bagdadi, (of Bagdad,) the author of an History,

elegant work on mensuration, which has been transla- '—^^—
ted and published in 1 570 ; and Alhazen, the celebra- Bagdadin.
ted author of a work on optics, which shews him to have Alhazen
been an excellent geometer. In general, the Arabian i loo.

'

geometers had little invention, they were almost all

compilers or commentators on the ancients.
Persia has also had its geometers. The most ccle- Persian

brated was Nassir-Eddin Al-Tussi ; he wrote a learned geometry,

commentary on Euclid, which was printed in 1590 at Vj^,,.
the press of the Medici. He also revised the Cdhics uf Kddin"
Apollonius, and wrote a commentary on the subject ; 1270.
this was useful to Dr Halley, in restoring the fifth]
sixth, and seventh books of that precious work. The
geometer next in esteem was Maimon-Reschid : be
wrote a commentary on Euclid, and is said to have in-
dulged in a singular whim: he had conceived such
an affection for one of the propositions of the first book
of the Elements, that he wore the diagram as an orna-
ment embroidered on his sleeve. Geometry has, in mo-
dern limes, been respected among the Persians, but they
have not made any improvements in the science. The
traveller Chardin has given some traits of the pedantry
oftheir literati. " They have given," says he, " a name
to every proposition of the Elements. They call the
47th proposition of the first book of Euclid the ffgure
of the bride, probably because it is to become the mo-
ther of a numerous progeny of other theorems. The
48th proposition, again, they call the l/riue's sister;
and they, with reason, denominate geometry the dijicult
science.

The Turks have not altogether neglected geometry. Turkish
In the libraries of Constantinople, the greater number of geometry,
the Greek mathematicians may be found translated into
Arabic, and some into the Turkish language ; but it
does not appear that they pay attention to any thing
beyond what is contained in Euclid's Elements, and in-
indeed they have never made one discovery in the
sciences.

There are hardly any traces of geometry among the Hebrew
ancient Hebrews. Every one knows that when Solo- geometry,
mon's temple was built, Hiram king of Tyre furnished
architects and navigators, a proof that geometry must
then have been very little known in Palestine. It was
not until the second dispersion among the nations that
they began to cultivate the sciences. In the ninth
century, the Jews, after the example of the Arabians,
began to translate the Greek geometers into their Ian-'

guage ; but they have discovered nothing whatever in
geometry.
The researches of the learned have brought to light Geometry

astronomical tables in India, which must have been of India,

constructed by the principles of geometry ; but the pe-
riod at which they have been formed has by no means
been completely ascertained. Some are of opinion, that
they have been framed from observations made at a
very remote periixl, not less than three thousand
years before the Christian aeraj and if this opinion be
well founded, the science of geometry must have been
cultivated in India to a considerable extent, long
before the period assigned to its origin in the West

:

so that many of the elementary propositions may have
been brought from India to Greece. The Hindoos
have a treatise called the Sitrya Sidhanta, which pro-
fesses to be a revelation from heaven, communicated
to Meya, a man of great sanctity, about four million
of yeais ago ; but setting aside this fabulous origin, it

has been supposed to be of great antiquity, and to
have been written at least two thousand years before
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Interwoven with many absurdities,

Chinese

geometry.

RanaB
jjeometry,

the Christian era.

this book contains a rational system of trigonometry,

which differs entirely from that first known in Greece

or Arabia : In fact, it is founded on a geometrical theo-

rem, which was not known to the mathematicians of Eu-

rope before the time of Vieta, about two hundred years

ago. And it employs the sines of arcs, a thing un-

known to the Greeks, who used the chords of the

double arcs. The invention of sines has been attribu-

ted to the Arabs, but it is possible that they may have

received this improvement in trigonometry, as well as

the numeral characters, from India.

According to the natural progress of knowledge, the

sciences of astronomy and geometry must have been

long cultivated, and carried to some degree of perfec-

tion, before a system of trigonometry would be fonned ;

we may therefore infer, that geometry had aii earlier

origin in India than the Surj/a Sidhanla. It is, how-

ever, proper we should state, that the high antiquity

both of the Indian astronomy and the Surya Sidhaiita

has been controverted ; but we cannot find room to en-

ter on this point here. The antiquity of the Indian

geometry has been asserted by Bailly in his Astrono-

mie Indierme, and Professor Playfair in his Remarhs on

the Aslroitomy of Ike Brahmins, Edin. Trans, vol. ii.

and Observations on the Trigonometry of the Brahmins,

Edin. Trans, vol. iv. with great eloquence and strength

of reasoning : ( See our article Astronomy, p. 585.

)

On this side of the question, the Edinburgh Revierv,

vol. X. p. 455, may also be consulted. And on the

opposite side. La Place, Syxteine dii Monde, 2d edit.

p. 239 ; Bentley On the Hindoo Systems of Astronomy,

ui the Asiatic Researches, vol. viii. ; Edinburgh Review,

vol. xviii. p. 210; Leslie's Geometry, 2d edit. p. 456.

Mr Leslie is of opinion, that the Hindoos derived

their knowledge of mathematics from the West. In

opposition to this, consult Strachey, in the Preface to

Bija Ganita; and a review of the work in Edinburgh

Review, vol. xxi. p. 364.

The Chinese are well known to have observed the

heavens from the most remote ages, yet they appear to

have made little progress in geometry. When the Eu-
ropeans came among them, it consisted of little more
than the rules of mensuration : it is true, they have long

known the famous property of a right angled triangle,

and in this they have even gone before the Greeks

;

but this property, which, on account of its various ap-

plications, well deserved the sacrifice said to have been

offered by Pythagoras to the Muses, has remained ste-

rile in their hands. They did not become acquainted

with spherical trigonometry before the 13th century;

and then they probably learned it from the Arabs or

Persians.

The Romans fell far short of the Greeks in their at-

tention to the sciences. The mathematics, in pai'ticu-

lar, were greatly neglected at Rome ; so that geometry,

hardly known, went little beyond the measuring of

land and the fixing of boundaries. The celebrated

Varro, although no mathematician, had some know-
ledge of geometry, and wrote a treatise on the science,

which has been cited by Frontinus and Priscianus un-
der the title of Mensuralia. Cicero was not unac-

quainted with mathematics ; although he did not write

on the subject, his works contain expressions of es-

teem for the science. The pains he took to discover

the tomb of Archimedes, in Sicily, was a proof that he
could estimate the high merit of that illustrious man.

Vitruvius has displayed considerable knowledge in

mathematics, particidarly in the ninth book of his ar-

T50.

Abba.

chitecture. We owe to him many notices relating to

the mechanics and gnomonics of his time.

The fitUi, sixth, and seventh centuries, present hard-

ly any mathematicians. The senator and Roman con-

sul Boetius, so well known by his misfortunes and his Boetiiu, 5

Consolations of Philosophy, was, in regard to the time, 500 A. I I

one of the most versed in mathematics. It was by his
j

care that the Greek authors, as Nicomachus, Ptolemy,
;i

Euclid, &c. begin to be a little known in the Latin '\

tongue. His geometry is a kind of free translation of |-

Euclid. >

The beginning of the eighth century was brightened

by the learning of Beda; he understood all the branches Beila, TC'I

of mathematics, then so little known, but he attended

chiefly to astronomy. It is a curious fact, that at this '

period mathematics were more cultivated in Britain i;

than in any other part of Europe. This country pro- il

duced Alcuin, who studied under Beda ; lie was well Alcuioi

skilled in mathematics, and master to Charlemagne.
The exertions of Alcuin and his exalted pupil to re-

vive the sciences were unavailing : the light of science

was almost extinguished, and the human mind enve-
loped in the darkness of ignorance ; insomuch, that

there is no trace of a single mathematician to be found
during a period of 150 years preceding the middle of
the tenth century. However, about that period a few
scattered rays shot across the gloom. The monk Abbo,
a man eminently endowed witli a taste for knowledge,
and in particular for mathematics, then hardly known,
had made the monastery of Fleuri a school celebrated

for its learning. Among his scholars was Gerbert, af- Gerbctt

terwards elevated to the pontificate by the name of Sil- 960 A,

vester II. His desire for learning could not be grati-

fied by what was known among the Christians ; he
therefore travelled into Spain, and studied among the
Arabs, in their celebrated schools of Cordova and Gre-
nada. He soon went beyond his masters in mathema-
tics, and on his return to France he wrote a book on
geometry, which has been published by the learned
authors of Thesaurus Anecdotorum Novissimus, and from
which it appears that he was acquainted with the geo-
metry of Euclid and Archimedes. It is a work on
practical geometry, in whicli he gives rules for measur-
ing heights and distances, by means of an instrument
which he calls Horoscopus.

Gerbert had imitators in his own age, and in thatwhich
followed it. Among the first was Adelbold, who wrote a Adelbvl

small treatise on tlie solidity of the sphere. It appears
he knew what had been done in this matter by Archi-
medes, but his own reasoning is vague and ungeome-
trical. About the year 1050, Hermann Contractus
wrote several treatises on mathematics, and in parti-

cular one on the quadrature of the circle.

The twelfth century, notwithstanding the ignorance
of the period, presents some mathematicians. The
English monk Adhelard travelled into Spain and Egypt;
and on his return he translated Euclid from Arabic in-

to Latin. He appears to have been the first that made
i

j

this author known in the West ; but his work exists ' 1

only in the libraries. Adhelard had various imitators L^

among his countrymen, as Daniel Morlay, Robert of RoberjU
Reading, William Shell, Clement Langtown : They Readi;ri

lived towards the end of this century, as did also Ro- 1148. i.

bert, bishop of Lincoln, called Grotshead, the author of '

|

a short treatise on the sphere, and his brother Adam
Marsh. Roger Bacon, himself a mathematician, and gacon.
their cotemporary in his youth, speaks highly of their Born

jj*

skill in geometry. Passing over various writers on as- Died P*

tronomy, we shall only farther mention Plato of Ti- |

Hen

AdheLlI

1130.;!
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I Kos.

Died

Albertus

Magntu.

''i.-ru ?' * ""'^ "'"
J'^^' ' '20, translated the Spherics

ot I hewlosius from the Arabic into barb.iroiis Latin.
J he thn-teenth century was brilliant when compared

•n-ith the ages that had gone before; it was the twilight
ol that bright day wliicli has enh^htoned Europe tor
upwai-ds of 200 years. Among the mathematicians of
this time may be reckoned John of Haliiax, called also
•Sacro-Bosco, who wrote a treatise on llie sphere, and
Campanus of Navarre, the celebrated translator of Eu-
clid, and the author of a treatise on the quadrature of
the circle; in wluch he has supposed that tlie approxi-
mate ratio touud by Archimedes was quite exact; and
proceeding on this, he has resolved some problems rela-
ting to the circle : Hh jiaralogisn. is excusable in consi-
deration of the time in which he lived. The celebrated
Albertus Magnus wrote on geometry in this century.

It IS instructive to reflect upon tlie principles in hu-man nature, by which, after ignorance has debased the
muid, knowledge is again renovated. In the dark ageswhen the true causes which bring about natural events
Mere unknown or but little understood, the principlem the mind, by which men are led to suppose co-existinff
events as somehow connected, made Uiem conjecture
that the motions of the heavenly bodies, the most stri-
king phenomena of nature, were closely connected with
the common events of life. In this way, probably,
astrology became a disease of the mind in the absence
of genuine knowledge; but in puisuit of this delusion.
It was necessary to cultivate astronomy, and this science
again required the immediate aid of geometry. Thuswe see, that from the very nature of the human under-

^^I^/k"f' "u f,
^ *«"'''="<=y to emerge from ignorance,

ami that probably we are indebted Ibr the restoration
ot the ancient astronomy and geometry to the vain spe-
culations ofjucUcial astrology.
During the 14th centuiy, England was fertile in ma-

thematicians. They wrote treatises on arithmetic and
geometry, but chiefly on astronomy. Their works,
however have chiefly remained in the public libraries.
1 he most remarkable was Richard Wallingfort, who
raised himself from an obscure condition by his merit.
ihe science of geometry claims also the poet Chaucer
as one of its cultivators. Even at this time, Britain
gave indications of the approach of that brilUant ara of
discovery, which will for ever render her illustriousamong the nations.

The period now approached in which geometry was
to recover more than its original splendour. Its princi-
pal promoters were then Purbach and John Muller,adled also Regiomontanus. They greatly improved
trigonometry, and formed the resolution of travelling
ogetherinto Italy, to study the Greek tongue; butlurbach dying, Regiomontanus went alone, and ac
tTt /Tt^r- Thus prepared, he translated
the Almagest of Ptolemy from the original. He alsogave Latin versions of the spherics of Menelaus, thoseof 1 he« osius, and his other astronomical treatises
besides, he corrected, by the Greek text, the anc enversion of Archimedes made by Gerrard of Cremra
Retranslated the Conies of Apollonius, the Cylimlrics

He Z""'' .'f
"^"'"^ ^^ the^^ancient mathem^aticSHe commented on certain books of Archimedes, whichEutocuis had passed over: he defended Euclid's definttion of proportionals against Campanus; and he refu-

cil
^"'''"'^''^ '''^'^*"^ °''^' circle by SrSal

Purbach rejected the ancient sexagesimal division of

VOL r-p"J T""^ "' '' •''' ^"PP'^^^^* ^ '^^ ^^'^-

GEOMETUY.
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lied into 600,000. RegiomonUnns, again, improved on
Purliach

; and, dividing the radius into 1,000,000 parts
he calculated new tables for every degree and minute'
of the quadrant, adding, for the fust time, the tan-
gents. Jt wa.s Purbach that invented the geometrical
square, and he appears to have been the first that ap-
plied tile plumb line to mark the divisions on instru-
ments.

Lucus Pacciolus, or De Burgo, must be reckoned one
ot the distinguished cultivators of geometry of this pe-
riod. He revised Campanus's translation of Euclid,
but his labours did not appear until I509. His work
^ummatle ArUhmetica Geometria, &c. Up J., contains a
tolerable treatise on geometry. The progress which
had now been made m the Greek tongue, and the in-
vention of printing, contributed greatly to the dissemi-
nation of geometrical knowledge. The Greek mathe*
maticians began now to be known in Europe; and Eu-
chd was printed for the first time at Venice in 1482 in
a foho volume, !)y Eriiard Ratdolt, one of the first
printers of the age: its title was, Prceclarissimus liber
±.lemeulorum Luclidts perspkacissimi in artem /reomelrioe
tncpit quamje/icissime. And at the end we read. Opus
±,lementorum Euclidis Megarensis in geometricam artem;
tn td qiioque Cmnpam perspicassimi commentaliones.
^rhardus Ratdolt, A,tgusle„sis impressor Solerlissimus.
yenelns tmpressit, anno salutis MCCCCLXXXII Oct
cal. Junu. lAxtor vale. On the back of the title-pao-e'
there is a dedication to the reigning Doge. " '

Campanus's translation of Euclid was made from an
Arabic manuscript; but in 1505, Zamberti gave a trans-
lation from the original Greek. In the year 1518 the
spherics of Theodosius appeared for the first time •'

andm 1537, there came out a translation of the first four
books (the only ones then known) of Apollonius byMemmius. But although Zamberti and Memmius might
be good Greek scholars, they had little geometrical
knowledge

; and hence their translations wire in some
measure imperfect. Commandinus possessed both qua-
lihcations, and on that account succeeded better He
translated into Latin, and published in 1558, a part of
the works of Archimedes, with a commentary. Thetwo Iwoks on floating bodies, of which the Greek text
has never been found, were published by him in 1565He gave, in the following year, the first four books of
Apollonius s comes, with the commentary of Eutocius
and the lemmas of Pappus. His Latin translation ofEuchd appeared in 1572. Geometry is also indebted
to him tor a treatise on Geodesia, or the divisions of fi-
gures by an Arabian geometer: the original was fur-
nished by John Dee, an English mathematician. But
his last and most important work was his translation of
the mathematical collections of Pappus, the only one
that has yet appeared. It is probable that, had it not
been for his zeal m the cause of mathematics, this trea-
sure ot geometrical knowledge would still have been
buried in the dust of libraries. Commandinus dietl in
15/5, and his Pappus was printed after his death in
looo.

Maurolycus of Messina distinguished himself both

i^ , iL u'""' uf-
1''^ ^""^"^^ ^"'^ ''»« original works.

I -ri ', •
Pu^'l'^hed a new translation of the spherics

otriieodosius from the Greek; to this he joined the
spherics of Menelaus from the Arabic, and two new
books as a supplement. He prepared an edition, or ra-
ther imitation of Archimedes, which was printed' after
his death

;
and he treated of the conic secUons, dedu,cmg them elegantly from the cone itself. He made the

2b

llUtor^.

De Burgo.

U80.

Comnmndi-
nus. Born
1509. Died
1575.

Mauroly-
cus. Born
1495. Died
1575.
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Tartalea.

Born 1479.

Died 1557.

davius.

Born 1537.

Died 1612.

Ramus.
Born 1515.

Died 1572.

Victa.

Born 1540.

Dial 1603.

Melius.

Died 1636.

Vomanug.
Died 1635.

Ntmius.

Born H<)7.
Died 1577.

Bceord.

Died 1568.

Dee. Died
1608.

Wright.
Died 1G15.

useful remark in dialling, that the shadow of the top of

a style describes a conic section on a plane.

Tartalea, one of the earliest cultivators of algebra,

contributed likewise to the revival of geometry. He
made a translation of Euclid's Elements into Italian,

which appeared in 1547. He also gave a Latin trans-

lation of part of Archimedes in 1543 ; he demonstrated

the rule for finding the area of a triangle from its three

sides ; but the rule itself is probably of great antiquity,

as it occurs in the Gcodesia of Hero the younger.

The very prolix commentary of Proclus on Euclid,

was given in a Latin translation by tv/o mathemati-

cians, Napolitain and Barozzi. And there were many
other translators that would deserve notice in a history

of geometry, if our limits would permit ; but we can-

not find room to notice particulai'ly all the cultivators

of the science in the 16th century. We shall therefore

only mention a few ; as Clavius, whose translation and

commentary on Euclid are still esteemed ; Benedictus,

or Benedetto, mathematician to the Duke of Savoy,

whose writings sliew that he was well acquainted with

the ancient geometrical analysis ; Wolfius, who M'ish-

cd to demonstrate even the axioms of geometry ; and
Ramus, the author of various esteemed works on the

science.

The celebrated Vieta, who flourished in France to-

wards the end of the 15th century, deserves particular

notice. He was profoundly skilled in the ancient geo-

metry, and he restored the book of Tangencics of

Apollonius, in his ApoUonius Gnlliis, an exquisite mo-
del of geometrical elegance. H: was the first that car-

ried the approximate value of the ratio of the diameter

of a circle to its circumference as far as eleven figures ;

and to him we owe the doctrine of angular sections,

one of the most elegant theories in geometry.
The Low Countries produced several geometers of

distinguished merit ; as Metius, who found a very con-

venient approximation to the ratio of the diameter of a

circle to its circumference, viz. that of 1 13 to 355 ; and
Adrianus Romanus, a geometer much esteemed in his

time. He carried the approximation to the circumfer-

ence of the circles as far as 1 7 decimal figures ; and
hence he was the plague of all the pretenders to its

quadrature ; for he was in every case able to shew, that

the lines which they supposed equal to the circumfe-
rence, were either greater than a polygon descril)ed about
the circle, or else less than a polygon inscribed in it.

In this way he refuted Joseph Scaliger, who imposed
upon himself the task of squaring the circle as an amuse-
ment, just to shew his superiority to the plodding ma-
thematicians, who had long sought it in vain. He
wrote a treatise on Trigonometry, and was very suc-
cessful in simplifying the number of cases.

Spain and Portugal can number only two geometers
of note ; the one was Nonius, or Nunez, who deter-
mined elegantly the time of the shortest twiliglit, a pro-
blem which seems for a long time to have puzzled James
Bernoulli. The other was John of Royas, a Castilian,

the inventor of a projection of the sphere.
At this period, England abounded in mathematicians.

Robert Record, John Dee, Leonard and Thomas Digges,
and H. Billingsley, all concurred in cultivating geome-
try. We are particularly indebted to Edward Wright
for tJie invention of liis chart, which is improperly call-
ed Mercator's. His book on the correction of certain
errors in navigation, indicates a geometry beyond that
of his time.

Germany then producetl but few geometers ; it might,
however, boast of John Werner of Nuremberg. He

wrote on the conic sections ; he attempted to restore History.

Apollonius's treatise on the section of a ratio ; he also ^"""^'"^^j

translated EucUd from Greek into German, and culti-
^,j™i^'(;gj

vated trigonometry. His writings, however, have not Dj^d u^
been printed. Other German raathematici.ins did not

1

cultivate so sublime a geometry. Rheticus extended Rlieticus.
^

the trigonometrical tables, and improved them by in- ^?''" ISH^

serting the secants ; and Pitiscus still farther extended ^^
them in his Thesaurus Mathematicus sive Canon Sinuttm, P'tiscus.

&c. which contains the sines of every tenth second of "^'^ ^''^^

tile qu.idrant to 16 figures, and for every second of the •

first and last degree to 26 figures, together with the first,

second, and in some cases the third differences. This !

is one of the most remarkable monuments of human
patience, and is so much the more meritorious, that it

j!

was not accompanied with much renown. "jj

We now enter upon the 1 7th century, the most fer- "!

tile of any in mathematical discoveries : in fact, the

progress since made in the science is little more than

their expansion ; and whatever perfection it may attain

in future ages, a great share of the glory will belong
to the period at which we are now arrived.

One of the earliest geometers of the 17th century was L.Valertttil

Lucas Valerius, an Italian, and Professor of Mathema- 1604.

tics at Rome. He determined the centre of gravity in

complete conoids and spheroids, as well as in their seg-

ments cut off by planes parallel to the base. Archi-

medes had resolved this problem only in the case of
tlie parabolic conoid ; and Commandinus had extended
the subject a little farther, to the easiest cases; but
A'alerius went beyond them both.

Marirras Ghetaldus, a native of Ragusa, was well Ghetalduj.

acquainted with the ancient geometry. Guided by the ^^"^'' ^'^•

indications of Pappus, he attempted to restore the lost

book of Apollonius on IncUnalions, in a work caUed
Apollonius Rcdivhnis. He also wrote a supplement to

the Apollonius Gallus of Vieta. He tlied on a mission

to Turkey in I6O9.

Alexander Anderson was one of the earliest of the Anderson.

Scottish geometers. He appears to have been a friend

or scholar of Vieta, some of whose posthumous works
he published. He was well acquainted with the geo-

metrical analysis; and of this he has given proof in his

Supplcmcnium ApoUimii Redivivi, where he endeavours

to supply what Ghetaldus has left incomplete in his

work. See Anderson.
The Low Countries produced in this period several Ceulen.

mathematicians, whose labours were conducive to the 1619.

progress of geometry. Ludolph Van Ceulen claims at-

tention, on account of the immensely long calculation

by which he determined that the diameter of a circle

being supposed 1, the circumference will be between >

the number

3.14159,26535,89793,23846,26"433,83279,50288,

and the same number increased liy unity in the last •

figure. It must be acknowledged tliat there was more
patience than genius displayed in this effort ; for lie

proceeded simply after the manner of Archimedes, in-

scribing polygons in a circle, and describing others of

an equal number of sides about it, until he found an

inscribed and circumscribing polygon to agree in 36
figures. After tlie example of Arciiimedes, he desired

that this, his greatest discovery, should be inscribed on

his tomb. Geometry, however, derived more real ser-

vice from his other labours.

Willebrod Snellius was another of the Dutch ma- Snellia

thematicians: At the age of seventeen, he undertook to BomW
restore Apollonius's book of Ddcrmiitale Sections, and ^'^ 't
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.tory. he publislicd hi« divination with tlie title ApoUonius Ba-
^{^ tavus. Ho also treated of the approximate value of the

circumference of a circle in his Ci/c/omctria. He here

shewed how Van Ceulen might have greatly shortened

his labour by two limits nearer to tlie circumference

than tlie circumscribing and inscribed polygons ; and

he veriHed the calculation, by computing the perimeter

of a polygon of 10737-11824- sides, which, according to

the other method, would have given only 20 figures of

the number.
1. Albert CJirard, another Fleming, was highly esti-

1633. mable as a geometer. He was the first that found the

surface of a spherical triangle, or of a polygon bound-

ed by great circles on the sphere. He deserves still

more honour, liowever, for his divination of the Pori.svts

of Euclid, if, as he asserted, he really liad succeeded in

restoring the work of the ancient geometer. Unfortu-

nately ins labours on this subject have never been

published.

Want of room obliges us to pass over several whose
reputation as geometers is excelled by that which they

acquired in other branches of matliematics : we must
not, however, omit the celebrated Kepler ; he was the

•first that had the boldness to introduce the name and
the idea of infinity into the language of geometry. The
circle he considered as composed of an infinite number
of triangles, having their vertices at the centre, and of

wliich the bases form the circumference ; and the cone,

as made up of an infinite number of pyramids, whose
bases formed its base, and which had with it a common
vertex.

By the aid of these, and similar views, Kepler, in

his Nova Stereomelria, a work on gauging, demonstra-
ted, in a direct manner, and with great brevity, those

trutlis whicli the ancients had established by tedious

and very peculiar modes of reasoning. Kepler opened
in this book a vast field for speculation ; for, passing

beyond the views of Archimedes, he formed a multi-

tude of new bodies, and he investigated their solidi-

ties. Archimedes limited his enquiiies to those gene-
rated by the rotation of conic sections about an axis,

but Kepler treated of solids generated by the rotation

of tliese curves about any line whatever in their plane.

He tlius considered ninety solids besides those handled
by the Sicilian geometer. Upon the whole, this book
contained views which appear to have had great influ-

ence on the improvements that soon afterwards took
place in geometry.
The problems proposed by Kepler probably led to

the invention of the methods of Guldin and Cavalle-

rius. The principal discovery of Guldin consisted in

an application which he made of a property of the
centre of gravity, to the measure of solids produced by
revolution. " Every figure," says he, " formed by the
rotation of a line, or a surface about an immoveable axis,

is the product of the generating quantity by the line

described by its centre of gravity. This principle, cer-

tainly one of the most beautiful discoveries in geome-
try, w;is however known in the days of I'appus ; for
it is distinctly stated at the end of the preface to his

seventli book ; yet Guldin takes no notice of the cii--

cumstance.

To Cavallerius we are indebted for the doctrine of
indivisibles, which he published in \G?.b. In this, he
considered a line as made up of an infinite number of
points, a surface, of an infinite number of lines, and a
solid, of an infinite number of surfaces : these elements
of magnitudes he called Indivisibles. 'l"hc introduction
of so bold a postulate into geometry, was opposed by
some of his contemporaries; but in answer, the Italian

geometer explained that this hypothesis was by no

means an essential part of his theory, which, in fact,

was the same as the ancient method of exhaustions,

but free from its tedious and indirect modes of reason-

ing.

In the first place, he considered such figures as

ha<l their increasing or decreasing elements at equal

heights above the base, always in a given ratio; and
lie shewed that the figures themselves were to each

other in the same given ratio. Next, he compared
figures composed of an increasing or decreasing se-

ries of elements, with others in which the elements

were all equal : for example, a cone, whicli he con-

sidered as compoeed of an infinite number of circles,

increasing from the base to the vertex, with a cylinder,

which is composed of an infinite number of circles, all

of the same size ; and to determine the ratio of the con-

tents of the two solids, he found the ratio of the sum
of the decreasing circles in the cone, to the sum of the

circles which were equal to one another in the cylinder.

In the cone, these circles decrease from tlie base to the

vertex as the squares of the terms of an arithmetical

progression. In other solids, they form other progres-

sions : for example, in the parabolic conoid, it is simply

that of an arithmetical progression. The general object

of the method is to assign the ratio of this sum of an in-

creasing or decreasing series of terms with that of the

equal terms which form an uniform and known figure

of the same base and altitude. The method of indivi-

sibles is now superseded by the more extensive doc-

trine of fluxions ; yet it was of immense importance

at the time it Was invented, and in fact was one step

towards that grand discovery.

The French geometers pursued the same career of

discovery, and almost at the same time as Cavallerius ;

they even resolved more difficult problems. In 1636,
Fermat had found the area of a spiral, of a different

nature irom that which Archimedes had handled ; and
soon afterwards, he proposed to Roberval to determine
the areas of parabolic curves of the higher orders, (See
Fermat.) Roberval quickly resolved the problem ; and
he also determined their tangents. Fermat, again, on his

part, found their centres of gi-avity. Roberval claimed
the merit of having invented for himselfa theory altoge-

ther similar to that of Cavallerius, before the latter had
made his known ; but as his selfish views led him to

conceal it, that he might triumph over his contempora-
ries, he has but little claim on the gratitude of poste-

rity as a discoverer, although he deserves credit for his

skill as a geometer. Roberval did not venture to devi-

ate so much from the common language of geometry as

Cavallerius ; he conceived his surfaces and solids to be
made up of an indefinite number of very naiTow rect-

angles and thin prisma, which decreased according to a
certain law.

The celebrated Descartes contributed in no small de-

gree to the developement of these new and brilliant

discoveries in geometry. When Mersennus had sent

him an account of Fermat's method of finding the centre

of gravity of conoids, Descartes quickly sent him the
detennination of the centres of gravity of all parabolas,

also their general quadrature, tlieir timgents, and the

ratios of their conoids.

It wiis in this period that the logaritlimic spiral and
cycloid were brought into discussion ; the former was
suggested by Descartes, the latter was first noticed by
Galileo. See Ei'icvcLoin.

Passing over many geometers of ordinary merit, we
must notice Pascal, who, at the age rf twelve, had
such a turn for geometry, that he undertook to con-

Hiatory,

Fermat.
Died 1665.

Iloberval.

Born 160?.

DieU 1675.

Descarte?.

Horn 1 j9().

Died 165U.

Pascal.

Born 1683,

Died 1662.
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Gregory St

Vincent.

Born 1584.

Died 1667.

Tacquet.

Died 1660.

Huygcns.
Bom Ui29.

Died 1695.

.1. Gregory.

Bom 1C3?.

Died 1675.

Struct a system for hjmself, guided by the recollec-

tion of the conversations which he li.i(l lieai'd among
the mathematicians that visited his fatlier, who was
himself a mathematician. He had gone as far as to

discover that the three angles of any triangle were equal

to two right angles, when he was observed by his fa-

ther. At the age of \6, he is said to have composed a

treatise on conic sections, in which all that Apollonius

had demonstrated was elegantly deduced from a single

proposition : this was shewn to Descaites, but the phi-

losoper could not believe it to be the work of so young
a geometer. The hopes he had so early excited, and
the elegance of his disquisitions on the cycloid, gave

geometers reason to regret that a larger portion of his

short life was not dedicated to the science. He died in

1662, aged 39.

Gregory St Vincent, a Flemish mathematician, held

a respectable place among the geometers of his daj'.

The main object of his researches was the quadrature

of the circle, which he sought with the most persever-

ing industry through all the difficulties of the geome-
try of his time. He even believed he liad succeeded

;

but in this he was wrong: his researches, however,

procured him a rich harvest of other geometrical

truths.

Andrew Tacquet, another Flemish mathematician,

was a respectable geometer. He endeavoured to ex-

tend the boundaries of the science by a treatise on the

mensuration of the surface and solidity of bodies form-

ed by cutting a cylinder in different ways by a plane,

and of different solids formed by the revolution of seg-

ments of circles and conic sections. In treating of

these, he has affected the rigorous style of the ancient

demonstration, a thing not entitled to commendation,
considering that it was by adopting a more brief style,

and new views, that the science was then receiving
great improvement.
The celebrated Huygens was one of the brightest

ornaments of that periotl. At an early age, he pub-
lished his Theoremala de Circuli cl hyp. quad. He
completed what Snellius had done concerning approxi-
mations to the circle, in his work De Circuli Mannitu-
dine invenla ; these were the labours of his youth : af-

terwards he found the surface of conoids and spheroids,

a problem which, on account of its difficulty, had not
been attempted before his time. He determined the
measure of the cissoid ; he shewed how to reduce the
problem of the rectification of curve lines to that of
quadratures ; and he invented the theory of involutes
and evolutes. His treatise De Horologio Oscillaturio,

is the finest specimen that has ever been given of the
application of the most profound geometry to mecha-
nics. In short, his name is associated in the history of
geometry with some of the most brilliant discoveries
that have been made in the science.

Our countryman, James Gregory, also stands in the
very highest class as a geometer. He treated of the
quadrature of the circle, and gave better methods of
approximiting to it than were known before his time.
He attempted to shew that the complete solution of the
problem was a thing impossible ; but the correctness
•f his reasoning was questioned by Huygens. In 1 668,
Gregory pubhshed his Geometrice pars Universalis,
which gave the first idea of the logarithmic curve, and
conuined many curious theorems useful for the trans-
formation and quadrature of curvilineal figures, for the
rectification of curves, and for the measure of their so-
lids of revolution, &c. He wrote various other works,
some of which belong rather to the modem analysis

than to the ancient georaetr}'. The excellence of his History

writinjrs, and their rareness, has induced Mr Baron
Maseres to reprint tlrem at his sole expence, as a testi-

mony of his estimation of the author's merit, and to
make the elegance of his views, and the extent of his

claims as a discoverer, better known. Our mathema-
tical re;i.ders will readily recollect, that this is not the
only obh'g.ition of the kind that this worthy man has
conferred upon science. See Gueoorv.
Dr Barrow next claims our attention by his admira- Barrow

ble geometrical writings; his geometrical lectures are Bom 1630.
composed partly in the style of the ancient, and partly Oied 1677.

in that of the modern geometry. He had the high ho-
nour of being the geometrical tutor of Newton, to

whom he resigned his mathematical professorship,

with a view to dedicate his time to theological stu-

dies ; but seduced from his purpose by his favourite

science, he did homage to it, by giving an edition of
the writings of Archimedes, Apollonius, and Tiieodo,
sius. Such was this excellent man's estimation of geo-
metry, that he considered the contemplation of it as

not unworthy of the Deity. The beginning of his

Apollonius was inscribed with the words, 0eo? yufiij^u,

Tu autem Dnmine quanius es geomelra, " God himself
geometrizes; O Lord, how great a geometer thou art

!"

In Italy, Torricelli, the disciple of Galileo, cultivated TorricelU.

geometry : with such a master, it is easy to conceive Bom 1608.

any degree of excellence in the scholar. Among other ^'^^ *^*^'

geometrical enquiries, he treated of the solid formed by
the rotation of a hyperbola about its asymptote ; and
he shewed that it had a finite magnitude, a thing which
may appear paratloxical, when it is considered that the
generating surface is infinitely great.

Borelli also claims attention on account of his edi.

tions of Euclid, Apollonius, and Archimedes, works re.

markable for their brevity and perspicuity ; and also

because of his efforts in translating from the Arabic
three books of the Conies of Apollonius, which were
then supposed to have been lost. See Conic Sec«
TIONS.

Viviani, another disciple of Galileo, must here also Viviani.

be noticed. His geometrical writings were of the most Bo"> 1628i

elegant and valuable kind. We have spoken, in our ^^^ ^'^^'

treatise on Conic Section?, of his restoration of the
Conies of Apollonius J and in our treatise on Fluxions,
(art. 165.) of his beautiful problem concerning the
quadrature of a portion of the surface of a sphere.

We have already noticed some of Descartes's geo*
metrical labours, but his main effort, for which his

name will be handed down to posterity with honour,
was his application of algebra to geometry ; an inven-

tion by which the properties of geometrical figures

were represented by equations. His Geometry, which
contains his views on this subject, was published first

in 1637. The union of geometry and algebra promo-
ted very much the discovery of the new calculus, the

germ d which lay concealed in the method of exhaus-
tions of the ancients, was partly evolved by Cavallerius,

and still farther in the arithmetic of infinites of Dr
Wallis, and, lastly, fully expanded by Newton and
Leibnitz. The history of geometry becomes now in-

terwoven with that of the modern analysis, and is

chiefly interesting by the extent to which the science

has been carried by that powerful instrument of inven-
tion.

Although the ancient geometry was thus in a man. _
ner supplanted by the modern theories, the science by Mom Ic+S <

no means lost its interest. Sir Isaac Newtosi held it Died 17?" {

in such esteem, that he delivered bis sublime dibcove* <

Borelli.

Born 1608.

Died 1679,

Kevlon.

I. J
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ries in its langiiape, and established their truth by its

peculiar nioile of demonstration. The conic sections,

one of its earliest and most profound theories, acquired

a value by its application to astronomy, far beyond

•what it ever had when considered merely as an object

of intellectual speculation ; and the leaminpr and genius

of Uallcy and Gregory were employe<l in restoring and

bringing into view the precious remains of Euclid and
Apollonius

For upwards of a century, the physico-mathematical

sciences have very much engaged the attention of ma-
thematicians ; but in these, the ancient geometry af-

fords a very limited degree of aid in comparison to the

modern : hence no doubt it has happened, that the ve-

nerable theories of the ancients have been less noticed.

There have, however, been some who have sedulously

cultivated them, and endeavoured to restore them to

their former importance ; and this spirit has been par-

ticularly manifested in Britain. It is a curious circum-

stance, that when the subtile reasonings of the inge-

nious Bishop of Cloyne had raisetl doubts as to the

justness of the high claims of the doctrine of fluxions,

the boast of the modern analysis ; the ingenious Mac-
laurin thought the safest course he could follow, was
to call geometry to its aid, and to explain its principles

in the clear style, although circuitous manner, of the

ancients.

Passing over several foreigners who have cultivated

geometry in the 18th century, as well as natives of Bri-

tain, for whose particular labours we cannot find room,

we must notice the celebrated Scottish geometer Dr
Robert Simson. To him we are indebted for a treatise

on conic sections, composed on the model of the an-

cients ; also for restorations of the Plane Loci of Apol-
lonius, and the books of detenninate sections ; but more
especially for his restitution of the Porisms of Euclid

:

a task which we are not certain was ever accomplished

by any geometer before his time ; although Albert Gi-
rard, as we have already observed, claimed a like honour.

His edition of the first six, and the eleventh and twelfth

books of Euclid's Elements, has now in a manner su-

perseded all others in this country, and is almost uni-

versally taught in our schools.

Dr Matthew Stewart, the friend of Simson, was an-
other geometer, whose writings and example have great-

ly contributed to establish a correct taste for this study
in Scotland. His first essay was, a Collection of General
Theorems ; the most elegant of any that are known in

the whole compass of mathematics. They were given
without demonstrations, except a few of the more simple,

which he has proved with a degree of elegance that ren-

ders them the finest models of geometrical reasoning.

His tracts, physical and mathematical, his essay on the
sun's distance, and his solution of Kepler's problem, are

attempts to apply pure geometry to the sublimest inqui-

ries in astronomy. His partial success has shewn wnat
may be accomplished by the force of genius ; and the
points in which he has failed serve also to shew, that
even in such a masterly hand, the geometrical method
is still limited in its application, and can by no means
be compared in power with the modem geometry.
This excellent geometer publishetl also a work entitled

Propositiones Geometricw, Morr Vtterum demonstrctae,
tul llet/meiriam Aniiquam illustrandam el pr-miove •dam
idoiiea; which we reckon one of the most valuable that
could be put into the himds of a student that is pre-
viously acquainted witli the elements, and is desirous
of learning the true .spirit of the ancient geometry.
To such of our readers as wish to appreciate the high

3

merit of these two geometers, we recoinmpnd the Rev. History.

Dr Traill's excellent life of Dr Simson (1812), and an
'—^r^

elegant biographical account iif Dr Stewart, composed
by Mr Playfair, and rend before the Hoyal Society of
Edinburgh, (^Edin. Phil. Trans, vol. i.) See also the ar-

ticles Simson and Stewart in our Work.
Regretting that our limits oblige us to omit many

British geometers, whose names deserve preservation,

we shall yet mt-ntion two; the Rev. Mr Lawson, au- Lawson.
thor of a Dissertation on the Geometrical Analysis of
the Ancients, and English editions of the Tangencies
and Detenninate Section of Apollonius ; and Dr Hors- Horsley.

ley, Bishop of St Asapli. This learned prelate has Bom 173?.

given a restoration of Apollonius' work on Inclinations, ^"^ ISofi,

also a neat edition, in Latin, of Euclid's Elements, be-

sides other works on geometry. For farther informa-

tion relative to the history of geometry, the reader may
consult the articles Analysis, Ahithmetic of Sines,

Conic Sections, Curves, Dialling, Epicycloid, and
other branches of mathematics that are to follow the

present article ; also the biographical accounts of ma-
thematicians contained in our work. We shall now
give a select catalogue of the principal works which
have been written on geometry, particidarly those

which exhibit the progress of its improvement. Such
as relate to conies have been already enumerated in

Conic Sections, and those that treat of Trigonome-
try, will be indicated in that article.

On the history of geometry, consult Montucla, His- Listof Wri-

toirede MaUiematiques, (2d edit.) Bossut's General His- tersonGeo--

tory of Mathematics in French, of which there is an '"'^'O'-

English translation, and Dr Hutton's Dictionary, (2d
edit. 1815

)

Euclid, The Elements ofGeometry. Of this there are

very many editions; the first is that of Ratdolt, 1482.

There is an elegant Greek and Latin edition of his

works by Dr Gregory, Oxford 1703. Perhaps the most
valuable isthatof Peyrard, in Greek, Latin, and French,
of which I he first six books are now published. Dr
Barrow's edition of all the books, and the Data, and Dr
Horsley's ofthe first 12, from the Latin versions of Com-
mandine and Gregory, and the Data, are valuable. Sim-
son's edition of the first six, and the 11th and 12th
books, and the Data ; and Playfair's edition, the first

six, (the same as Simson's,) and three additional books
on solids, are most commonly used.

Euclid's Porljnns have been restored by Dr Simson in

his Opera Reliqua, 1776.

Archimedes ; tlie best editions are Torelli's in Greek
and Latin, Oxfor<l, 1792 ; and Peyrard's French trans-

lation, Paris, 1808. The first edition of the Greek
text was that of Venatorius in 1 544.

Apollonius ; the writings that have been recovered of
this celebrated geometer are :—

1. The Section of a Ratio ; and, 2. The Section ofa
Space. These have been restoretl by Snellius, 1607 ;

and by Dr Halley, 1706.

3. Deterniinete Sfction ; Snellius restoretl these in his

Apollonius Batavus, 1601. There is an English trans-

lation by Lawson, to which is added a new restoration

by Wales, 1772. Simson has restored this work in his

Opera Rtliqua, 1776 ; and Gianhmi, an Italian geome-
ter, in 1773.

4. Tangencies ; Vieta restored this in his Apollonius

Gallus, IfiOO. Some additions were made by Ghetal-
dus, and others by Alexander Anderson, in l6l2. The
labours of V"ieta and Ghetaldus have been given in Eng-
lish by Lawson, 1771.

5. The Plane Loci; these have been restored by
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Hiotory. Schooten, 1656 ; and Fermat, 1679 ; but the best res-

'—
'Y'"*' toration is that of Dr Simson, 1749.

6. The Inclinations ; these were restored by Ghctal-

du8, in his Apollonius Redivivus, 1607 : To this there is

a Supplement by Anderson, 1612. There is also a

restoration by Dr Horsley, 1770; andanotlier by Reu-

ben Burrow, 1779.

Theodosius and Menelaus: These were published by
Maurolicus in 1558, and Burrow gave Tlieodosius in

1675. There is also an Oxford edition by Hunter, iu

1707.
Proclus, Commentariorum in Primum Euclidis librum

Libri iv. Latine vertit F. Barocciiis, 1560. Proclus has

also been given in English by Taylor, 1788.

Eratosthenes, Geomelria, Sfc. cum aiinot. 1672.

Veterum Mathemadcorvm Allienwi, Bitonis, Apollodo-

ri, Heronis, Philonix, et aliorum, Opera Gr. et Lai.

1693.

Lucas de Burgo, Summa de Arithmelica, Geometria,

&.C. 1494.

Albert Durer, Iiislitutiones Geometricce, 1532.

Buteo, De Qi/adratura Circuli, 1559.

Ramus, Arilhmeticee, lib. ii. GeometriciB, lib. xxvi.

1580.

Vieta, Opera Mathemalica, 1589.

Vieta, Variorum de reb. math, responsorum, lib. viii.

1596.
Lucas Valerius, De centro Gravitaiis Solidorum, 1604.

Metius, Arithmet. el Geomet. pract. 1611.

Anderson, Supplementum Apollonii Redivivi, 1612.

AiTtdhoyix, Pro Zelelico Apolloniani proble-

malis a sejam pridem eililo in Sup. Apol. Red. I6l5.
•^^—^— Tkeoremata ¥.ahhiK<iri^» A. Fr. Viela Fon-

teracensi excdgitaia. &c. 1615.
- FindicicB ArcJiimedis, &c. 1616.

Exer. Malhemat. &c. 16 19.

Kepler, Nova Stcreometria, &c. 1618.

Van Ceulen, De Circulo et adscriptis, 1619-
Snellius, Cj/clomelricw:, l621.

La Faille, Thcorcmata de centro Gravilatis partium
circuli el ellipsis, l632.

Guildin, De Centra Gravilatis, &c. 1635.
Cavallerius, Geometria iiidivisibilium cOHtinuerum no-

va quadam ratione promota, 1635.

Cavallerius, Exercitationes Geomelricce, 1647.
Des Cartes, Geometric, 1637.

Toricelli, Opera Geomelrica, 1644.
Gregory St Vincent, Opus Geometricum quadralurte

ciradi et Sediouum Coni, 1647.
Oughtred, Clavis mathemalica, 1653.
Schooten, Exer. Mathemnticorum, hb. v. 1657.
Pascal, A. Detlonville Lellres (on the Cycloid) 1659.
Ricci, Exercil. Geom. de max. et minimis, 1666.
James Gregory, Fera Circuli et Hyperbolce Quadra-

tura, I667.

.lames Gregory, Geometric Pars Universalis, 1668.
James Gregory, Exercilaliones Geomelrica; I668.

• Tacquet, Opera Omnia Mathemalica, I669.
Huygens, Opera, collected by s'Gravesande, 1751.
Barrow, Leclio7ies Oplicce et Gecnietricte, 1674.
Barrow, Lecliones Mathemalica;, 1683.
David Gregory, Exer. de dimen. Figurarum, 1684.
David Gregory, Practical Geometry, 1745.
De Omerique, Analysis Geomelrica, l698.
Sharp, Geoine/ry/?n)jrot)erf, &c. I7I8.

Stewart, General Theorems, 1746.

Stewart, Proposiiiones Geomelricce, 1763.

R. Simson, Ojiera qucedam Reliqua, 1776.

Traill, Life of R. Simsoti, 181-2.

'lljomas Simpson, Elements of Geometry, 1747, and
1760.

Tliomas Simpson, Select Exercises, 1752.

Boscovich, Elementa Universce Malheseos, 1754.

Montucla, Histoire des Recherches sur la quadrature

de Cercle, 1754.

Emerson, Elements of Geometry, 1763.

Lawson, A Dissertation on the Geometrical Analysis of
tlie Ancients.

Lawson, A Synopsis ofDatafur constructing Triatt'

gles, 1773.

West, Elements of Mathematics, 1784.
L'Htiillier, Pdygonomelrie.

Lacroix, Elemcns de Geometric descriptive, 1795.
Mascheroni, Gcometrie du Compas, 1798.
Mascheroni, Traite d'Arpenlage

Monge, Geomelrie Descriptive, 1799.
Playfair, Origin and Investigation of Porisms. Edin.

Trans, vol. iii.

Wallace, Geometrical Porisms. Edin. Trans, vol. iv.

Carnot, Geometric de Position, 1803.

lyCgendre, hlcments de Geometric, ninth edit. 1812.

Leslie, Elements of Geometry, Geometrical Analysis,

and Plane Trigonometry, 2d edit. 1811.

The three books which Mr Leslie has given on the

Geometrical Analysis, are a great acquisition to elemen-
tary geometry.

Creswell, On Geometrical Maxima and Minima.

To such as are entering on the study of geometry,

we would recommend any one of the following works :

Simson's Euclid, Playfair's Geometry, Legendre Gco-

metrie, Leslie's Geometry. Indeed, we would recom-

mend the perusal of Legendre's work with any of the

others. We have chiefly kept it in view in drawing up
the following article.

Every one has a distinct idea of a body, or solid. It

is extended in three directions, that is, it has length,

breadth, and thickness. We easily conceive that there

is something which bounds a solid, or which separates

the space it fills from space in general ; that l)oundary

is a surface, which can manifestly have only two di-

mensions, viz. length and breadth.

A surface again has a boundary, or something that

may separate a portion of it from the remainder, that is

a line, which can have but one dimension.

Again, there is something that terminates a line, or

which indicates where one portion of it ends, and ano-

ther begins ; this is a point, which can neither have

length, breadth, nor thickness. Here, then, we have
three different species of magnitude, viz. solids, surfa-

ces, and lines, which form the object of geometrical

discussion.

The elements of geometry are commonly divided into

two Parts ; one treats of the properties of lines and fi-

gures described upon a plane surface ; and the other re-

lates to the properties of solids : the former is some-

times called Plane, and the latter Solid geometry.

M
H&
^-^
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Part I. OF LINES AND FIGURES UPON A PLANE.

W E have seen how the general ideas of" a surface, a

-, —' line, and a point, may be acquired from the considera-

tion of a solid. Tlie elements of geometry admit of only

two lines, the straight line, and the curve. The straight

line serves to determine the nature of the surface called

a plane ; and from both we get a correct notion of a

circle. But the nature of these, and the other things

to be discussed, will be particularly explained in the

following Sections by precise definitions.

SECTION r.

The Principles of GEojiExny.

Dejlnitions.

ilioDs. 1. A poittt is that which has position, but not mag>
nitude.

2. A line is length without breadth.

Cor. I'he extremities of a line are points, and the

intersections of one line with another are also points.

."3. A straight line is the shortest way from one point

to another.

4. Every line which is neither straight, nor com-
posed of straight lines, is a curve line.

Thus, in Fig. 1. Plate CCLXX. AB is a straight

:. line, and ACB a curve line.

5. A surface, or superjicies, is that which has only
length and breadth.

Con. The extremities of a superficies are lines, and
the intersections ofone supei-ficies with another are also

lines.

fi. A yj/nne superficies is that in which any two points

being taken, the straight line between them lies wholly
in that superficies.

7. Every surface which is neither a plane, nor compo-
sed of plane surfaces, is a curve surface.

8. A plane rectilineal angle is the inclination of two
straight lines to one another, which meet together, but
are not in the same straight line. The point in which
the lines meet one another is called the vertex of the
angle; and the lines are called its sides. *

N. B. When several angles are at a point A (Fig. 6.

)

any one of them is expressed by three letters, of which
the letter that is at the vertex of the angle is put between
the other two, and one of these is somewhere upon one
of the straight lines, and the other upon the other line.

Thus, the angle which is contained by AB and AC is

named the angle CAB or BAC ; that which is contain-
ed by AB and AD is named the angle DAB or BAD ;

and that which is contained by AC and AD is called

tlie angle CAD or DAC. But if there be only one an-
gle at a point, as in Fig. 2. it may be expressed by a

letter placed at that point, as the angle at A, or the
angle A.

y. When a straight line standing on anotlier straight

line makes the adjacent angles equal to one another,

each of the angles is called a rigid angle ; and the
straight line which stands on the other is called a per'

pendicular. (Fig. 7.)

1 0. An obtuse angle is that which is greater than a right

angle (Fig. 8.) ; and an acute angle is that which is

less than a right angle (Fig. p.)

1 1. Parallel straight lines are such as are in the same
plane, and which bemg produced ever so far both ways,
do not meet. (Fig. 1 0.)

12. A plane^gure is that which is enclosed by one
or more hnes on a plane. If the lines are straight, the

space they enclose is called a rectilineal figure, and the

lines themselves are called its perimeter. See Fig. 11,

12, &c. to Fig. 22.

1 3. A rectilineal figure having three sides is named
a triangle; a figure of four sides is called a quadrilate-

ral; that of five sides is a pentagon ; that of six sides

is a hexagon, and so on. Figures of more than four

sides are likewise called polygons.

1 i. An equilateral triangle is that which has its three

sides equal (Fig. 11.) An isosceles triangle is that

which has only two equal sides (Fig. 12.), and a sca-

lene triangle that which has all its sides unequal. (Fig.

15. A right angled triangle is that which has a right

angle. The side opposite to the right angle is called

the hi/pothenuse (Fig. 14.)

An obtuse angled triangle is that which has an obtuse

angle (Fig. 15.)

An acute angled triangle is that which has all its an-

gles acute (Fig. 16.)

16. Among four-sided figures the following are dis-

tinguished by particular names :

A square is that which has all its sides equal, and all

its angles right angles (Fig. 17-)

A rectangle is that which has its angles right angles,

but its sides not equal (Fig. 18.)

A rhombus is that which has all its sides equal, but

its angles are not right angles (Fig. 1 9.)

A parallelogram, or rhomboid, is that which has its

opposite sides parallel (Fig. 20.)

A trapezium is that of which the opposite sides are

not parallel (Fig. 21.)

A trapezoid is that of which only two of the opposite

sides are parallel (Fig. 22.)

17. The diagonal of a figure is a straight line which

joins the vertices of two angles which are not adjacent.

Thus, in Fig. 48. AC, AD, AE, &c are cUagonals of

the figure ABCDEFG.
18. An equilateral polygon is that which has all its

Pigi. 8. and

9.

Fig. 10.

Figs. 11.

12, &c to

Fig. «2.

Figs. 11,

12, and 13.

Fig. 1*.

Fig. IS.

Fig. 16.

Pig. 17.

Pig- 19.

Fig. 19.

Fig. 20.

Fig. 21.

Fig. 22.

Fig 48.

• To get an accurate nation of the nntwre of an angle, we may suppose tliat the angle contained by the straight lines AB and AC
(Fig. 2.) is successively compared wiili tlie angle* contained by the lines DE and DF (Fig. 3.) ; and D'E' and D'F' (Fig. 4. and o.) First,

suppose that the line AC (Fig. 2.) is placed on tlie lineDF (Fig. 3), so that the point A may fall on D ; tlien, if AC coincide with DF, th«

ani;le contained by AB and AC is equal to the angle contained by DB and DF. But if, when AC is placed on D'F' (Fig. 4. and Fig. 5.)

and A on D', the line AB do not fall on D'H', but has another position OG ; then the angle contained by AB and AC is not equal to th»

angle containe<l by D'E' and D'K' : It is greater if D'E' fall between DG and D'F', as in !• ig. 4 ; but it is less if DG fall between D'E'
and D'F', as in Fig. 5.

An angle may be made up of several angles ; thus, in Fig. 6. tlie angle contained by the lines AB and AD is th« sum of the two angles
contained by AB and AC, and by AC and AD. If these arc equal, it is double any one of them.

Hence it appears, that like other quantitiec, angles admit oi addition, subtraction, multiplication, and divitioB. .
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Principles sides equal ; an equiangular polygon is that of which all

^"^'Y^^ the ansles are equal.

19. Two polygons are eauilateralhetyicen Uiemselveg

w'hen their side's are equal each to each, taken in the

same order ; that is, when going round the two figures,

a side of the one is equal to a side of the other, the next

side of the one to the next side of the other, and so on.

In a like sense, polygons are equiangiiUn: In either

case, the equal sides or angles are^called homologous

sides or angles.

Explanation of Terms and Signs.

An axiojn is a self-evident truth.

A theorem is a truth which becomes evident by a pro-

cess of reasoning called a demonstration.

A problem is something proposed to be done ; or it

is a question that requires a solution.

A lemma is a truth premised to facilitate the demon-

stration of a theorem, or the solution of a problem.

The common name proposition is given indifferently

to a theorem, a problem, or a lemma.

A corollary is a consequence which follows from one

or several propositions.

A scholium is a remark upon one or several proposi-

tions going before, tending to explain their connection,

their utility, their restriction, or their extension.

A hypothesis is a supposition made either in the enun-

ciation of a proposition, or in the course of a demonstra-

tion.

For the sake of brevity, it is convenient to employ,

to a certain extent, the signs of algebra in geoinetry.

Those we shall chiefly employ are of the most simple

nature, viz. the signs +, —, —, ~P', -c^. Their mean-

ing is fully explained in the beginning of Algebra,
articles 19, 20, 21, 22, and 23 ; and to that place we re-

fer the reader. Others that may occur will be ex-

plained as we proceed.

Axioms.

1

.

Things which are equal to the same thing are

fqual to one another.

2. If equals be added to equals, the wholes are equal.

3. If equals be taken from equals, the remainders are

equal.

4. If equals be added to unequals, the wholes are un-
equal.

5. If equals be taken from unequals, the remainders

are unequal.

6. Things which are double of the same, are equal to

one another.

7. Things which are halves of the same are equal to

one another.

8. Magnitudes which coincide with one anothei-, that

is, which exactly fill the same space, are equal to one
another.

9. The whole is greater than its part.

10. Only one straight line can be drawn from one
point to another.

11. Two straight lines cannot be drawn through the
same point parallel to the same straight line, without
coinciding with one another.

IViaal
Postulates.

1. Let it be granted, that a straight line may be

drawn from any one point to any other point.

2. That a terminated straight line may be produced

to any length in a straight line.

3. And that a circle may he described on any centre

at any distance i'rom tliat centre. *

Note. The references in the following treatise are

to be understood thus : (4.) means the 4th Prop, of the

section in which it occurs. (Cor. 4.) means the corol-

lary to the 4th Prop. (2. Cor. 4.) means the 2d Cor.

to Prop. 4. (4. 3.) means the 4th Prop, in the 3d sec-

tion of the Part in which it occurs. Again, (5. 4. P. I.)

means tie 5th Prop, of the 4th section of Part I. a»d

soon.

Proposition I. Theohem.

All right angles are equal among themselves.

Let the straight line CD be perpendicular to AB, and Fig.

GH to EF ; the angles ACD, EGH shaU be equal to

one another. Take the four equal distances CA, CB,

GE, GF ; then AB shall be equal to GF. Suppose

now the line EF to be placed upon AB, so that E
may coincide with A, and F with B : the lines EF, AB
must coincide; for otherwise, two different straight lines

might be drawn from one point to another, which is

impossible, (Ax. 10.) Therefore the point G, the mid-

dle of EF, will fall upon the point C, the middle of

AB. Now, the line GE thus coinciding with the line

CA, the line GH will coincide with CD ; for if it could

have any other position, as CK, then because the angle

EGH is equal to HGF, by hypothesis, (Def 9), it

would follow that the angle ACK would be equal to

KCB, and consequently the angle ACD would be less

than BCK, and therefore much less than BCD, which

is impossible, because the angle ACD ought to be equal

to the angle BCD, (Def. 9.) Therefore it would be

absurd to suppose that GH did not coincide with CD,
consequently the angle ACD is equal to EGH.

t

Prof. II. Theor.

Any straight line CD which meets another straight Fig

line AB makes witli it two adjacent angles ACD, BCD,
which taken together are equal to two right angles.

At the point C, let a straight line CE be drawn per- i

pendicular to AB. The angle ACD is the sum of the

angles ACE, ECD ; therefore, ACD -f DCB shall be
]

the sum of the three angles ACE, ECD, DCB, (axiom
|

2) ; the first of these is a right angle, and the two 1

others make together a right angle : tlierefore, the sum s

of the two angles ACD, BCD is equal to two right

angles. i

CorollaRY 1. If one of the angles ACD, BCD is a
\^

right angle, the other is also a riglit angle.

CoK. 2. (Fig. 25) All the angles BAC, CAD, DAE, piJo.

EAF, which any number of straight lines make with

another line BF are together equal to two right angles.
|

• According to the strict method of Eudid, before any line is supposed to be drawn, or any figure constructed, the manner of doing it

should be shewn. There is, however, some convenience in abating a little of this rigour, so far as to take for granted, that, for the pur-

pose of demonstrating a theorem, lines may be drawn in a proposed manner, and certain figures constructed, although the manner of draw-

ing the lines and constructing the figures may not have been explained. This concession, however, is to be confined entirely to the tlieo-

rcros, and by no means to be extended to the problems.
The -three postulates in the tc»t are all that are absolutely requisite in a system of geometry.
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•rinciples. For their sum is equal to the two angles BAD and
^-\-^^ DAF, which togetlicr mnkc two right angle*.

ir. 8c>. Con. 3. (Fig.'2().) All the anglfs which any num-
ber of lines .AH, AC, AD, AR,&c. make about a point,

are equal to four right angles. For through .\ draw

a straight line I'Q, then all the angles whicli the

lines make on euch side of VQ, are equal to two right

angles : therefore, all the angles on both sides, which

make up the angles about A, are equal to four right

.ingles.

PllOP. III. TllEOR.

ig. ?7. II" ^'^^'^ adjacent angles ACD, DCB are together equal

to two right angles, the two exterior sides AC, CB form

one continued straight line.

For, if CB be not the continuation of CA, suppose

CE to be its continuation ; then the sum of the angles

ACD, DCE is equal to two right angles, (2.) But by
hypothesis, the sum of the angles ACD, DCB is equal

to two right angles ; therefore ACD 4- DCE=ACD+
DCB (Ax. 1.) And taking from each the angle ACD,
there remains the angle DCE equal to the angle DCB
(Ax. 3.), a part equal to the whole, which is impos-

sible, (Ax. 9.)

'

Pnop. IV. Theor.

g. 28. If t'^^'o straight lines AB, DE cut each other, the ver-

tical or opposite angles shall be equal.

For because DE is a straight line, the sum of the

two angles ACD, ACE is equal to two right angles,

(2.); and because AB is a straight line, the sum of
the angles ACE. ECB is equal to two right angles,

(2.) ; therefore the sum of the angles ACD, ACE is

equal to the sum of the angles ACE, ECB ; and taking
away from each the common angle ACE, there remains
the angle ACD equal to tlie vertical or opposite angle

Prop. V. Theor.

Two straight lines which have two common points
coincide entirely throughout their whole extent, and
form but one and the same straight line.

g- 29. Let A and B be the common points; in the first place,

the two lines can make but one, from A to B (Ax. 10.)
If it were possible that they could separate at C, let us
suppose that the one takes the direction CD, and the
other the direction CE At the point C, suppose CF
to be drawn perpendicular to AC ; then, because ACD
is by hypothesis a straight line, the angle FCD is a
right angle, (Def. 9.) ; in like manner, because ACE
is supposed a straight line, the angle FCE is a right
angle; therefore, the angles FCD, FCE are equal,

(1.); but this is impossible, (Ax. 9); therefore,
the straight lines which have two common points A, B
cannot separate, but must form one continued line.

Prop. VI. The«r.

Two triangles are equal, when an angle, and the two
sides which contain it in the one are equal to an angle,
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and the two sides which contain

to each.
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it in the other, each Principle.

Let the angle A be equal to the angle D, the side Fig. 3o.

.\B equal to the sideDE, and the sitle AC equal to the

side DF; the triangles ABC, DEF shall be equal.

Suppose the triangle ABC to be placeil upon the

triangle DEF, so that AB may be on DE ; then, be-

cause the angles A and D are ecpial, AC will fall on DF,
and because ABr=DE, and AC=DF, the points B, C
will fall on the points E, F; therefore the base BC will

coincide with the base EF (5.) ; and the triangles will

coincide entirely ; therefore they are equal, (Ax. 8.

)

CoR. Hence it follows, that the bases or thirti sides

BC, EF are equal, and that the remaining angles B, C
of the one, are equal to the remaining angles E, F of

the other, each to each, viz. those to which the equal

sides are opposite.

Prop VII. Theor.

Two triangles are equal, when a side and two adja-

cent angles of the one are equal to a side and two adja-

cent angles of the other, each to each.

Let the side BC be equal to the side EF, the angle Fig. 30.

B equal to the angle E, and the angle C equal to the

angle F ; the triangles shall be equal.

For su))pose the triangle ABC to be placed upon
DEF, so that their equal bases BC, EF may coincide;

then because the angles B, E are equal, the line BA
will fall on ED; and because the angles C, F are equal,

the line CA will fall on FD ; therefore the three sides

of the one triangle will coincide with the three sides of

the other, and the triangles will be equal.

Cor. Hence it appears that the remaining angles

A, D of the triangles are equal, and that the remain-
ing sides AB, AC of the one are equal to the remain-

ing sides DE, DF of the other each to each, viz. those

to which the equal angles are opposite.

Pkop. VIII. Theor.

Any two sides of a triangle are together greater than

the third.

For, in the triangle ABC, the straight line BC is the Fig. 30.

shortest line that can be drawn from B to C, therefore

BC is less than BA
-f. AC.

Prop. IX. Theor.

If from any point O within a triangle ABC, straight Fig. si.

lines OB, OC are drawn to the extremities of the base

BC, their sum is less than the sum of the two sides

AB, AC.

Produce BO until it meet AC in D ; the line OC is

less than OD-|-DC, (8.), and adding to these unequals

BO, wehave BO-I-OC^^BO-J-OD + DC, (Ax. 4.) ;

that is BO+ OC ^ii BD -l- DC.
In like manner, BD.<^ BA -f- AD ; and adding DC,

BD-f-DC^BA-i- AD + DC, that is BD -J- DC ..ii

BA+AC ; but we have found BO+ OC^rilBD + DC;
much more then is BO -J- OC.<:^BA -f AC.

Prop. X. Theor.

If two sides AB, AC of a triangle ABC are equal to Pigs. 2i,

2 c 33, 3 V.
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Principles, two sides DE, DF of another triangle DEF, each to
^—~r~^ each, and if the angle BAG contained by the foi-mer

be greater than the angle EDF contained by the latter;

the base BC of the triangle which has the greater angle,

shall be greater than the base EF of the otlier tri-

angle.

Make the angle CAG = D, take AG = DE or AB,
and join CG ; and because the triangles CAG, DEF
have an angle of the one equal to an angle of the other,

and the sides which contain these angles equal ; CG
shall be equal to EF, (6.) Now there may be three

cases, according as the point G falls without the tri-

angle ABC, or on the side BC, or within the triangle.

Fig. 38. Case 1st, (Fig. 32.) Because GC is less than GI -f-

IC, and AB less than AI
-f-

IB, therefore GC + AB is

less than GI + A[ -f- IC -f- IB, that is, GC + AB ^^
AG -j- BC ; from these unequal sums take away A B,

or its equal AG, and there remains GC^i^BC; but

GC:t:EF, therefore EF ^n BC.

Fig. 33. Case 2d, (Fig. 33.) If the point G fall on BC, it is

evident that GC, or its equal EF, is less than BC.

Fig. 34. Case 3d, (Fig. 34.) Lastly, if the point G fall with-

in the triangle, by Prop. <) we have AG -{- GC .^^
AB + BC ; and taking away AG from one of these mi-
equals, and AB=AG from the other, we have GC .^1.

BC.

Prop. XI. Theoii.

Two triangles are equal when the three sides of the
one are equal to the three sides of the other, each to

each.

Fig. 39. Let the side AB z= DE, AC = DF, and BC = EF,
then shall the angle A z= D, B= E, C=F. For if the
angle A were greater than D ; then as the sides AB,
AC are equal to the sides DE, DF, each to each, it

would follow (10.) that the side BC would be greater
than EF : And if the angle A were less than D, then
BC would be less than EF : but BC is equal to EF,
therefore the angle A can neither be gi-eater nor less

than D ; therefore A= D. In like manner it may be
proved that B=E and that C=F.

Scholium. It appears that in two equal triangles,
the equal angles are opposite to the equal sides, for the
equal angles A and D are opposite to the equal sides
BC, EF.

Prop. XII. Theor.

In an isosceles triangle, the angles opposite to the
equal sides are equal.

Fig- 35. Let the side AB= AC, then shall the angle C = B.
For suppose AD to be drawn from the vertex A to D,
the middle of the base BC : Then the two triangles
ADB, ADC will have the sides of the one equal to the
sides of the other, each to each, viz. AB=AC, BD =CD,
and AD common to both; therefore (1 1.) the angle
ABD shall be equal to the angle ACD.

Con. An equilateral triangle is also equiangular.
Scholium. It appears b)' the demonstration, that

the angles BAD, CAD are equal ; also that the angles
BDA, CDA are equal, and consequently right angles
(Def. 9.) : Therefore a straight line draxKnfrom the ver-
tex of an isosceles triangle to the middle of the base hi
seels the vertical angle, and is perpendicular to the base.

Sole. In a triangle not isosceles, any side is taken

for the base, and the opposite angle is the vertex ; but Ptinciple-s.

in tlie isosceles triangle, the base is the side which is '""'V^'
not equal to the others.

Prop. XIII. Theor.

Conversely, if two angles of a triangle are equal, the
j

opposite sides are equal, and the triangle is isosceles.

^

Let the angle ABC = ACB ; the side AC shall be pig. 36. j

equal to the side AB. t

For if the sides are not equal, let AB be the greater i

of the two. Take BD= AC, and join DC : The angle ,

DBC is by hypothesis equal to ACB, and the two sides
j

DB, BC ara equal to the two sides AC, CB ; therefore 1

(6.) the triangle DBC is equal to ACB : now this is im-
]

possible, (Ax. <)•) for the triangle DBC is only a part '

of the triangle ACB, therefore AB is not unequal to AC,
thatisAB= AC.

Prop. XIV. Theor.

Of two sides of a triangle, that is the greatei' which
is opposite to the greater angle ; and conversely, of two
angles of a triangle, that is the greater which is oppo-
site to the greater side.

1

.

Let the angle ACB be greater than B ; the side pig. 37

AB opposite to the angle C is greater than the side AC
opposite to B. For make BCD=B; then in the tri-

angle BCD, because the angles DCB and B are equal,

wehaveDC=DB (12.); but AC is less than AD-f-DC
(8.), and AD-j-DC= AD

-f-
DB= AB; therefore AB

is greater than AC.
2. Next let the side AB be greater than AC ; the

angle ACB opposite to AB shall be greater than B
which is opposite to AC. For if ACB could be less

than B; then AB would be less than AC, which is con-

trary to the hypothesis of the proposition : And if

ACB could be equal to B, then AB would be equal to

AC, which is also contrary to the hypothesis ; therefore

ACB must be greater than ABC.

Prop. XV. Theoh.

From a point A without a straight line DE, only one Fig. 38.

perpendicular can be drawn to that line.

For suppose it possible to draw two, AB, AC ; pro-

duce one of them, so that BF may be equal to AB, and
joiii FC ; and because AB=BF, and BC is common to

the triangles ABC, FBC, and the angles ABC, FBC are

equal ; the angle ACB is equal to FCB (G.) therefore

AC and CF must form one continued line (3.); and so,

through two points A, F, two straiglit lines AF and

ACF may be drawn, that do not coincide, which is im-

possible : Therefore it is equally impossible that two

l)erpendiculars can be drawn from the same point to
|

the same straight line. '

|

Scholium. Through the same point C, in a straight Fig. ii.\

line AB (Fig 24.), it is impossible to draw two per- !

pendiculars to that line: For if CE and CD could be

both perpendicular to AB ; then F.CB and DCB would

be both right angles, and equal to one another (1.) l

which is absurd (Ax. 9.)

Prop. XVL Theor,

If from a point A without a straight line DE, a per- F'g- •''
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Mnciples. pcnclicular AB be ilrawn to that line ; and difierent

'—V—' oblique lines AE, AC, AD, &c. to different points of

that line.

1st, The perpendicular AB is shorter than any

oblique line.

2d, The two oblique lines AC, AE on opposite sides

of tlie perpendicular, and at equal distances BC, BE,
are equal.

3d, Of any two oblique lines AC, AD, or AE, AD,
that which is farther from the perpendicular is the

greater of the two.

Produce the perpendicular, so that BE = AB, and
join PC, FD.

1. The triangles RCF, BCA are equal (6.), forBF=
BA, and RC is common, and the angles at B are right

angles ; therefore CF = CA. Now AF is less than

AC+CF, (8.) therefore, taking the halves, AB is less

than AC ; that is, the perpendicillar is the shortest line

that can be drawn from A to DE.
2. Ne.vt suppose BE=BC; then the triangles ABE,

ABC will be equal ((7.) ; for they have also BA com-
mon, and the angles ABE, ABC equal, therefore

AE=:AC; that is two oblique lines equally distant

from the perpendicular on opposite sides are equal.

3. In the triangle ADF, the sum of AC and CF is

less than the nun of AD and DF (9.); therefore AC
thehalf of AC+ CF, is less than AD, the halfofAD4-
DF ; that is the oblique line farther from the perpendi-
cular is greater.

Con. 1. The perpendicular from a point on a line

measures its distance from the line.

Con. 2. From the same point no more than two equal
straight lines can be drawn to terminate in that line.

Prop. XVII. Theoh.

Pig. 39. 'f through the point C, the middle of the straight line

AB, a perpendicular be drawn to that line.

1st, Every point in the perpendicular is equally dis-

tant from the extremities of the line AB.
2d, Every point out of the perpendicular, is unequal-

ly distant from the extremities of the line.

1. Because AC=CB, the two oblique lines AD, DB,
which are equally distant from the perpendicular, are
equal (16). The same is also true of the two oblique
lines AE, EB, and of the two oblique lines AF, FB,
&c. Therefore, every point in the perpendicular is

equally distant from the ends of the line.

2. Let I be a point out of the perpendicular. If lA,
IB be joined, one of them will cut the perpendicular in
D ; therefore, drawing DB, we have DB=DA. But
IBisIessthanlD-f DB,and[D-f.DB=lD-f.DA=rIA,
therefore IB is, less than IA ; that is, any point out of
the perpendicular is unequally distant from the extre-
mities A, B.

Prop. XVIII. Thjeoh.

Two right angled triangles are equal, if the hypo-
thenuse and a side of the one be e^ilil to the hypothe-
nuse and a side of the other. ' '

'"• Let the hyp^henuse AC=DF, aiid the side AB=
DE ; the right Angled triangle ABC shall be equal to
the right angled triangle DEF.
The proposition will evidently be true, if it can be

proved that BC=EF (11). Let us suppose, if it be

possible, that these sides arc unequal, and that BC is Principles

the greater. Take BG=EF, and join AG. The tri- ""T""'*'

angles ARG, DEF, having AB=DE, and BG=EF
(by hypothesis), and also having the angle ABCJ equal

to DEF, they will be equal (6) ; therefore AG= DP",

but DF=rAC; therefore A(!=AC;that is, two oblique

lines, one more remote from the perjiendicular than the

other, are equal, which is impossible (16); therefore

BC is not unequal to EF : .and hence the triangle ABC
is equal to the triangle DEF.

PnoH. XIX. Theor.

If two straight lines AC, BD, are perpendicular to a pig. ^j.

third AB, these two lines are parallel ; that is, although
pro<luced ever so far both ways, they will not meet,
(Dcf. 11.)

For if they could meet in a point O, on either side

of AB, then two perpendiculars OA, OB might be
drawn from the same point O, to the same straight

line AB, which is impossible, (15.)

Pnop. XX. TiiEoR.

If two straight lines AC, BD, make with a third AB Fig. it.

two interior angles CAB, ABD, the sum of which is

equal to two right angles, these two straight lines are

parallel.

From G, the middle ofAB, draw EGF perpendicular

to AC; then, because the sum ABD-f- ABF is equal to

two right angles (2.), and by hypothesis the sumABD -|.

BAC is equal to two right angles, therefore ABD -j-

ABF = ABD -f.
BAC; and taking away the common

angle ABD, there remains ABF = BAC ; that is GBF
= GAE. Besides, the angles BGF, AGE are eq^ual

(4.), and BG == GA ; wherefore the triangles BGF",
AGE have a side and two adjacent angles of the one
equal to a side and two adjacent angles of the other j

they are therefore equal (7), and the angle BEG -:r

AEG ; but AEG is by construction a right angle

;

therefore BEG is a right angle ; and since GEC is a right

angle, the straight lines EC, FD are perpendicular to

EF, and are therefore parallel to one another. ( 19.)

Con. 1. If two straight lines AC, BD make with a pjg 43.
third HK the alternate angles AHK, HKD equal, the
two lines are. parallel. For then, adding KHC, we
have AHK + KHC r HKD

-f-
KHC ; but the former

sum is equal to two right iingles (2.), therefore the
latter is equal to two right angles ; and consequently
AC is parallel to BD.

CoH. 2. If two straight lines AC, BD are cut by a
third EG, so as to make the exterior angle FHC equal

to the interior and opposite angle HKD on the same
side ; the two lines are parallel : For since FHC=:AHK
(4), then we have AHK = HKD ; that is, the alter-

nate angles equal, therefpre AC is parallel to BD.

Pkop. X^CI. Theor.

If a straight line EF meet two parallel straight lines Fig. it.

AC, BD, the sum of the inward angles CEF, EFD on
the same side, will be equal to two right angles.

For if not, suppose EG to be drawn through E, so

that the sum of GEF and EFD may be two right an-
gles; then EG will be parallel to BD (20.) ; and thus

through the same point £ two straight lines EG, EC
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Principles are drawn, each parallel to BD, which is impossible,
""^~»^^ (Ax. 11.); therefore no straight line that does not co-

incide with AC is parallel to BD, therefore the straight

line AC is parallel to BD.
Coil. 1. If a straiglit line is perpendicular to one of

"two parallel straight lines, it is also perpendicular to the

other.

Pig. 43. Cor. 2. (Fig. 4.3.) If a straight line HK meet two
parallel straiglit lines AC, BD, the alternate angles

AHK, HKD shall be equ.al.

For the sum CHK-J. HKD is equal to two right an-

gles; and the sum CHK-f.AHK is also equal to two
right angles (2 ), therefore the angle HKD must be

equal to AHK.
CoR. 3. (Fig. 43.) If a straight line FG cut two pa-

rallel straight lines AC, BD, the exterior angle FHC
is equal to the interior and opposite angles HKD.

For since FHC = AHK (4.), and AHK = HKD;
» therefore FHC = HKD.

Fig. *. Scholium. If a straight line EF meet two other

straight lines EG, FD, and make the two interior an-

gles EFD, FEG on the same side less than two right

angles, the lines EG, FD meet, if produced, on the

side of EF, on which the angles are less than two right

angles. For if they do not meet on that side, they are

either parallel, or else they meet on the other side.

Now they cannot be parallel, for then the two interior

angles would be equal to two right angles, instead of

being less. Again, to shew that they cannot meet on
the other side, suppose EA to be parallel to DFB ; then

because the sum EFD -f- FEG is (by hypothesis) less

than two right angles, that is, less than FEK -}- FEG
(2.) ; and EFD = FEA (Cor. 2. of this Prop.) ; there-

fore the sum FEA + FEG is less than FEK -|- FEG

;

and, taking FEG from both, FEA is less than FEK ;

hence FB and EK must be on opposite sides of EA,
and therefore can never meet.

The truth of this proposition is assumed as an axiom
in the Elements of Euclid, and made the foundation of
the theory of parallel lines.

Prop. XXII. Theoh.

Fig. 45, Two straight lines AB, CD, parallel to a third EF,
are parallel to one another.

Draw the straight line PQR perpendicular to EF.
Because AB is parallel to EF, the line PR shall be per-
pendicular to AB (1. Cor. 21.) And because CD is pa-
rallel to EF, the line PR is also perpendicular to CD ;

therefore AB and CD are perpendicular to the same
straight line PQ ; hence they are parallel. (19.)

Prop. XXIII. Theor.

Two parallel straight lines are every where equally
distant.

Fig. 4«. Let AB, CD be two parallel straight lines. From
any points E and F in one of them, suppose perpendi-
culars EG, FH to be drawn ; these, when produced, will
meet the others at right angles in H and G ( 1 . Cor. 21.):
Join FG ; then, because FH and EG are both per-
pendicular to AB, they are parallel, (19.); therefore
the alternate angles HFG, FGE which they make with
FG, are equal, (2. Cor. 21.) : And because AB is paral-
lel to CD, the alternate angles GFE, FGH are also
equal ; therefore the triangles GEF, FHG have two an-

Priiid{il|g|gles of the one equal to two angles of the other, each 'Prind]

to each ; and the side FG adjacent to the equal angles

common ; the triangles are therefore equal, ( 7. ) ; and
FH is equal to EG, that is, any two points F, E, on one

of the lines, are equally distant from the other line.

Prop. XXIV. Theob.

In any triangle, if one of the sides be produced, the

exterior angle is equal to both the interior and opposite

angles ; and the three interior angles are equal to two
right angles.

Let ABC be a triangle ; produce any one of its sides, pig 17.

AC towards D, and from the point A, let AE be drawn
parallel to BC : And because of the parallels CB,
AE, the angle EAD = C, and the angle EAB = B,

(Cor. 2. and's. of Prop. 21.); therefore EAD + EAB =
C + B ; that is, BAD = B

-f- C : Hence the outward
angle is equal to the two inward and opposite an-

gles.

Again, beoause BAD =: B -)- C, to each add BAC,
and we have BAD + BAC = B -f- C -f- BAC, that is,

equal to the sum of the three angles of the triangle

;

but the sum BAD -|- CAB is equal to two right angles

( 2. ) ; therefore the sum of the tliree angles of the tri-

angle ABC is equal to two right angles.

CoR. 1. If two angles of one triangle are equal to

two angles of another triangle, each to each, the third

angle of the one shall be equal to the third angle of the

other, and the triangles shall be equiangular.

CoR. 2. A triangle can have only one right angle.

CoR. 3. In any right angled triangle, the sum of the

two acute angles is equal to a right angle.

Cor. 4. In an equilateral triangle, each of the angles

is one-third of two right angles, or two-thirds of one

right angle.

Prop. XXV. Thkor.

The sum of all the interior angles of a polygon is

equal to twice as many right angles, wanting four, as

the polygon has sides.

Let ABCDE, &c. be a polygon ; if from the vertex of Fig.

any one of its angles A, diagonals AC, AD, AE, &c.

be drawn to the vertices of all the other angles, it is

evident that the polygon will be divided into five tri-

angles if it have seven sides ; and into six triangles if

it have eight sides ; and, in general, the number of tri-

angles will be two less than the number of sides. It is

also evident, that the sum of all the angles of these tri-

angles make up all the angles of the polygon ; now, all

the angles of each triangle are together equal to two
right angles ; therefore all the angles of the triangles,

that is all the angles of the polygon, will be equal to

two right angles taken as often, except two, as the fi-

gure has sides, and consequently all the angles of the

polygon will be equal to twice as many right angles

wanting four as the figure has sides.

Cor. The sum of the angles of a quadrilateral will

be four right angles.

Scholium. The proposition will only apply to such

polygons as have their angles salient, that is when the

straight line that joins any two adjacent angles falls

within the polygon. When some of the angles are

re-entrant, the proposition must have a different

form.

*»- I)
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Prop. XXVI. Theor.

The opposite sides of a parallelogram ure equal, as

well as the opposite angles.

Draw the diiigonal BD. The triangles ADB, DBC
have the common side DB; also becjiuse of the paral-

lels AU. CD, the angle ABD = CDB, (2 Cor. 21.) and
because ofthe parallels AD, BC, the angleADB= DliC;
therefore the triangles are equal, (7.) ; and the sides

AB, DC, wliich nre opposite the equal angles, are equal.

In like manner AD and BC are equal ; therefore the

opposite sides of a parallelogram are equal.

Again, from the equality of the triangles, it follows

that the angle at A is equal to the angle at C ; and it

has been shewn, that the angles ADB, BDC are re-

spectively equal to the angles CBD, DBA ; therefore

tlie whole angle ADC is equal to the whole angle
ABC ; thus the opposite angles are equal.

Cou. Two parallels AB, CD comprehended between
two otlier parallels AD, BC are equal.

Prop. XXVII. Theor.

If in a quadrilateral ABCD, the opposite sides are

equal, so that AB=CD, and AD=:BC ; the sides are

parallel, and the figure is a parallelogram.

For, drawing the diagonal DB, the triangles ABD,
BDC have the three sides equal, each to each ; there-

fore the angle ADB, opposite to the side AB, is equal
to the angle CBD, opposite to the side CD, (11.);
hence the side AD is parallel to BC, (1. Cor. 20. ) For a
like reason AB is parallel to CD; therefore the qua-
drilateral ABCD is a parallelogram.

Prop. XXVIII. Theor.

If two opposite sides AB, CD of a quadrilateral are
equal and parallel ; the other two sides are equal and
parallel, and the figure ABCD is a parallelogram.

For, having drawn the diagonal BD, since AB is pa-
rallel to CD, the angle ABDrrBDC (2. Cor. 21.); be-
sides the side AB=DC, and the side DB is common;
therefore the triangle ABD is equal to the triangle DBC,
(6.); therefore the side AD=BC, the angle ADB=
DBC ; and consequently AD is parallel to BC; there-
fore the figure ABCD is a parallelogram.

passes through the centre, and is termin.ited both ways Of the

by tile circumference, is called a diameter. Circle,

CoK. All the radii are equal; also the duimeters are
^^^'"^

all equal, and each is double of the radius.

3. An arc of a circle is any portion of the circumfe-
rence, as FHG.
The chord or subtense of an arc is the straight line

FG which joins its extremities.

4. A xegmenl is the space comprehended between an
arc and its chord.

Note. The same chord FG corresponds to two area
FHG, FKG, also to two segments ; but it is always
the least of the two that is meant, unless otherwise ex-
pressed.

5. A sector is a part of a circle comprehended by an.

arc DE, and the two radii CD, CE drawn to its extre-
mities.

6. A straight line is said to he placed in a circle, when
its extremities are in the circumference, as FG.

7. Ah angle is said to be in a segment of a circle,

when its vertex is on the arc of the segment, and the
lines which contain it terminate in the extremities of
the chord.

8. A rectilineal figure is said to be in/icriied in a circle,

when all its angles are on the circumference of the
circle. The circle is then said to be described about the
figure.

g. A straight line is said to touch a circle, and is call-

ed a tangent, when it meets the circumference, and
being produced does not cut it ; as the line IKL. The
point K in which the straight line meets the circle is

called the point of contact.

10. Two circumferences of circles are said to touch
each other, when they meet in one point only.

11. A rectilineal figure is said to circumscribe a
circle, when all its sides are tangents to the circumfe-
rence ; the circle is then said to be inscribed in the
figure.

Phop. I. Theor.

Any diameter AB of a circle, divides the circumfe- Pig. &\.

rence into two equal parts.

For if the figure AEB be applied upon AFB, so that
they may coincide in their common base AB ; it is ma-
nifest that they must entirely coincide ; for were it

otherwise, some parts of the circunvference would be
farther from the centre than others, contrary to the de-
finition of a circle. (Def. 1. Sect. 2.)

SECT. II.

Or A Circle.

Definitions.

1. The circumference of a circle is a curve line, every
point of which Is equally distant from a certain point
within it called the centre. The circle is the space
bounded by that curve hne.

Note. Sometimes the circumference of a circle is call-
ed the circle ; but it is easy to avoid ambiguity, by re-
collecting that the circumference is a line, and the circle
a space.

2. Every straight line, CA, CE, GD, &c. drawn from
the centre to the circumference, is called a radius or
semidiameter ; and every straight line, as AB, which

Prop. II. Theor.

Every chord is shorter than the diameter.

For if the radii AC, CD be drawn to the extremities Pig. 41.

of the chord AD, then AD will be less than AC-f-CD
(8. 1.) that is less than the diameter.

Prop. III. Theor.

A straight line cannot cut a circle in more than two
points.

For if it could cut it in three, these would be all

equally distant from the centre ; and so three equal
straight lines might be drawn from the same point to

terminate in the same straight line, which is impossi-

ble, (16. 1.)
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Kig. i2.

Fig. 48.

Fig. 53.

Prop. IV. Theor.

In tlie same circle, or in equal circles, equal arcs .ire

subtended by equal chords; and conversely, equal

chords subtend equal arcs.

If the radii AC, EO are equal, and the arc AMD is

equal to the arc ENG ; the chord AD shall be equal to

the chord EG. For the semicircle AMDB may evident-

ly be .ipplied exactly upon the semicircle ENGF ; and

then the curve line AMDB will coincide entirely with

the curve ENGF ; but we suppose the arc AMD =
arc ENG ; therefore the point D will fall on G, and

the chord AD on the chord EG.
Conversely, if the chord AD be equal to the chord

EG, then the arc AMD = arc ENG. For, drawing

the radii CD, OG ; the triangles ACD, EOG have

AC = EO, CD = OG, AD = EG ; therefore they are

equal, (11. 1.); and the angle ACD = EOG ; conse-

quently, if the semicircle ADB be placed on the equal

semicircle EGF ; so that AC may coincide with EO ;

the point D will manifestly fallen G, and the arcAMD
will be equal to ENG.

Prop. V. Theor.

In the same, or in equal circles, a greater arc is sub-

tended by a greater chord, and conversely ;
provided

that the arcs are each less than a semicircumference.

Let the arc AH be greater than the arc AD, and let

the chords AD, AH, and the radii CD, CH be drawn.
The two sides AC, CH of the triangle ACH are equal

to the two sides AC, CD of the triangle ACD ; and the

angle ACH is greater than the angle ACD; therefore

AH ^::^ Ad (10. I.) Thus it appears, that the chord
that subtends tlie greater arc is the greater.

Conversely, if the chord AH is supposed greater than
.VD, it may be inferred from the same triangles, that

the angle ACH is greater than the angle ACD, and
therefore that the arc AH is greater than AD.

Scholium. If the arcs, instead of being less, were
greater than a semicircumference, the opposite property
would hold true ; that is, the greater the arc, the smaller
the chord.

Prop. VI. Theor.

The radius CG, which is perpendicular to a chord
AB, bisects the chord, and the arc it subtends ; that is,

divides each into two equal parts.

Draw the radii CA, CB ; these, with respect to the

.
perpendicular CD, aretworqu.nl oblique lines ; there-

' fore thev meet AB .at equal distances from the perpen-
dicuLir (16. 1 ) ; th.it is, AD = DB.

Next, if AD = DB ; then, because CG is a perpen-
dicular to AB, every point in CG is equally distant
from A and B (17. J.); therefore, if AG and BG be
drawn, the chord AG = chord BG ; hence the arc
AG = arc BG (4.)

Scholium. From this proposition, it appears that the
centre C, the middle D of the cliord, and the middle
G of the_arc, are three points situated in a straight line
perpendicular to the chord. Now, two points are suf-
ficient to fix the position of a straight line. Therefore,
any strai^t litie which passes through two of these

points will necessarily pass through the third, and be Ofjj

perpendicular to the chord. Ciil

Hence it also follows, that the perpendicular to the ^"Hd!

middle of a chord passes through the centre and the mid-

dle oj'the arc subtended by the chord.

Prop. VII. Theor.

One circle, and only one, can be described through pj„ j|
three given points A, B, C, which are not in a straight

°"

j

line.

Join AB, BC,and divide these lines each into two equal

parts by the perpendiculars DE, FG. Now, if ABC,
or DBF, be a right angle ; then, if the points D, F be

joined, DBF will be a right angled triangle, and there-

fore each of the angles BFD, BDF will be less than a

right angle (2. Cor 24. 1.) ; and consequently, each of

the angles FDE, DFG will be less than a right angle,

and their sum will be less than two right angles : hence
DE, FG will meet, if produced in a point O (Schol.

21. 1.) But if DBF is not a right angle, the two lines

GF, AB will make with BE two angles on one side,

which will be less than two right angles ; therefore those

lines will meet in a point K ; and as BFK is a right

angle, BKF will be less than a right angle (2. Cor. 2i.

1.); therefore EDK and GKD will be together less

than two right angles, and consequently will meet at a

point O, as in the other case. Now this point O, con-

sideretl as in the perpendicular DE, will be equally dis-

tant from A and B (17. 1.) ; and considered as in the

perpendicular FG, it w^ill be equally distant from C and
B : therefore it will be equally distant from A, I?, ,ind

C, and these three points will be in the circumference

of a circle, of which O is the centre.

Again, every circle that passes through A and B niust

have its centre in DE ; and every circle that passes

through C and B must have its centre in FG ( Schol. 6.) ;

but these two lines can only have one common point

;

therefore only one circle can pass through the points A,

B, C.

Cor. Two circles cannot cut each other in more than

two points; for, if they could have three common
points, they would have the same centre, and would
coincide.

Prop. VIII. Theob.

Two equal chords are equally distant from the cen-

tre ; and of two unequal chords, the shortest is farthest

from the centre.

1. Let the chord AB=DE ; suppose them divided

into two equal parts by the perpendiculars CF, CG from

the centre ; and draw the radii CA, CD. The right

angled triangles CAF, CDG have eqiiiil hypothenuses

CA. CD ; also AF, the half of AB, equal to DC, the

half of DE; therefore the triangles are equal (18. 1.),

andCF=CG; therefore AB, DE are equally distant

from the centre.

2. Next let the chord AH be greater than the chord

DE, so that tlie arc AKH is greater than the arc DME.
In AKH take AKB equ.nl to DME; draw the cliord

AB, and CF a perpendicular from the centre upon ,\B,

meeting AH in O ; and CI a perpendicular upon AH.
It is evident that C;F is greater than CO, and CO great-

er than CI (1(). 1.); much more then is CF'^P'CI:
But CF=CG, since the chords AB, DE are equals

I
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therefore CG Z^ CI ; therefore of two unenual chords,

the smaller is the farthest of the two from the centre.

Prop. IX. Theor.

A straight line BD, drawn perpendicular to the ex-

tremity of a radius CA, is a tangent to the circumfer-

ence.

For every oblique line CE is longer than the peqien-

dicular CA (Ifi. 1.): therefore the point E must be

without the circle ; and as tliis holds true of every point

in the line BD, except the point A, tlie line BD is a

tangent (9- Def

)

ScHoi-ioM. Onljf one tangent AD can be drawn from

a point A in the circumference. For if it were possi-

ble to draw another tangent, as AG, then as CA would

not be jierpendicular to AG, another line CF would be

perpendicular to AG ; and so, CF would be less than

CA (16. I.); therefore F would fall within the cir-

cle, and AF, if produced, would cut the circumference.

Prop. X. Theor.

Two parallel chords AB, BE in a circle intercept

equal arcs AD, BE.

Draw the radius CH perpendicular to AB ; it will

also be perpendicular to DE (1. Cor. 21. 1.) There-

fore H will be at the same time the middle of the arcs

AHB and DHE : Hence we have DH=HE and AH=
IIB; and therefore DA=BE.

PftoF. XI. Theoh.

If two circumferences cut each other, the straight

line which passes through their centres shall be per-

pendicular to the chord which joins the points of inter-

section, and shall divide it into two equid parts.

For the line AB, which joins the point of intersec-

tion, being a common chord of the two circles; if,

through the middle of this chord, a perpendicular be
drawn, it will pass through C and D, the centres of

both the circles. But only one line can be drawn through

two given points ; therefore the straight line which
passes through the centres is a perpendicular at the mid-
dle of the common chord.

Prop. XII. Theor.

If the distance of the centres be less than the sum of

their radii ; and if, at the same time, the greater radius

is less than the sum of the lesser and the distance of the

centres, the two circles will cut each other.

For that the circles may intersect each other, the tri-

angle CAD must be possible ; therefore, it is necessa-

ry not only that CD be less than AC-f-AD, but also

that the greater radius AD be less than AC -f CD (8. J).

Now it is evident, that when the triangle CAD can be
constructed, the circles described on C and D as centres
will intersect on A and B.

Prop. XIII. Theor,

If the distance CD of the centres of two circles be
equal to the sum of their radii CA, AD, the two cir-

cles touch each other externally.

Ofthe
Circle.

It is evident that they will have a common point A,
but they cannot have another common point ; for if they
had two common points, (as in Fig. .'58.) it would be "^

necessary that the distance of thtir centres should be
less than the sum of their radii.

Prop. XIV. Theor.

If the distance of the centres be equal to the diffc- Pig. 61.

rence of the radii CA, AD, the two circles will touch
each other internally.

In the first place, it is evident that they have a com-
mon point A, and they cannot have another ; for, that
this might be possible, it would be necessary that the
greater radius AD should be less than the sum of the
lesser and the distance of the centres C, D, which is

inconsistent with the hypothesis.

Cor. Therefore, if two circles touch each other, ei-

ther externally or internally, their centres and the point
of contact are in tlie same straight line.

Prop. XV. Theor.

In the same circle, or in equal circles, equal angles Kig. wt.

ACB, DCE at the centre, intercept equal arcs AB, DE
on the circumference; and conversely, if the arcsAB,DE
be equal, the angles ACB, DCE are also equal.

1. If the angle ACB=DCE, these two angles may
be placed on each other, and as their sides are equal,
the point A will fall on D, and the point B on E ; but
then the arc AB must also fall on the arc DE; for if

the two arcs did not coincide, there would be in the one
or the other points unequally distant from the centre,
which is impossible: therefore the arc AB=DE.

2. Next if the arc ABrzDE, the angle ACB shall be
equal to DCE ; for if they are not equal, let ACB be the
greater. Take AC]= DCE, then by what has been
demonstrated AI= DE; but by hypothesis, the arc
AB=DE; therefore the arc AI=AB, which is im-
possible; wherefore the angle ACB=:DCE.

Prop. XVI. Theor.

An angle ACB at the centre of a circle, is double of pjg, 53
the angle ADB at the circumference, upon the same 6i.

'

arc AB.

Draw DC, producing it to E. First, let the angle at Fig. 63.

the centre be within the angle at the circumference,
(Fig. 63,) then the angle ACE=CAD-|-CDA, (2+. 1);
but because CA=CD, the angle CAD=CDA, ( 12. 1,)
therefore the angle. ACE=2 CDA. For the same rea-
son, the angle BCF.j=2 CDB : Therefore, the whole an-
gle ACB is double the whole angle ADB.

Next, let the angle at the centre be wiUiout the angle '• ig- 64,

at the circumference, (Fig. (il). It may be demonstra-
ted as in the first case, that the angle ECB=2 EDB

;

and that the angle ECA a part of the first, is equal to
2 EDA a part of the second ; therefore the remainder
ACB is double the remainder ADB.

Prop. XVII. Theor.

The angles ADB, AEB, in the same segment AEB Figs. 65,
of a circle, are equal to one another. 66.

Let C be the centre of the circle, and first let the seg-
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Fig. 65.

Fig. 66.

Fig. 67.

Tig. 68.

Kg. 6».

mont ARB be greater than a semicircle, (Fig. 6r)).

Draw CA, CB to the ends of the base of the segment,

then ench of the angles ADB, AEB will be half of the

angTe ACB, (l6.) ; therefore the angles ADB, AEB
are equal.

Next, let the segment AEB be less than a semicircle ;

draw the diameter DCF, and join EF ; and because the

segment ADEF is greater than a semicirele by the first

case, the angle ADF=AEF. In like manner, because

the segment BEDF is greater than a semicircle, the an-

gle BDF is equal to the angle BEF; therefore the

whole angle ADB is equal to the whole angle AEB.

Prop. XVIII. Theor.

The opposite angles of any quadrilateral ABCD in-

«cribedin a circle, are together equal to two right an-

gles.

Draw the diagonals AC, BD. In the segment ABCD,
the angle .ABD=ACD; and in the segment CBAD,
the angle CBD=C.AD, (17.) ; therefore the whole an-

gle ABC is equal to the sum ACD+CAD ; and add-

ing ADC, we get the sum ABC-|-ADC equal to

the sum ACD -}- CAD + ADC ; now these three

angles are the angles of the triangle ADC, and

tlierefore equal to two right angles, (2 k 1.) : There-

fore the sum of the angles ABC, ADC is equal to two
right angles. In like manner it may be demonstrated,

4;hat the sum of the angles BAD, BCD is equal to two
right angles.

Pnop. XIX. TiiEon.

An angle ABD in a semicircle is a right angle ; an
angle BAD in a segment greater than a semicircle, is

less than a right angle; and an angle BED in a seg-

ment less than a semicircle, is greater than a right an-

gle.

Produce AB to F, and draw BC to the centre ; and
because CA= CB, the angle CBA=CAB, (12. 1.), in

like manner, because CDnCB, the angle CBD=CDB,
therefore the sum CBA-J-CBDzrCAB-f-CDB ; that is,

ABD=CAB-|-CDB ; but this last sum is equal to the

angle DBF, (2+. 1.) therefore the angle ABD=DBF.
Hence each is a right angle, (9. def 1.) ; therefore the
angle ABD in a semicircle is a right angle.

And because in the triangle ABD the angle ABD is

a right angle ; therefore BAD, which is manifestly in

a segment less than a semicircle, is less than a right

angle, (2. Cor. 24. 1 ). Again, because ABED is a qua-
drilateral in a circle, we have A -|-E= two right an-
gles, ( 18.) ; but A is less than a right angle ; therefore

E, which is in a segment greater than a semicircle, is

greater than a right angle.

Prop. XX. Theor.

The angle BAE, contained by a tangent AE to a cir-

cle, and a chord AB <lrawn from the point of contact,
is equal to the angle AGB in the alternate segment.

Let the diameter ACF be drawn, and CF be joined ;

and because EGA and FAE are right angles, (I9 and
9.), and of these, FOB apart of the one, is equal FAB
a part ofthe other, (17.). The remainders BAE, BGA
are equal.

rrobProblems relating to the two First Sec/ions.

Geometrical problems, like geometrical theorems,

may be multiplied without end. They are divided into

classes, according to the nature of the lines employed
in their solution. The most simple, called Plane Pro- '

blems, require only straight lines, and circles, and they
may be all ultimately reduced to three.

1

.

To draw a straight line from one given point to

another given point.

2. To prolong a straight line.

3. To describe a circle on any point as a centre, with
any given radius

These are resolved by the mechanical contrivances of
a ruler and compasses, which are commonly known ;

and they belong rather to mechanics than to geometry,
which does not teach how to resolve them, but takes

for granted that the manner of solving them is known.
This assumption is formally made in the postulates, (be-

ginning of Sect. I.)

The elements of geometry treat only of the more
simple plane problems, to which the complex may be
reduced. Some of these are now to be considered.

Problem I.

From the greater CD of two unequal lines AB, CD, Fig.

to cut off a part equal to the less.

From C as a centre, with a radius equal to AB, let

the circumference of a circle be described cutting CD
in Ej (3d Postulate), and the thing is done.

j

Prob. II.

At a given point A to draw a line equal to a given Fig

line CD.

Draw the indefinite line AF (Post. 1. and 2.); from 1

which cut off AB=CD, (Prob. 1.)

Prob. III.

To bisect a given straight line AB, that is to divide

it into two equal parts.

On A and B as centres, with any radius greater than
the half of AB, describe two arcs of circles to meet in

D, (Post. 3. and Prop. 12.), this point will be equally
distant from A and B. In like manner, find another
point E, either on the same or on the other side of the

line, which may be equally distant from A and B.

Through D and E draw a straight line to meet AB in

C ; the point C will be the middle of AB.
For the points D and E are in a straight line, per-

pendicular to the middle of AB (17. 1.) ; therefore the
line DCE is that perpendicular, and C is the middle of

the line.

Prob. IV.

To draw a pei-pendicular to a given line BC from a 1

given point A in that line.

Take the points B and C at equal distances from A

;

and on B and C as centres, with a radius greater than
BA, describe arcs to meet in D. Draw AD, which
will be tlie perpendicular required.

4^

1
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For D being equally ilistant fiom B and C, it must

be in a line pcrpenilicular to the middle of liC. There-
lore A D is the perpendicular required.

Prob. V.

To draw a perpendicular to a given line BD from a
given jjoint A without that line.

On A as a centre, with a sufficiently great radius,

di'scrihe an arc to cut the line in B andD. Find next
a point E e<]ually distant from A and V>: join AE, meet-
ing Bl> in C, and AC will be the perpendicular re-
<|uired.

l"or the two points A, E are each equally distant
from B and D ; therefore AE is perpendicular to BD.

Prob. VI.

At a given point A in a given line AB to make an
angle equal to a given angle K.

On K .IS a centre, with any radius, describe an arc
IL, to terminate in the sides of the angle. On A
as a centre, with the same radius, describe an indefi-

nite arc BO. On B as a centre with a radius equal to
the chord of the arc LI, describe an arc to cut the arc
BO in D; draw AD, and the angle DAB shall be
equal to the given anfjle K.

For IL, BD are equal rhords in equal circles, there-
fore the arc IL= arc BD {4-.), and the angle K =
angle A, (15.)

Prob. VII.

To divide a given angle, or an arc, into two equal
parts.

N 1. If it is an arc AB whose centre is C, wliich is to
be divided, on A and B as centres, with the same ra-
dius describe arcs to meet in D ; through C and D draw
a straight line CD, which will bisect the arc AB at the
point E.

For C and D are each at the same distance from the
extremities of the chord AB ; therefore CD is j^erpen-
dicular at the middle of the chord (17. 1.), and conse-
quently must bisect the arc AEB, (Schol. 6'.)

2. If the angleACB is to be bisected; in the first place,
an arc AEB is to be described on C tlie vertex of the
angle as a centre ; then a point D must be foimd equal-
ly distant from A and B as before, and a line drawn
from C through D will bisect the angle.

For if tlie chord AB be drawn, CD will be perpen.
dicular at the middle of AB ; therefore CD bisects the
arc AB (6.), and consequently bisects the angle ACB,
(15.)

b >

Proh. VIII.

Through a given point A, to draw a straight line
parallel to a given line BC.

On A as a centre, with a radius sufficiently great,
describe an indefinite arc EO ; on E as a centre, with
the same radius, describe an aic AF ; also on E as a
centre with the chord of the arc AF as a radius, de-
scribe an arc to meet EO in D ; draw a lin^' from A
through D, and AD will be the parallel required.

VOL. X. PART I.

For AF and DE arc manifestly equal arcs of equal Ptoiitm*.

circles ; therefore the angles BEA, DAI-) are erjual ;
^""^(""^

and hence BC is parallel to AD, (Cor. 1. 20. 1.)

Prob. IX.

To describe a triangle, the eides of which shall be Kg- T«.

equal to three given straight lines A, B, C.

Draw a straight line DE equal to one of the lines'A ;

on E .IS a centre, with a radius equal to another of the
lines B, describe an arc ; on D as a centre, with a ra-
dius etjual to the remaininjr line C, describe another
arc, cutting the former in F ; draw DF, EF; and DEF
shall be the triangle required, as is sufficiently evident.

Scholium. The problem is only possible when the
sum of any two of the given lines is greater than tlie

third, (8. 1.)

PnoD. X.

To construct a parallelogram, the adjacent sides of F'g- '»-

which may be equal to two given lines A, B, and the
angle which they contain equal to a given angle C.

Draw a straight line DE=A ; at the point D, make
an angle FDE = C, and take DF = B ; describe two
arcs, one on F as a centre, with DE or A as a radius,
and the other on E as a centre with B as a radius. From
the point G, where these arcs cut each other, draw GF,
GE, and DEGF will be the parallelogram required.
For by the construction, the opposite sides are equal;

therefore the figure is a parallelogram, (27. 1.)
CoR. If the given angle were a right angle, the figure

would be a rectangle ; and if the sides were equal, the
figure would be a square.

Prod. XI.

To find tlie centre of a circle, or of a given arc.

Take any three points A, B, C in the circumference Kig. 80.

of the circle, or in the arc ; join them by the lines AB,
BC, (or suppose these lines drawn), and bisect AB, BC
by the perpendiculars DE, FG (Prob. 8.); the point
O where these lines meet each other shall be the centre
sought, as is evident from Prop. 7.

Scholium. By this construction, a circle may be de-
scribed through three given points ; or may be describ-
ed about a given triangle ABC.

PnoB. XII.

Through a given point A, to draw a tangent to a Figs. 81,88-
given circle.

If the given point A is in the circumference (Fig.81.), pig. 81.
draw the radius CA, and draw AD perpendicular to
CA ; and DA shall be the tangent required, (<}. 2.)

If the point A is without the circle, (Fig. 82.), draw Fig. 82.

AC to tlie centre, bisect AC in O ; and on O as a
centre, with OC as a radius, describe a circle which
may cut the given circle in B; draw AB, and AB shall
be the tangent required

For join CB, and the angle ABC in a semicircle will

be a right angle (19.) ; therefore AB, a periicndiciilar
to the radius at its extremity B, is a tangent to the
curcle, (9.)

2d
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Problems. ScHOLiuM. When the point A is without the circle,

"^V""^ there may be two equal tangents AB, AD drawn,

•which shall pass through the point A. For the right

angled triangles ABC, ADC have a common hypo-

thenuse AC, and a side BC equal a side CD; therefore

AB = AD, (18.1.)

Prob. XIII.

Fig. 83. To inscribe a circle in a given triangle ABC.

Bisect the angles A and B, (Prob. 7-) by the straight

lines AO, BO, which will meet at a point O, because

the angles CBA and BAC are less than two right

angles ; and therefore OAB and OBA are also less than

two right angles, (Schol. 21. 1.) Draw OD, OE, OF,
perpendicular to the sides of the triangle : And because

the triangles OAD, OAF have the angle OAD= OAF,
and the angle 0£)A = OFA ; the remaining angle

AOD shall be equal to the remaining angle AOF,
(1 Cor. 24. 1.) Besides the side AO, adjacent to the

equal angles, is common to both ; therefore the triangles

are equal, (7. 1.) and OD=OF : In like manner it may
be demonstrated, that the triangles BOD and BOE are

equal, and therefore OD—OE ; therefore the three lines

OD, OE, OF are equal ; and a circle described on O
as a centre, with any one of them as a radius, will pass

through the extremities of the other two ; and because

the angles at D, E, F are right angles, the circle will

touch tile sides of the triangle (9.), and be inscribed

in it.

Prob. XIV.

Upon a given straight line AB, to describe a seg-

Fjg. 84. ment of a circle that may contain an angle equal to a
given angle C.

Produce AB towards D, and at the point B make the

angle DBE=C ; draw BO perpendicular to BE, and
GO a perpendicular upon the middle of AB. On the
point of concourse O as a centre, with the radius OB,
describe a circle which will evidently pass through A ;

the segment required shall be AMB. For since BE is

perpendicular to the extremity of the radius OB, BE is

a tangent ; therefore the angle EBD, which is equal to

C by construction, is equal to any angle AMB in the
alternate segment.

Scholium. If the given angle were a right angle,
the segment sought would be a semicircle described on
the diameter AB.

SECT. III.

Op Proportion.

•f propor- T"^ theory of proportion treats of the ratios of quan-
rioh. titles ; that is, the relations they have to each other in

respect of magnitude. As it applies alike to quantities
of every kind, we have explained it in our article Al-
gebra, Sect. III.; and some foreign writers on geome-
try, particularly Legendre, even regard this subject as
altogether an arithmetical or algebraical theory. In
this country it has been usual to introduce it into geo-
metry, just before its application is wanted ; although
perhaps it might with propriety be inserted, rather as
a preliminary theory, than as forming a part of geome-
try. However, in compliance with custom, we shall
treat it, (but somewhat differently,) also in this place.

Definitions.

1. When one quantity contains another, a certain

number of times exactly, the former is called a multiple

of the latter ; and the latter is said to be a part of the

former.

2. When several magnitudes are multiples of as many
others, and each contains its part the same number of
times, the former are called cquimithiples of the latter,

and tlie latter li/,e parts of the fonner.

3. If there be four quantities, which we shall call A,
B, C and D, and if A contain some part of B, exactly as

ol'ten as C contains a like part of D, then A is said to

have to B the same rutin that C has to D ; or the ratio of
A to B is said to be equal to the ratio of C to D.

Cor. Hence if A contain B exactly as often as C con-
tains D, then the ratio of A to B is equal to the ratio of
CtoD.

Note. Each pair of quantities is supposed to be of
the same kind as both lines or both surfaces, &c. butA
and B may be of one kind, and C and D of any other
kind.

i. Each set of quantities compared, as A and B, is

called the terms of the ratio ; the first is called the ante-

cedent, and the second the consequent.

.5. The terms of two equal ratios are called propoT'

tionals.

To indicate that the ratio ofA to B is equal to the ra-

tio of C to D, they are usually written thus ; A : B : :

C : D ; and sometimes thus, A : B=:C : D ; also thus

A C
^5"=-=- ; each expression is read thus ; A is io'R as C
B D
to D, and is called a proportion.

6. Of four proportional quantities, the last term is

called a Jiiurth proportional to the other three taken

in order

7. When there is any number of quantities greater

than two, of which the first has to the second the same
ratio which the second has to the third, and the second

to the third the same ratio which the third has to the

fourth, and so on, the magnitudes are said to be conti-

nual proportionals.

8. When three quantities are continual proportionals,

the second is said to be a mean proportional between
the otiier two; and the last a third proportiunal to the

first and second.

9. In proportionals, the antecedent terms are called

homologous to one another, and also the consequents to

one another.

10. When there is any number of quantities of the

same kind, the first is said to have to the last of them
the ratio compounded of the i-atio which the first has to

the second, and of the ratio which the second has to the

third, and so on unto the last magnitude. For example,

if there be four quantities A, B, C, D, the first A is

said to have to the last D the ratio compounded of the

ratio of A to B, and of the ratio of B to C, and of the

ratio of C to D.
An^ if A:B::E:F, and B: C : : G : H ; and C:

D : : K . L ; tiien, since the ratio ofA to D is compound-
ed of the ratios of A to B, B to C, C to D ; A may also

be said to have to D the ratio compounded of the ratios,

which are the same with the ratios of E to F, G to H,
and K to L.

1 1. A ratio which is compounded of two equal ratios,

is said to be dujlicate of either of these ratios.

CoR. Hence if three magnitudes A, B, and C are

continual proportionals, the ratio ofA to C is duplicate
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>• of that of A to B. For the ratio of A to C is com-
pouivJed of the ratios of A to B, and of B to C ; but

l)y Def. 7- the ratio ofA to B is equal to the ratio of

B to C ; therefore, by this definition, the ratio of A to

C is duph'cate of the ratio of A to B, or of B to C.

12. A ratio which is compounded of three equal ra-

tios, in said to be triplicate ofany one of them. By a like

mo<ie of proceeding, a ratio quadruplicate of another is

formed, and so on.

Con. I ffo\n- magnitudes A, B, C, D be continual pro-

portionals, tl)e ratio of A to D is triplicate of the ratio

of A to B, or of i; to C, or of C to D.
13. Ratio ot equatiti/ is that which equal magnitudes

bear to each other.

Geometers make use of the following technical words
to signify certain ways of changing either the order or

magnitude of piopoiUon^ils, so that tl ley still continue

to be proportional.

14. If tour quantities be proportionals, they are said

to be proportionals by inversion, when it is inferred

th.1t the second is to the first as the fourth to the third.

(See Prop. 2.)

1 5. They are said to be proportionals by alternation,

when it is inferred that the first is to the third as the
second to the fourth. (Prop. 3.)

1 6. They are proportionals by composition, when the

sum of the first and second is to the second as the sum
of the third and fourth is to the fourth. ( Prop. 4.

)

17. And by divin.m, when the difference of the first

and second is to the second as the difference of the

third and fourth is to the fourth. (Prop. 5.

)

1 8. They are proportionals by conversion, when the

first is to the difll'erence of the first and second, as the

third to the difference of the third and fourth. (Prop. 6.)

In this Section, the letters A, B, C, &c. are used to

denote quantities of any kind ; the letters w, n, p, q,
&c. are used to denote numbers only.

In addition to the characters which denote addition

and subtraction, we shall now also employ those which
express multiplication and division ; they are explained
in Algebra, Art. 27, 28, and 29.

Axioms.

1

.

Equal quantities have the same ratio to the same
quantity ; and the same quantity has the same ratio to
each of any number of equal quantities.

2. Quantities having the same ratio to the same
quantity, or to equal quantities, are equal among them-
selves ; and these quantities, to which the same quan-
tity has the same ratio, are equal.

S. Ratios equal to one and the same ratio, are also
equal one to tlie otlicr.

4. If two quantities be composed of parts that are
equal among themselves, then will the whole of the one
have the same ratio to the whole of the other, as the
number of parts in the one has to the number of equal
parts in the other.

Prop. I. Theor.

Quantities have to one another the same ratio which
their equimultiples have.

Let A and B be two quantities, and supposing m to
denote any number, let m A and m B, (that is m times
A, and m times B, ) be any equimultiples of these quan-

tities ; tlie ratio of A to B shall be equal to the ratio of Proponiuii.

»n A to m B, or A : B : : m A : toB. '^^y^'
For let us suppose that A contains three such parts,

each equal to X, as B contains four, so that

A=X + X-fX; B = X-J-X + X.f.X;
Then 7nA = wX -f m\ -f-

m\ ;

mB = mX
-f. m\ -f- wjX -\- wiX ;

because a whole quantity taken any number of times, is

manifestly equivalent to the aggregate of each of its

parts taken the same number of times : Now as A con-
tains one-fburtli of B three times, and mA evidently

contains one-fourth of wiB also tliree times, A contains
a part of B exactly as often as niA contains a like part

of »iB ; therefore ( Def 3.) the ratio of A to B is equal
to the ratio ofwA to nB.

If instead ofsupposing A to contain three such part«

as B contains four, we had taken general symbols, and
suppose A to contain/?, such equal parts as B contained

q, the reasoning and result would have been exactly the

same. A like remark is to be made on the subsequent
propositions.

Coit. Like parts of quantities have to each other the

same ratio as the wholes ; for A and B are like parts of
>«A and mB.

Prop. II. Theor.

If four quantities be proportionals, they shall also be
proportionals by inversion.

Let A, B, C, D be four quantities, such that A : B :

:

C : D ; then also B : A : : D : C.

For suppose that A contains two such equal parts as

B contains three, and consequently, (Def. 3. ) that C
contains two such equal parts as D contains three ; then
B will contain three such parts as A contains two, and
D will contain three such parts as C contains two ; so
that B will contain a part of A, exactly as often as D
contains a like part of C, therefore (Def. 3.) B : A : ;

D: C.

Prop. III. Theor.

If four quantities of the same kind be proportionals,

they shall also be proportionals by alternation.

Let A : B : : C : D ; then, alternately, A : C : : B : D.
For let us suppose that A contains three such equal

parts as B contains four, then, (Def. 3.) C will also con-
tain three such equal parts as D contains four : let each
of the equal parts contained in A and B be X, and let

each of the equal parts contained in C and D be Y ;

then

A = 3X
C = 3Y

B = 4X
D = 4Y

Because X is contained three times in A, and Y is con-
tained three times in C ; A and C are equimultiples of
X and Y, (Def 2.) : and in like manner, it appears that

B and D are equimultiples of X and Y ; threfore ( Prop.

1.) A : C : : X : Y ; also, B : D : : X : Y ; and since the
ratios of A to C, and of B to D are each equal to the
ratio of X to Y, it follows, (Ax. 3.) that A : C : : B : D.

CoR. Ifthe first of four proportionals be greater than
the third, the second is greater than the fourth ; and if

the first be equal to the third, the second is equal to the
fourth; and if the first be less than the third, the se-

cond is less than the fourtli.
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Proportion.

Prop. IV. Theor.

If four quantities be proportionals^ they shall also be

proportionals by composition.

Let A : B : : C : D ; then by composition A : A -j- B
::C:C+ D.

For let us suppose that A contains five such equal

parts as B contains three, then also, (Def. 3. ) C will con-

tain five such equal parts as D contains three. Let

each of the parts in A and B be X, and let each of the

parts in C and D be Y ; then because

A=5X; B= 3X; C = 5Y; D = 3Y.
It follows that

A + B=8X C + D = 8Y.
Here it is evident that A-j-B contains one third of B
eight times ; and that C 4. D contains one third of D
also eight times; and in general, that A-f-B will con-

tain some part of B exactly as often as C-(-D contains

a like part of D ; therefore (by Def. 3.) A-f-B : B :

:

C-f.D:D.

Pkop. V. Theor.

If four quantities be proportionals, they will also be

proportionals by division.

Let A : B : : C : D ; then by division. A—B : B :

:

C—D : D.
For making the same supposition as in last proposi-

tion, so that

A = 5 X, B = 3 X, C = 5 Y, D z= 3 Y j we have
A— B=2X, and C_D= 2 Y, therefore A— B con-
tains one tliird of B twice, and C—D contains one-
third ofD also twice : and in general, it is evident that

A—B will in every case contain a part of B exactly
as often as C—D contains a like part of D : therefore

(Def. 3.) A—B : B : : C—D : D.

Prop. VI. Theor.

If §)ur quantities be proportionals, tliey are also pro-
portionals by conversion.

Let A : B : : C : D ; then, by conversion, A : A—B : :

C:C—D.,
For, making the same supposition as in the two last

propositions, because

A=5X, B=3X, C=5Y, D=3Y;
therefore A—B=2 X, and C—D=2 Y;

Hence it appears that A contains ojie half of A—B five

times, and that C contains one half of C—D also five
times, therefore A contains a part of A—B as often as
C contains a like part of C—D : therefore A : A B :

:

C:C—D. (Def. 3.)

Prop. VII. Theor.

If four quantities be proportionals, and there be taken
any equimultiples of the antecedents, and also any
equimultiples of the consequents ; the resulting quan-
tities will also be four proportionals.

Let A : B :
; C : D ; and supposing w and n to be any

two numbers, let the antecedents A and C be taken
each m times, and the consequents B and D each 71

times ; then shall m A : n B : : m C : w D.
For suppose that A contains two such equal parts as

B contains three: and consequently that C contains
two such equal parts as D contains three. (Def. 3.)

Let each of the parts contained in A and B be X, and Proportion

each of the parts contained in C and D be Y ; so that ^—^,'-»i

A = 2 X, B = 3 X,
Cz=2Y, D = 3Y; ;

Then, multiplying the antecedents by the number m,
J

and the consequents by «, and observing that7»x2=: '

2 X »'> anfl that h x 2= 2 X "> we have
|

otA = 2x»jX, nB = 3 X nX,
w C = 2 X »« Y, n D = 3 X n Y.

Here it is evident that m A contains one third of n B
twice ; and that m C contains one third of 21 D also

twice ; therefore in A : n B : : m C : nD. ( Def. 3.)

Prop. VIII. Theor.

If there be any number of magnitudes , and as many
others, which taken two and two have the samp ratio ;

the first shall have to the last of the first series, the same
ratio which the first has to tlie last of the other series.

A, B, C, D.

H, K, L, M.

First, let there be three magnitudes
A, B, C, and other three H, K, L, such,

that A : B : : H : K, and B : C : : K : L, then,

A : C : : H : L.

For let us suppose that A contains 2 such parts,

each equal to X, as B contains 3, and as C contains 7;
then, (Def 3.) H will contain 2 such parts (each of
which we shall denote by Y) as K contains 3, and as

L contains 7 ; so that we have
A = 2X, B=3X, C = 7X,

then, H = 2Y, K = 3Y, L=7Y.
Here it is evident that A will contain one seventh of C
twice, and that H will contain one seventh of L also

twice; therefore (Def 3.) A : C : : H : L.

Next, let there be four quantities

A, B, C, D, .ind other four H, K, L, M;
such, that A : B : : H : K, and B : C :

:

K : L, and C : D : : L : M; then shall

A : D : : H : M. For by the first case

it is evident that A : C : : H : L ; and because C : D : :

L : M ; therefore, as before, A : D : : H : M. The de-

monstration applies in the same m;uiner to any numbec
of quantities.

Note. Quantities which are proportionals, according

to tlie hypothesis of tliis theorem, are said to be so from
eaualifi/ of distance direclli/, and the theorem is usually

Cited by tlie words ex cequali, or ex cequo.

Prop. IX. Theor.

If there be any number of quantities, and as many
others, whicli taken two and two in a cross order have

the same ratio ; the first shall have to the last of the

first series the same ratio that the first has to the last

of the other series.

First, let there be three quantities A, B, C,

and other three H, K, L, such, that A : B :

:

K : L, and B : C : : H : K ; then A : C : :

H:L.
For suppose A to contain two such equal parts as B

contains three, then K will contain two such equal

parts as L contains three, (Def. 3.); let each of the

equal parts contained in A and B be X, and let each of
the equal parts contained in K and L be Y, so that

A=2X, B=3X, K:=2Y, L=3Y.
Also let Z be the same part of C that Y is of L, and let V
be the same part of H that X is of A ; so that we have

C=3Z, H=2V.
Then, because B : C : : H : K ; that is 3X : 3Z : : 2V :
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A, B, C, D.

H, K, L, M,

>. SY, and because 9X : SZ : : X : Z, nnd 2V : 2Y : : V : Y,
' (1.); therefore X : Z : : V : Y, (Ax. 3); hence, (by

I'rop. 7) 2X : aZ : : 2V : 3Y ; but 2X=A, 3Z=G, 2V
=H, SY=L ; tlicrefore A : C : : H : L.

Next, let there be four quantities,

A, B, C, D, and other four H, K, L, M,
such that A : B : : L : M, and B : C : :

K : L, and C : D : : H : K ; then A : 1) :

:

H : M ; for it is evident by the first case,

that A : C : : K : M ; and because C : D : : H : K, there-

fore, as before, A : D : : H : M. The same mode of de-
monstration will apply to any number of quantities.

Note. The quantities in this proposition are said to

be proportional from equality of distance, but in a cross

order ; and the theorem is usually cited by the words
ex afquali in proporlionc peiturbata, or ex wquo j>er-

iurbate.

Prop. X, Theor.

If the first have to the second the same ratio which the
third ha.s to the fourth, and the fifth have to the second
the same ratio which the sixth has to the fourth; the first

and fifth together shall liave to the second the same ratio

which the third and sixth together have to the fourth.

Let A : B : : C : D, and also E : B : : F : D, then A+E
:B::C+ F:D.

Because E : B : : F : D, by inversion B : E : : D : F,

(2.) But by hypothesis A : B : : C : D ; therefore ex
ceqtiali, (8.) A : E : : C : F, and by composition A -f-E

:

E : : C+ F : F. Now again by hypothesis, E : B : : F : D,
therefore ej- aquali, ( 8. ) A+E : B : : C+ F : D.

Prop. XI. Theor.

If four quantities be proportionals, as the sum of one
antecedent and its consequent is to their difference, so is

the sum of tlie other antecedent and consequent to their
difference.

Let A : B : : C : D, then A 4.B : A—B : : C+D : C—D.
For by composition, A-|-B : B : : C+ D : D (4.)
And by Div. and Inver. B : A—B : : D : C—D (5 and 2.)
Therefore ex a-quo A-J-B : A—B : : C+D : C—D (8.

)

Note. Proportionals formed in this manner, are said
to be so by mixing.

Prop. XIL Theor.

If there be any number of proportionals, as one ante-
cedent is to its consequent, so is the sum of all the an-
tecedents to the sum of all the consequents.

Let A : B : : C : D : : E : F, then A : B : : A4.C+E:B+ D+F.
For suppose that A contains two such parts, each =

X, as B contains three ; and that C conUins two such
parts, each =Y, as D contains three; and that E con-
tains two such parts, each = Z, as F contains three

;

and so on, then

A = 2 X, B = 3 X,
C =2 Y, D = 3Y,
E = 2 Z, F = 3 Z.

Hence by addition,

A+C+E = 2 X+2 Y-I-2Z = 2(X+Y+Z),
B-l-D+F = 3X+ 3 Y+3Z = 3(X+Y+Z).

Thus It appears, that A contains a third part of B
twice, and that A + C -f E contains a third part of
B-l-D+ F also twice; therefore A : B :: A+C+ E:B+D+ F.

^

ProportinB'

Prop. XIII. Prob.

To find the numerical ratio of two straight lines AB, Fig. 6&
CD, supposing them to have a common measure.

Take the lesser of the two lines on the greater as of-

ten as possible ; for example twice, with a remainder
EB.
Take the remainder BE on the line CD as oflcn as

possible ; once, for example, with a remainder DF.
Take the second remainder DF on the first BE as of-

ten as possible ; once, for example, with a remainder
BG.
Take the third remainder BG on the second DF as

often as possible, and continue this process until a re-

mainder is found, which is contained an exact number
of times in that going before it. 'I'hen the last remain-
der shall be thfe common measure ofthe proposed lines;

and considering it as unity, we shall easily find the va-

lues of the preceding remainders, and at last those of
the two proposed lines ; that is, we shall know how of-

ten each contains the unit, so that if AB contain it m
times, and CD contain it n times, then AB : CD : : m: n.

For example, if it is found that GB is contained ex-

actly twice in FD, BG shall be the common measure of
thetwolines. Let BG=1, thenFD=2; butEB=FD+.
GB,thereforeEB=3;CD=EB+FD,thereforeCD=5;
lastly, AB=2CI)+ EB, therefore AB=13 : therefore

the ratio of AB to CD is that of 13 to 5.

Scholium. This operation is evidently the same as

that by which the common measure of two numbers is

found. Its demonstration is given in Aloebra, Art.

72. and 73. If the operation terminate, and the lines

have a common measure, they are said to be commensu-.
7 able ; but the lines may be such that the operation will

never terminate, and as then the quantities have no com-
mon measure, they are said to be incommensurable. The
side of a square AB, and its diagonal AC, are ofthis na-
ture, (Fig. 8().) For if wc take AD=:AB, and draw Fig. 85.

DE perpendicular to AC, to meet CB in E, and join

AE, the triangles ABE, ADE will be equal, (18. 1.)

and BE=DE. But the angle DEC=DAB (1 Cor..

2*. 1.) =DCB, (12. I.) therefore DE=DC, (13. L)
and hence BE=rDC. Now to determine whether AB
and AC have a common measure, we first take AB out
of AC, and DC will remain ; we next take DC out of
CB, and get it once, with a remainder CE ; but as CE
is still greater than DC, we must again take CD out
of CE, and then proceeding exactly as before, we must
take the last remainder out ofCD as ot\en as we can, and
so on. Now CE is evidently the diagonal of a square,

of which DC is a side ; therefore it appears, that in

seeking the common measure, we must make the very

same kind of construction in this second square that

was made upon the first ; and again, in pursuing the

operation, we must make a like construction on a third

square, and so on continually, so that the operation can
never come to an end : therefore the quantities AC,
AB can have no common measure.
On the subject of incommensurable quantities, see

also Algebra, Sect. VI.

In the theory of proportion, we have, with a view to

brevity and perspicuity, treated only of commensurable
ratios ; that is, such as can be accurately expressed by
numbers. Although the ratio ofincommensurable quan-
tities cannot be so expressed, yet a ratio may be al-

ways tissigned in numbers, which shall be as near to the

true ratio as we please. For let A and B be any two
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Proportion quantities whatever, and suppose that X is such a part

ofHigurM. ofA, that A=mX; then, if n denote the number ot—
"^^ times that X can be taken from B, and D the remain-

der, we have B=»X+ D, and B—D=kX; and be-

cause M! : « : : ni X : n X, therefore m: n:: K: B—D.

Now- as D is less than X, by taking X sutficiently small,

D may be less than any proposed quantity, and B—

D

may d"iffer from B by less than any given quantity

;

therefore such values may be given to m and n, as shall

make the ratio of ^^ to n as near to the ratio of A to B
as we please. Hence we may, with perfect confidence,

apply whatever has been delivered in this Section con-

cerning commensurable quantities to such as are incom-

nacnsurable.

SECTION IV.

lelogram ABCD will remain ; therefore the parallelo-

gram ABCD is equivalent to tlie parallelogram ABEF.
CoR. Every parallelogram ABCD is equal to a rec-

tangle FBCE of the same base and altitude. (Fig. 9Q.)

Propoit I

ofFigttl

Fig. laj

The Propohtion of Figures.

Definitions.

DeBnitions. 1. Equivalent figures are such as have equal surfaces.

Two figures may be equivalent, although dissimilar.

For example, a circle may be equal to a square ; a tri-

angle to a rectangle, &c.

We shall apply the term equal to such figures only as

would coincide entirely, if placed the one upon the other.

2. Two figures are similar, when the angles ofthe one

are equal to the angles of the other, each to each, and the

homologous sides proportional. By the homologous sides,

we mean those that have the same position in the two

figures, or which are adjacent to equal angles : the an-

gles themselves may be called homologous a?igles.

3. In two circles, similar sectors, similar arcs, similar

scraents, are those which have equal angles at the cen-

tre. Thus, if the angle A=0, the arc BC is similar to

the arc DE, and the sector ABC to the sector ODE
(Fig. 87.)

4. The allitudc of a triangle ABC, (Fig. 96,) is a

perpendicular drawn from any one of its angles A upon

the opposite side BC its base.

The fl/^ito/e ofa parallelogram ABCE, (Fig. 94,) is

the distance AD between any two of its parallel sides.

Thcnlliliide o{a. trapezoid ABCD, is the distance

EF between its parallel sides. ( Fig. 9,5.)

5. The area and the surface of a figure, are terms of

nearly the same import. The area, however, is more
particularly the quantity of superficies, as expressed by
i?ome other superficies taken a certain number of times.

Prop. I. Theor.

Parallelograms which have equal bases and equal al-

titudes are equivalent.

Kg. 88. Let AB be the common base of the two parallelo-

grams ABCD, ABEF ; since they are supposed to

have the same altitude, their sides DC, FE, opposite to

their bases, will be in the same straight line jiarallel to

AB. But by the nature of parallelograms ADi^BC,
and AF=BE ; also DC=AB, and FE= AB, (26. 1.)

and therefore DC=FE ; and taking away DC and FE
from the same straight line DE, there remains DF=CE

:

Hence the triangles DAF, CBE have the three sides

of the one equal to the three sides of the other, each to

each, therefore they a'e equal (11. 1.): Now if the
former be taken away from the quadrilateral ABED,
there will remain the parallelogram AFEB; and if the

latter be taken from the same quadrilateral, the paral-

Fig. S7.

Fig.9S.

J'ig. 94.

Fig. 95.

Pkop. II. Theor.

Any triangle ABC is half of a parallelogram ABCD Fip. »'

of the same base and altitude.

For the triangles ABC, ACD are equal, (26. I.)

CoR. ] . Therefore a triangle A BC is half of a ree

tangle BCEF, which has the same base BC and the

same altitude AO.
CoR. 2. Triangles which have equal bases and equal

altitudes are equivalent.

Prop. III. Theor.

Two rectangles of the same altitude are to one ano-

ther as their bases.

Let ABCD, AEFD be two rectangles, wliich have

a common altitude AD ; they are to one another as

their bases AB, AE.
For suppose that the base A B contains seven sucli Fig- 9|

parts as the base AE contains four; then, ifAB be

divided into seven equal parts, AE will contain four of

them. At each point of division draw a perpendicular

to the base ; these will form seven equal rectangles (1.) ;

and as AB contains seven such parts as AE contains

four, the rectangle AC will also contain seven such

parts as the rectangle AF contains four ; therefore AB
has to AE the same ratio that the rectangle AC has to

the rectangle AF.

Prop. IV. Theob.

Any two rectangles are to one another as the pro-

ducts of the numbers which express their bases and al-

titudes.

Let ABCD, AEGF be two rectangles, and let some Fij

line taken as an unit be contained m times in AB the

base of the one, and n times in AD its altitude ; also

p times in AE the base of the other, and 5 times in AF
its altitude ; the rectangle ABCD shall be to the rect-

angle AEGF as the product m n to the product p g.

Let the rectangles be so placed, that their bases AB,
AE may be in a straight line, then their other sides

AD, AF shall also form a straight line (3. 1.) Com-
plete the rectangle EADH, and because this rectangle

has the same altitude as the rectangle ABCD when EA,
AB are taken as their bases, and the same altitude as

the rectangle AEGF when AD, AF are taken as their

bases, we have

ABCD: ADHE:: AB:AE::m:p (3.)

but m: p:: mn:pn (1. 3.)

therefore ABCD : AEHD :: OT n :p n.

In like manner, it appears that

AEHD : AEGF :: AT>: AF iin: q::pn:pq.
Therefore, ex ceqtio, A BCD : AEGF .-.mn-.pq.

Scholium. If ABCD, one of the rectangles, (Fig. p.

92.) be a square having the measuring unit for its side,

this square may be taken as the measuring unit of sur-

faces ; and because the linear unit AB is contained p
times in EF, and q times in EH, by the proposition

1 X 1 : /J 9 : : ABCD : EFGH ;

hence the rectangle EFGH will contain the superficial

I

1:
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Doriiun luiit ABCD as often as the numeral product pq cun-
• tains unity, consequently the product p q will express

'

~ the nra; of the rectangle, or will indicate how often it

contains the unit of superficies. Thus, if EF contain

the linear unit AB four times, and EH contain it three

times, the area EFGH will be 3X'!'=12, that is,

twelve times a square whose side is AB = 1.

In consequence of the surface of a rectangle EFGH
being expressed by the product of its sides, the rect-

angle, or its area, may be denoted by the symbol EF x
FG ; or thus, EF.FG, in conformity to the manner
of expressing a product in arithmetic.

However, instead of expressing the area of a square

made on a line AB thus, AB x AB, it is thus expressed,

AB^
Note. A rectangle is said to be contained by two of

its sides about any one of its angles.

Prop. V. Theor.

The area of a parallelogram is equal to the product

of its base by its altitude.

193. For the parallelogram ABCD is equivalent to the

rectangle ABEF, which has the same base AB and the

same altitude (1.) ; and this last is measured by AB X
BE, or AB X AF; that is, by the product of the base

of the parallelogram and its altitude (4.)

Cor. Parallelograms of the same base are to one an-

other as their altitudes ; and parallelograms of the same
altitude are to one another as their bases. For in the

former case, put B for their common base, and A and
A' for their altitudes ; then we have B x A : B x A' :

:

A : A'. And in the latter, put A for their common al-

titude, and B and B' for their bases ; then B X A : B' x
A : : B : B'.

Prop. VI. Theor.

The area of a triangle is equal to the product of its

base by half its altitude.

For the triangle ABC is half the parallelogram ABCE,
which has the same base BC, and the same altitude AD
(2. ) ; but the area of the parallelogram is BC x AD
(.'>.) ; therefore the area of the triangle is ^BC x AD, or

BCx^AD.
CoR. Two triangles of the same base are to one an-

other as their altitudes, and two triangles of the same
altitude are to one another as their bases.

Phop. VII. Theor.

The area of a trapezoid ABCD is equal to the pro-
duct of half the sum of its parallel sides AB, DC by its

altitude EF.

Through I, the middle of the side BC, draw KL pa-
rallel to the opposite side DA, and produce DC until

it meet KL. In the triangles IBL, ICK, the side IB =
IC, the angle B = C (2 Cor. 21. I.), the angle B1L=
CIK ; therefore the triangles are equal (7. 1), and the
side CK = BL. Now, the parallelogram ALKD is the
sum of the polygon .\LICD and the triangle CIK, and
the trapezoid ABCD is the sum of the same polygon
and .1 triangle equal to B i ! , ; therefore the trapezoid
ABCD is equal to the parallelogram ALKD, and has
for its measure AL x EF. And because AL = DK and
BL = CK, therefore AB + CD= AL + DK = 2AL ;

3

and hence AL is Imlf the sum of tlie parallel sides AB, Proportioir

CD : therefore the area of the trapezoid is equal to ofVygia^

i (AB J^ CD) X EF.
^^"^

Prop. VIII. Theor.

If a straight line AC be divided into any two parts ''"B-
^'''

AB, BC, the square made on the whole line AC is equal

to the squares on its two parts AB, BC, together with

twice the rectangle contained by these parts. Or the

proposition may be briefly expressed thus ; AC* or

(AB + BC)»=AB2 -f BC -1-2 AB X BC.

Construct the square ACDE ; take AF=AB ; draw
FG parallel to AC, and BH parallel to AE.
The square ACDE is composed of four parts ; the

first ABIF is the sqiwre on AB, because AF= AB;
the second IGDH is the square on BC ; for since AC=
AE, and AB= AF, the difference AC— AB is eqiuil

to the difference AE— AF, that is, BC=EF; but

because of the parallels, BC= IG, and EF=:HI, there-

fore HIGD is the squiu-e on BC. These two parts be-

ing taken from the whole square, there remains the

two rectangles BCGI, EFIH, which are each equal to

AB X BC ; so that the truth of the proposition is evi-

dent.

Prop. IX. Theor.

If a line AC be the difference of two lines AB, BC, Fig. 98,

the square of AC shall be equal to the excess of the

squares of AB and BC above twice the rectangle con-

tained by AB and BC ; that is,

AC2 or (AB— BC)'= AB2+ BC>— 2 AB x BC.

Construct the square ABIF, take AE = AC, draw
CO parallel to BI, HK parallel to AB, and complete
the square FEKL.
The two rectangles CGIB, GLKD are each equal to

AB X BC. If these be taken from the figure ABILKEA,
which is equal to AB* -\- BC^, there will evidently re-

main the square ACDE, that is, the square of AB—
BC.

Prop. X. Theor.

The rectangle contained by the sum and the diffe- pig. 99.

rence of two lines, is equal to th« difference of the

squares of these lines ; that is,

(AB + BC) X (AB— BC)=AB'— BC«.

Construct upon AB and AC the squares ABIF,
ACDE, produce AB so that BK = BC, and complete
the rectangle AKLE.
The base AK of the rectangle is the sum of the two

lines AB, BC ; the altitude AE is the difference of the

same lines ; therefore the rectangle AKLE = (AB -f-

BC) X (AB— BC). But the same rectangle is made
up of two parts ABHE + BHLK ; and the part BHLK
is equal to the rectangle EDGF ; for BH = DE, and
BK = EF; therefore AKLE=ABHE + EDGF. But
these two parts form the excess of the square ABIF
above the square DHIG, which is the square of BC ;

therefore (AB + BC) x (AB— BC) = AB'— BC*.

Prop. XI. Theor.

In any right angled triangle, the square which is de-

scribed on me side opposite to the right angle is equal.
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j'roporOon to the sum of tile squares on the two sides containing

lfJ2s""=-'- the right angle.

Vis- 1*^0. Let ABC be a right angled triangle, of which A is

the right angle. Having formed squires on the three

sides, draw AD perpendicular to tl)e hypothenuse, pro-

ducing it to E ; draw also the lines AI'V CH.
The angle ABF is made up of tlie angle ABC and a

right angle CBF ; the angle HBC is made up of the
- same angle ABC and a right angle ABH ; tlierefore the

angle ABF = HBC : but AB = BH, because they are

sides of the square, and BF = BC for a like reason ;

therefore the triangles ABF, HBC are equal (6. 1.) Now
• the triangle ABF is half of the rectangle BI^EF, or BE,
because they have the same base BF and the same alti-

tude (2.) ; and the triangle HBC is in hke manner
half of the square BL, for they have the same base BH,
and the same altitude ; for, because the angles BAC,
BAL are right angles, the lines CA, AL form a conti-

nued straight line (3. 1.), which is parallel to BH ;

therefore the rectangle BE is equivalent to the square

-BL. In hke manner, by joining AG and BI, it may
be demonstrated that the rectangle ,CE is equivalent to

the square CK ; therefore the two rectangles BE, CE
are together equal to the two squares BL, CK : but
these rectangles make up the whole square on BC, the

side opposite to the right angle, and BL, CK are the

squares on BA, and AC, the .sides containing tlie riglit

angle ; therefore the square on the side subtending the

rigbt angle is equal to the sum of the squares on the
sides containing the right angle.

Prop. XII. Theor.

fig. 101. Jn 3"y triangle ABC, the square of AB, the side op-
• posite to any one of its acute angles, is less than the

sum of the squares of the sides AC, CB, which contain
that angle ; and if a perpendicular AD be diawn to
either of these BC from the opposite angle, the differ-

ence shall be equal to twice the rectangle BC x CD, so
that

AB^= AC2+ CB»— 2 BC X CD.

There are two cases, according as the perpendicular
falls within or without the triangle. In case first, BD=
BC— CD; and in case second, BD=zDC— BC. In
either case, BD' = BC'-|-CD'i— 2BCXCD (9.) To
each of these equals add DA^, and we have

BD' + DA^= BC^ +CD' + DA'^— 2 BC x CD ;

but BD2+DA2= BA2(11.), andCD'-l-DA2=CA';
therefore BA«=BC^ + CAs— 2 BC x CD.

Prop. XIII. TuEon.

Hfr 102. In any obtuse angled triangle ABC, the square of
AB, the side opposite to the obtuse angle, is greater
than the squares of AC, BC, tlie sides containing the
obtuse angle; and if a perpendicular AD be drawn on
either of these sides, the excess will be equal to 2 BC XCD ; so that we have

AB«= AC*
-t- CB»+ 2 BC X CD.

ForBD=BC+Cn; therefore BD2= BC^-f-CD'

+

SBCxCD (8.); to each of tliese equals add DA-,
and we have

• BD»+ DA2= BC+ CD2 + DA^ + 2 BC x CD.
But BD'

-f. DA^ = BA' ; and CD'- -1- DA^= CA' •

therefore BA> = BC* + CA' + 2 BC X CD.

Prop. XIV. Theor.

In any triangle ABC, if a straight line AE lie drawn pj„ j

from its vertex to the middle of the base, the sum of

the squares of the sides is equal to twice the square of i

that line, and twice the square of half the base.
j;

Draw AD perpendicular to the base. Then
|

AB'= AE^ + EB5 + 2 BE X ED (13.)

AC* = AE^-f. EC-— SCExDE (12.)

Hence, by adding, and observing that BE = CE, and
J

therefore BE- = CE'-, and BE X ED = CE X ED, we
|

get AB"- + AC* = 2 AE2 + 2 BE'.

Prqp. XV. Theok.

A straight line DE drawn parallel to the base of a pig.
triangle ABC, divides the sides AB, AC proportionally;
or so that AD : DB : : AE ; EC.

Join BE and DC; the two triangles BDE, CDEhavc
the same base DE ; they have also the same altitude,

because BC is parallel to DE ; therefore they are equi-
valent, (2.) Again, because the triangles ADE, BDE
have manifestly the same altitude, they are to one ano-
ther as their bases, that is ADE : BDE : : AD: BD.
Also because the triangles ADE, CDE have the same
altitude, they are to each other as their bases, that is

ADE:CDE:: AE:CE; but we have seen that the
triangle BDE = triangle CPE; therefore, because of
the common ratio in the two proportions, it follows

that AD : BD:: AE:CE.

Prop. XVI. Theor.

Conversely, if the sides AB, AC be cut proportion- pj_J

ally by the line DE, so that AD : DB : : AE : EC, the
™

line DE shall be parallel to the base BC.

For if DE be not parallel to BC, some other line DO
will be parallel to BC: then, by the preceding theorem,
AD : DB : : AO : OC, but by hypothesis, AD : DB r

:

AE : EC ; therefore, AO : OC : : AE : EC; and by
composition, AC : OC : : AC : EC ; hence OC must be
equal to EC, which is impossible, unless.the point O
fall at E ; therefore no line besides DE can be parallel

toBC.

Prop. XVH. Theor.

If a straight line BD be drawn from the vertex of a „. I

triangle, so as to make equal angles with its sides BA,
BC, the distances of the point D, in which it cuts the

base from A and C, the extremities of the base, shall

have to each other the same ratio as the adjacent sides

BA, BC of the triangle: that is AD : DC : : AB : BC.

From C, one extremity of the base, draw CE paral-

lel to BD, meeting AB iii E. The angle ABD=BEC
and the angle CBD=BCE (2 and 3 Cor. 21. 1.), but
by hypothesis the angle ABD= CBD, therefore the

angle BEC=BCE ; hence the side BC = side BE, (13.)
Again, because ABD is a triangle, and CE is drawn
pai-allel to one of its sides, AD : DC : : AB : BE ; but
it has been shewn that BE=BC: therefore AD : DC :

:

AB : BC. .

Scholium. Tliere may be two cases, in one the line
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i.inion BD meets the base l)etween its extremities; and in the
'^^- other, it meets Uie base produced.

Pnop. XVIII. TiiEOR.

Two eqinantriilnrt'-iauples have their honiologc>ns sides

proportionals, and tlie triangles .ire similar.

tofi. Let ABC, DC E be two triangles which have their

anjyles equal, each to cioh, viz bAC=CDli, ABC=
DC!'., and ACB:=D!'"<.': the homologous sides, or the

sides adjacent to the equal angles, shall he proportion-

als : that is, P.C : CE : : AB : DC : : AC : DE.
I'lace tlie homologous sides BC, CE in the same di-

rection, ind because the angles B and E are together

less tlian two right angles, the lines BA, ED shall meet
ifproduced, (Schol. 21. 1.); let them meet in F. Then
since BCE is a straight line, and the angle BCA=E ;

AC is parallel to FE (2 Cor. 20. 1.) In like manner,

because the angle DCE = B; CD is parallel to FB

;

therefore ACDF is a parallelogram.

In the triangle BFE, the line AC is parallel to FE,
wherefore BC : CE : : BA : AF ( 1 5.) ; or since AF =
CD, BC:CE:: BA : CD. Again, in the same tri-

angle BFE, CD is parallel to BF, therefore BC : CE ::

FD:DE; that is, becau.se FD = AC, BC:CE::
. AC : DE. Since then it appears that the ratio of BC
to CE is equal to the ratio of B A to CD, and also to

the ratio of AC to DE, it follows that BA:CD::
AC : DE ; therefore the homologous sides are propor-

tionals ; and because the triangles are equiangular, they

arc similar, fDef. 2.)

Scholium. It may be remarked that the homolo-
gous sides are opposite to the equal angles.

Prop. XIX. Theor.

Two triangles which have their homologous sides

proportionals, are equiangular and similar.

107. Suppose that BC : EF : : AB : DE : : AC : DP; the

triangles ABC, DEF have their angles equal, viz.

A=D, B=E, C=F.
At the point E, make the angle FEG = B, and at F,

make the angle EFG = C, then G shall be equal to

A ( 1 Cor. 24. 1.), an<l the triangles GEF, ABC shall be
equi^mgular ; therefore, by the preceding theorem,
BC : EF : : AB : EG ; but by hypothesis. BC : EF : :

AB : DE ; therefore EG = DE. In like manner we
have BC:EF::AC:FG; but by hypothesis, BC

:

EF : : AC : DF ; therefore FG= DF. Thus it appears
that the triangles DEF, GEF have their three sides

equal, each to each; therefore they are equal (11.1.)
But, by construction, the triangle GEF is equiangular
to the triangle ABC ; therefore also the triangles

DEF, ABC, are equiangular and similar.

Prop. XX. Theor.

Two triangles which have an angle of the one equal
to an angle of the other, and the sides about them pro-
portionals, are similar.

, ,Q„ Let the angle A = D, and suppose that AB : DE: :

'
' AC : DF ; the triangle ABC is similar to DEF.

Take AG = DE, and draw GH parallel to BC

;

the angle AGH shall be equal to ABC (3 Cor. 21.1.)
and the triangle AGH equiangular to the triangle

TOL. X. PART. I.

ABC ; therefore AB : AG: : AC : AH ; but by hy- Proportion

pothesis, AB:DE:: AC:DF, and by construction, on^at^

AG= DE, therefore AH = DF. The two triangles ""^i"^

AGH, DEF have therefore an angle of the one equal

to an angle of the other, and the sides containing these

angles equal; therefore they are equal (6. 1.) ; but the

triangle AGH is similar to ABC ; therefore DEF is

also similar to ABC.

, Prop. XXI. Theor.

In a right angled triangle, if from the right angle A Fig. 109.

a perpenilicular AD be drawn to the hypotlienuse.

1. The two triangles .A^BD, ADC are similar tothe
whole triangle A BC, and to each other.

2. Each side AB or AC is a mean proportional be-

tween the hypothenuse BC, and the adjacent segment
BD or DC.

3. The perpendicular AD is a mean proportional be-

tween the two segments BD, DC.

First, The triangles BAD and BAC hSve the Com-
mon angle B; and, besides, the right angle BD \ is

equal to the right angle BAC ; therefore the third

angle BAD of the one, is equal to the third angle C' of
the other (1 Cor. 24. 1.) ; therefore the two triangles

are equiangular and similar. In like manner it may be
demonstrated, that the triangle DAC is equiaTigidar,

and similar to the triangle BAC; therefore the riirec

triangles are equiangular, and similar to one another.
Secon/lli/, Since the triangle BAD is similar to BCA,

their homologous sides are proportionals, that is,

CB : BA : : BA : BD ( 18.) In like manner, because
of the similar triangles CAD, CBA, we have BC

:

CA : : C A : CD ; therefore each side is a mean propor-
tional between the hypothenuse and its segment adja-
cent to that side.

Thirdly, Because of the similar triangles BDA,
ADC, we have BD : DA : : D A : UC

, so that the
perpendicular is a mean proportional between the sc-
meuts of the hypothenuse.

Prop. XXIL Theor.

If four straight lines be proportionals, the rectangle
contained by the extremes is equal to the rectangle con-
tained by the means ; and conversely, if the rectangle
contained by the extremes be equal to tlie rectangle con-
tained by the means, the four straight hnes are propor-
tionals.

Let HA, HB, HC, HD be four straight lines, pro- pj„ n^
portionals; the rectangle HA x HD= rectangle Hli
XHC.
Let HA, HB be placed in a straight line, and HC,

HD also in a straiglit line perpendicular to AB, and
construct the rectangles P=HA x HD, Q=:HC x HB
andR=HDxHB; then HA:HB::P:U, and HC •

HD : : Q : R, (3.) but by hypothesis, HA : HB : : HC •

HD ; therefore P : R : : Q : R, and hence P=Q, that is

HAxHDrzHByHC.
Again, if P=Q, Uiat is, if HA x HD=HB x HC,

then HA : HB : : HC: HD; for the same construction
being made, %ve have P : R : : Q : R ; but P : R : : IIA •

H .. ;andQ: R: : HC: HD; thereforeHA : HB : : HC:
HD.

Cor. If three straight lines be proportionals, the rec-
tangle contained by the extremes is equal to the square

SB
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Proportion of the mean ; and if the rectangle contained by the ex-
of b'igures. tremes be equal to the square of the mean, the three
""^r"^ straight lines are proportioiials.

Fig. 111.

I'ig. lis.

Fig. 108.

Prop. XXIII. TiiEon.

If four straight lines be proportionals, and also other

four, the rectangles contained by tiie corresponding

terms shall be proportionals ; that is, if A : B : : C : D,
and E : F : : G: H; then supposing rectangles construct-

ed, having these lines for their sides, as in the figure,

AxE:BxF::CxG:DxH.

On the line B construct another rectangle which shall

have E for its altitude ; and on the line D construct a

second rectangle that shall have G for its altitude.

Then, by Prop. 3,

A : B : : A xE : B X E, and C : D : : C X G : D X G ;

but A : B : : C : D, by hypothesis,

therefore AxE:BxE::CxG:DxG;
Now, B X E : B X F : : E : F, and D X G : D X H : :

G : H, and by hypothesis E : F : : G : H

;

therefore BxE:BxF::DxG:DxHj
but it was shewn that

AxE:BxE::CxG:DxG
therefore, ex cequo, AxE:BxF::CxG:DxH.
CoH. Hence the squares of four proportional straight

lines are also proportionals.

Prop. XXIV. Theor,

Two triangles which have an angle of the one equal

to an angle of the other, are to each other as the rectangle

of the sides about the equal angles: That is, the triangle

ABC is to the triangle ADE as ABxAC to AD x
AE.

Draw BE; the triangles ABE, ADE have a com-
mon vertex E, therefore ABE : ADE : : AB : AD
(Cor. 6.) ; but AB : AD : : AB x AE : AD x AE
(3.) therefore,

Irian. ABE : irian. ADE : : AB X AE : AD X AE.
In like manner it may be demonstrated, that

Irian. ABC : trian. ABE ; : AB X AC : AB X AE ;

therefore (8. 3.)

trian. ABC : trian. ADE : : AB X AC : AD x AE.
Cor. 1 . Therefore the two triangles are equivalent,

if AB X AC = ADx AE; orif AB : AD : : AE :

AC (22.)

CoR. 2. Two parallelograms which have an angle of
the one equal to an angle of the other, will be to each
other as the rectangles contained by the sides about
these angles : For the parallelograms are the doubles of
triangles which have an angle aiid two sides common
with those of the parallelogram.

Prop. XXV. Theor.

Similar triangles are to each other as the squares of
their homologous sides.

Let the angle A=D, and the angle B-=E, then,
AB: DE : : AC : DF (18.)

and AB: DE : : AB : DE,
for the terms of the two last ratios are identical, there-
fore,

AB«
: DE' : : AC XAB : DF X DE (25.)

But trian. BAG : trian. EDF : : AC X A&: DF x DE
(24.)

>'.)

Therefore trian. ABC : trian. EDF :

Prop. XXVI. Theor.

AB': DE*. Proporti«

of Figurei

Similar polygons are composed of the same number
of triangles, wliich are similar, each to each, and simi-

larly situated.

In tlie polygon ABCDE, draw from an angle A the Fig.

diagonals AC, AD, and in the other polygon FGHIK,
draw in like manner from the angle F, which is homo-
logous to A, the diagonals FH, FI. And since the
polygons are similar, the angle B is equal to its homo-
logous angle G, (Def. 2.) and besides, AB : BC : : FG :

GH ; therefore tlie triangles ABC, F^iH are similar,

(20.), and the angle BCA=: GHF; these equal angles
being taken from the equal angle B;;D, GH J, the re-

mainders ACD, FH[ are equal; but since the triangles

ABC, FGH are similar, we have AC : FK : ; BC :

GH, and because of the similitude of the polygons we
have BC : GH : : CD : HI; therefore AC : FH : :

CD : HI. Now it has been shewn that the angle ACD
:3FHI; therefore the triangles ACD, FHi arc simi-

lar (20.) In like manner, it may be demonstrated,

tliat the remaining triangles of the two polygons are

similar ; ihercfore the polygons are composed of the

same number of similar triangles similai-ly situated.

Prop. XXVII. Theor.

The circumferences or perimeters of similar poly-

gons are to one another as their homologous sides ; and
their areas are as the squares of their homologous sides.

1. For by the nature of similar figures, AB : FG : : Fig.

BC : GH : : CD : H I, &c. Therefore, A B is to FG as

AB -f. BC -}- CD, &c. the perimeter of the first figure

toFG-}- GH-f-HI, &c. the perimeter of tlie second

figure (12. 3.)

2. And because the triangles ABC, FGH are si-

milar, ABC : FGH : : AC : FH' (25.), and in like

manner, because the triangles ACD, FHI are similar,

ACD : FHI : : AC : FHS- therefore, ABC : FGH :

:

ACD : FHI. In the same way it may be shewn
that ACD : FHI : : ADE : FIK, and so on, if the

polygons consist of more triangles. Hence, by Prop.

12. 3. the triangle ABC is to the triangle FGH as

the sum of the triangles ABC, ACD, ADE, or the

polygon ABCDE, to the sum of the triangles FGH,
FHI, FIK, or the polygon FGHIK : But the triangle

ABC is to the triangle FGH as AB^ to FG' f 2.5.)

;

therefore the similar polygons are as the squares of their

homologous sides.

CoR. 1. If three similar figures have their homolo-

gous sides equal to the three sides of a right angled

triangle ; the figure made on the side opposite to the

right angle shall be equal to the other two. For the

figures are proportional to the squares on their homo-
logous sides ; and since the square on the side opposite

to the right angle is equal to the squares on the other

two sides, the figure on the former shall be equal to

those on the latter.

Cor. 2. Similar polygons have to each other the du-

plicate ratio of their homologous sitles. For let L be a

third proportional to the homologous sides AB, FG,
then (Def. 11. 3.) AB has to L the duplicate ratio of

AB to FG; but AB: L : : AB' : ABxL (3.); or,

since AB X L = FG' (Cor. 22.), AB : L : : AB'

:

FG2 : : ABCDE : FGHIK; therefore the figure

113.,.

II

H
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^'^>poruoI> ABCDE has to FGHIK the duplicate ratio of AB
of Kigiires. to FG.

Prop. XXVIII. Theor.

r y. I It. The segments of two chords AB, CD, which cut each

other within a circle, are reciprocidly proportionals, that

is, AO : DO : : CO : OB.

.Join AC and BD : In the triangles ADC, BOD, the

vertical angles at O are equal ; also the angle A = D,

and C ^ B (17. 2.); therefore the triangles are similar,

and the homologous sides proportionals, that is, AO :

OD : : CO : OB.
CoH. Hence the rectangle AO x OB is equal to the

rectangle CO x OD (22.) That is, the rectangle con-

tained by the segments of the one chord is equal to the

rectangle contained by tlie segments of the other.

Prop. XXIX. TiiEon.

Fig. 115. If two chords BA, CD in a circle be produced to in-

tersect each other without it ; the distances of the ex-

tremities of the chords from their mutual intersection

are reciprocally proportionals, that is, AO : DO : :

CO : BO.

For, joining BD and AC, the triangles OAC, OBD
have the angle O common, and besides, the angle B=C
( 17- 2.), therefore the triangles are similar, and the ho-

mologous sides proportional ; that is, AO : OD : : CO

:

OB.
Coa. Hence the rectangle AO X OB is equal to

the rectangle CO x OD (22.)

Prop. XXX. Thkor.

Tig. 1 16. If from any point O in the prolongation of a chord
CD, a tangent OA be drawn to the circumference, the

tangent is a mean proportional between the distances

of the intersection from the extremities of the chord.

Thatis,CO:OA::OA:OD.

For ifDA and AC be joined, the triangles OAD and
OAC have the angle at O common, besides the angle

OAD=:C (20. 2.) ; therefore the two triangles are simi-

lar, and hence CO : OA : : OA : OD.
CoR. Hence we have AO^zrCO x OD, (Cor. 22.)

ScHOMUM. The three preceding propositions have a

great affinity. In fact, they constitute an individual

property of the circle ; for when two of the intersec-

tions unite, tlie chord becomes a tangent.

Prop. XXXI. Theor.

jj.j._
In the same circle, or in equal circles, any angles

ACB, DEF at the centres are to each other as the arcs

AB, DF of the circles, intercepted between the lines

which contain the angles.

Let us suppose that the arc AB contains three such
equal parts as DF contains five. Let A p, jj q, q B be
the equal parts in AB, and D r, r s, &c. the ecjual ))arts

inDF; draw the lines Cp, C q, Er, Es, &c. ; the
angles AC;>, pCq, qCB, DEr, &c. are all equal (15.2.)
therefore as the arc AB contains fth of the arc DF three
times, the angle ACB will evidently contain fth of tlie

angle DEF also three times ; and, in general, what- ProbI«u» to

ever number of times the arc AB contains some part of ^^ '^-^

the arc DF, the same number of times will the angle
'*"~*'"™^

ACB contain a like part of the angle DEF.

PROBLEMS RELATIVE TO SECT. IV.

Problem I.

To divide a given straight line into any number of
equal part.s, or into parts proportional to given lines.

1. Let it be proposed to divide the line AB into five Fig. 118.
equal parts. Through the extremity A draw an inde-
finite straight line AG; and in this line, take five equal
distances AC,CD,DE,EF, andFG, ofany length. Join
EG, and draw CI parallel to GB, then A I will be the

fifth part of AB, and the distance A I being set off five

times fromA, the line AB will be divided into five equal

parts at the points I, K, L, M, as required. For the
sides AG, AB are cut proportionally in C and I,

( 1.5. 4.) ; and as AC is one-fifth of AG, AI will also

be one-fifth of AB.
Next let it be proposed to divide the line AB into. Fig. 119.

parts proportional to the lines P, Q, R, ( Fig. 119.)
From the extremity A, draw the indefinite straight

line A E, and take AC= P, CD= Q, DE=R. Join
the extremities E and B, and draw CI, DK, parallel to

EB ; then the line AB shall be divided into parts AI,
IK, KB proportional to the given lines P, Q, R.
For because ofthe parallels AC: CD: : AI: IK(15.4.),

and by composition, AD : DC : : AK : KI ; again,

DE : AD : : KB : KA ; therefore, ex eequo, DE : DC :

:

KB:KI, and so on; since then it appears that AC: AI::
CD : IK : : DE : KB, the parts of the line AB have
to each other the ratios of the lines AC, CD, DE, that

is of P, Q, and R.

Prob. II.

To find a fourth proportional to three given lines pi„ ijo
A, B, C.

•*

Draw the two indefinite lines DE, DF, making any
angle. On DE take DA = A, and DB = B ; and
on DF Uke DC = C ; join AC, and through B
draw BX parallel to AC; then shall DX be the fourth
proportional required. For since BX is parallel to

AC, DA : DB: : DC: DX (15. 4.); therefore DX is

the fourth proportional required.

CoR. By this problem, a third proportional to two
given lines may be found ; for it will be the same as a
fourth proportional to A, B and B.

Prob. IIL

To find a mean proportional between two given lines Fi» iji

A and B.

On the indefinite line DF take DE=A, and EF=B;
on DF as a diameter describe a semicircle DGF; at the

point E draw EG perpendicular to the diameter, meet-
ing the circumference in G ; then shall EG be the
mean proportional required. Join GD and GF ; the

triangle DGF is riglit angled at G, for G is an angle

in a semicircle (19. 2.); therefore the perpendicular GE
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f ,1 Sect. IV.

Fig. 122.

on the hypotlienuse is a proportional between DE and

EF, (21!) that is between A and B.

fig. 123.

tig. 12+.

Fig. 125.

Fig 120.

Prob. IV.

To divide a straight line AB into two parts, so that

one of them sliall be a mean proportional between the

whole line and the other part.

At B, one extremity of the line, erect a perpendicular

EC equal to half AB ; on C as a centre, with CB as a

radius, describe a circle ; draw AC to meet the cir-

cumference in D, and take AF = AD ; then the line

AR shall be divided at the point F in the manner re-

quired, that is, AB : AF : : AF : FB.

For AB being perpendicular to the extremity of the

radius BC, is a tangent to the circle (9-2.); there-

fore if AC be produced until it meet the circumference

again in E, we shall have AE: AB :: AB: AD; hence, by

division, AE—AB:AB::AB- AD:AD; but since BC
=zji AB, therefore DE = AB, and consequently AE —
AB = AD = AF ; also, because AF = AD, we have

AB— AD = FB ; Uierefore AF : AB : : FB : AD, or

AF, and by inversion, AB : AF : : AF : FB.

Scholium. A line divided in this manner is said to

be cut in extreme and mean ratio ; and it may be re-

marked, that AE is also divided into extreme and mean
ratio at the point D, for since AB = DE, we have

AE:DE::DE:AD.

Prob. V.

Through a given point A in a given angle BCD, to

draw a straight line BD, so that the parts AB, AD
contained between the point A and the two sides of

the angle shall be equal.

Through the point A, draw AE parallel to CD ;

take EB = EC, and draw AB to meet CD in D, and
the thing is done. For AE being parallel to CD, we
have BE : EC : : BA : AD ; but BE = EC, therefore

BA = AD.

Prob. VI.

To make a square equivalent to a given pai'allelo-

gram, or to a given triangle.

1. Let ABCD be the given parallelogram, AB its

base, and DE its altitude. Between AB and DE find

a mean proportional XY ( Prob. 3. ) ; the square made
on XY shall be equivalent to the parallelogram ABCD.
For since by construction, AB : XY::XY : DE; there-

fore, (Cor. 22.) XY2=AB X DE = the parallelogi-am

ABCD, (Cor. 1.)

2. Let ABC be the given triangle, BC its base,

and AD its altitude. Take a mean proportional be-
tween BCand the half ofAD; andletXY be that mean.
The square made on XY shall be equivalent to the tri-

angle ABC.
For since BC : XY : : XY : | AD ; therefore XY' =

BC X i AD = triangle ABC.

Prob. VIL

Upon a given straight line AD, to make a rectangle
DAEX equivalent to a given rectangle ABPC.

Find AX a fourth proportional to the three lines AD,

AB, AC, (Prob. 2.) ; the rectangle contained by AD Problemj
f

and AX will be that required. «o Sect. IV
J

For since AD : AB : : AC : AX, it foUows that AD X ^"V-"*!
AX=AB X AC (22.) ; therefore the rectangleADEX
is equivalent to the rectangle ABFC.

j

Prob. VIII.

Having given any rectilineal figure to make another

equivalent to it, that shall have one side fewer.

Let ABCDE be the given figure. Draw a diagonal Fig- 127.

CE so as to cut off from it a triangle CDE ; through
D, the vertex of the triangle, draw DF parallel to its

base CE, to meet AE, one of the adjacent sides of the

figure (produced if necessary) in F ; join CF, and the

figure ABCF shall be equal to the figure ABCDE,
and have one side fewer. For the triangle CFE is

equivalent to CDE ( 6.), therefore, adding the common
space ABCE, the figure ABCF is equal to the figure

ABCDE.
Scholium. By this problem, a triangle may be found

that shall be equivalent to a rectilineal figure of any
number of sides. Thus, the five-sided figure ABCDE
having been reduced to the quadrilateral ABCF, if we
join CA, and draw BG parallel to CA, to meet FA
produced in G, and then join CG, the quadrilateral

will be transformed into an equivalent triangle CGF,
which will also be equal to the original figure ABCDE.

It has been already shewn that a square may be
found equivalent to any triangle; therefore by this, and
Prob. 6. any rectilineal figure whatever may be trans-

formed into an equivalent square.

Prob. IX.

To make a square that shall be equal to the sum, or

to the difference of two given squares.

Let A and B be the sides of the two given squares, pig. I2S.

1. To make a square equal to the sum of two squares,

draw two indefinite lines ED, EF, containing a right

angle ; take DE=A and EG=B ; join DG, and DG
is evidently the side of the square required, (11.)

2. If a square is to be found equal to the difference

of two squares ; form a right angle FEH ; take EG
equal to the lesser of the two sides A, B, and on G as

a centre, with a radius equal to the greater, describe an
arc, to meet EH in H ; then EH shall be the side of a

square equal to the difference of the squares on GH
and GE, or on A and B, as is evident from Prop. II.

Sect. 4.

Scholium. By this problem, a square may be made
equal to any number of given squares.

Pbob. X.

On a given straight line FG, homologous to AB, to Fig. 113|

describe a polygon similar to a given polygon ABCDE. i

Draw tlie diagonals AC, AD: at the point F make
the angle GFH equal to the angle BAC, and af G
make the angle FGH equal to ABC ; the lines FH,
GH will meet in H, and form a triangle FGH similar to

ABC. In like manner, on FH, which is homologous

to AC, construct a triangle FHI, similar to ACD; and

on FI, homologous to AD, construct a triangle FIK
similar to ADE, The polygon FGHIK shall be simi-

lar to ABCDE. For hese two polygons are composed

h
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fig, of the same number of tiianRles, similar and similariy^ situated, (26.)"^
SECT. V.

Of Regular Polygons, and the Measure of the
Circle.

,r po. Definition. A polygon, which is at the same time

, mil equilateral and equiangular, is called a regular polygon.
»»sure

=''^"
Prop. I. Problem.

To inscribe a square in a given circle.

,g Draw two diameters AC, BD, at right angles to each

otlier ; join their extremities A, B, C, D ; and the fi-

gure ABCD shall be the inscribed square. For the an-

gles ABC, BCD, &c. are right angles, ( ly. 2.), and the

chords AB, BC, &c. are equal.

Prop. II. Prod.

To inscribe a regular hexagon and an equilateral tri-

angle in a given circle.

, io. From any point B in the circumference, apply BA
and BC each equal to the radius BO ; draw the dia-

meters AD, BE, CF, and join their adjoining extre-

mities, and the figure ABCDEF, thus formed, will be

the hexagon required.

For the triangles AOB, COB being equilateral, each

of the angles AOB, BOC will be one third of two right

angles (4. Cor. 2t. 1.) ; therefore COD will also be one-

third of two right angles '(2. 1.) ; therefore the angles

AOF, FOE, EOD, vertical to these, will be each one-

third of two right angles, and the six angles at O will be
equal ; and hence the straight lines AB, BC, CD, DE,
EF, FA will be all equal (15. 2.), and the hexagon
will be equilateral. It will also be equiangular ; for

the angles FAB, ABC, &c. stand each on two-thirds
of the whole circumference; therefore they are all equal

(17- 2.) If straight lines be drawn joining A, C, E, the

vertices of the alternate angles of the hexagon, there

will be formed an equilateral triangle inscribed in the

circle, as is sufficiently evident.

Scholium. In the same way as we have proved that

every equilateral hexagon is equiangular, it may be
proved that any equilateral polygon whatever in a cir-

cle is also equiangular.

Prop. III. Prob.

To describe a regular decagon in a circle, also a re-

gular pentagon.

Divide the radius AO in extreme and mean ratio at

the point M ; take the chord AB equal to the greater

segment OM, and AB shall be a side of the regular de-
cagon, or figure of ten sides, which may be completely
formed by placuig straight lines, each equal to AB,
round the circumference.

Join BM ; and because, by construction, AO : OM :

:

OM : AM, and AB=OM, therefore AO : AB : : AB :

AM ; hence the triangles AOB, ABM, which have an
angle OAB common to both, have the sides about that

angle proportionals ; therefore they are similar (20. 4.)

And because the triangle AOB is isosceles, the triangle

ABM is also isosceles, and AB=BM ; but AB=MO,
by construction; therefore BM=MO, and the triangle
BMO is isosceles. Therefore the angle AMB, which is

equal to the sum MOB -f MBO l24. 1.), will be dou-

ble MOB. But the. angle AMB = MAB ; therefore ReRiiUr

each of the angles OAB, DBA is double AOB; and Polyiconfc

the three angles of the triangle AOB will be five times """V""^

the angle O. Thus the angle will be one-fifth of
two right .angles (2t. 1.), or one-tenth of four right

angles, therefore the arc AB is one-tenth of the cir-

cumference; and the chord AB is the side of a regular
decagon inscribed in a circle.

If every second angle of the decagon be joined by
straight hues, there will be formed a regular pentagon
ACEGI inscribed in the circle.

Cor. By this and the foregoing problems a regular

quindecagon, or polygon of fifteen sides, may be in-

scribed in a circle. For let AL be the side of a hexa-
gon ; then the arc ABL will be s> of the whole
circumference, and the arc AB -rV) °''

j's °f the circum-

ference, therefore the difference of the two arcs will be

T^, or T?^ of the circumference, and LB the chord of
tlie arc will be the side of a quindecagon.

Scholium. By bisecting the arc subtended by a side

of any polygon, another of double the number of sides

may be ijiscribed in a circle. Hence from a square, we
may inscribe polygons of 8, 16, 32, &c. sides; and
from a hexagon others of 12, 24, &c.
The square, the regular pentagon and hexagon, and

such figures as can be formed from them in the manner
we have described, were the only regidar figures that th
ancients could inscribe in a circle. A mathematician o
our own times, Mr Gauss, has however shewn, that a
regular polygon of 17 sides may be inscribed in a circle

by drawing straight lines and circles only ; and ih*

the same is true of all polygons of which the number
of sides is a prime number of the form 2"-}- 1. This
formula includes figures of 3, 5, 17, 257, 65537, &c.
sides; but the demonstration) even in the case of 17
sides, has not j'et been given on principles purely geo-
metrical. See Disquisitiones Arilhmeticae, published at

Brunswick, 1801 ; or a French translation, 1807.

Prop. IV. Prob.

Having given any regular polygon ABCD, &c. inscri-

bed in a circle, to describe a reg-ular polygon ofthe same
number of sides about the circle.

At H, the middle of the arc AB, draw the tangent fig- 13?.

a H i ; do the same at the middle of each of the other

arcs BC CD, &c. these tangents shall form by their

intersections a regular circumscribed polygon abed, &c.
similar to the inscribed polygon.

Draw the radii OH, Ol, and because OH is perpen-
dicular to the tangent a b, (9. 2.) and also to the cjriord

AB (schol. 6. 2. ), the tangent is parallel to the chord

(19. 1.) In like manner it may be shewn that all the

other sides of the circumscribuig figure are parallel to

the sides of the inscribed figure. Draw a line from O to

b ; and because the right angled triangles O 6 H, O 6 I

are equal (18.1), for they have a common hypothenuse
O b, and the side OHzrOI, therefore the angle HO i=
lOi, and the line O i passes through the middle of the

arc HI, that is, a line drawn from the centre to the in-

tersection of any two sides of the circumscribing poly,

gon passes through the intersection of the sides paral-

lel to them of the inscribed polygon : And because the
angles cbO and a bO are respectively equal to CBO and
ABO (3Cor. 21. 1.), the whole angle c 6 a = CBA ; in

like manner it may be proved, that b(iJ-= BAF, &c.
therefore the angles of the circumscribing polygon are

equal to those of the inscribed polygon. Again, be-
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Kegular cause of the similar triangles OBA, Ob a, and OBC,
rolygons. o i p^ ^e },ave AB : fl i : : (BO : J O : :

) BC : 6 c ( 18. 4.)
^"^«''~'

but AB = BC, therefore ab=bc: For a like reason

bcz=.cd, &c. therefore the circumscribing polygon is

regular and similar to the inscribed polygon.

Prop. V. Theor.

Regular polygons of the same number of sides in-

scribed in circles are similar, and are to one another as

the squares of the radii of the circles.

Let ABCDEF and abcdefhc equilateral hexa-

gons inscribed in circles ; these will also be equiangu-

lar, (schol. 2.) and consequently regular; and because

all the angles of each polygon are together equal to

eight right angles (25. 1.), the angle A is ^ of eight

right angles ; and as tlie same is also true of a, there-

fore the angles A and a are equal. In like manner it

appears that B = i, C = c, &c. and because the sides

of each figure are all equal, we have FA : AB : ifa

:

« b, &c. therefore the polygons are similar (2 def. 4.)

Draw BO, CO, bo, c o, to the centres : The triangles

BOC, b o c are similar, for the angles at O and o are

equal, each being ^ of four right angles, and CO : OB
: : co:ob; therefore COB -.cob : : CO^ : c o' ; but

the triangles COB, cob are manifestly like parts of the

whole polygons, therefore (1-3.) the polygons are to

«ach other as the squares of CO, c o, the radii of the

circles.

Prop. VI. Theor.

A circle being given, two similar polygons may be
found, the one described about the circle ; and the other

inscribed in it, which shall diff'er from one another by
less than any given space.

fig. 154.. Let Q be the side of a square, equal to the given
space ; bisect AC, a fourth part of tiie circumference

of the circle, and again bisect the half of this fourth, and
proceed in this manner, always bisecting one of the ai-cs

found by the former bisection, until an arc is found of
which the chord AB is less than Q : As this arc will

be an exact part of the circumference, ifwe place chords
AB, BC, CD, &c. in it each equal to AB, the last will

terminate at A, and there will be formed a regular po-
lygon ABCDE &c. in the circle

:

Next describe about the circle a regular polygon
a bcde, &c. of the same number of sides as the inscri-

bed polygon, and having its sides parallel to those of
the latter (4.)r The difference of these two shall be less

than the square of the line Q.
For, draw lines from a and J to O the centre, these

will pass through A and B, as was shewn in tlie demon-
stration of Prop. 4. also a line drawn from O to K, the
point in which a b touches the circle, will bisect AB in

1, and be perpendicular to it (6. 2.) : complete the dia-
meter AOE, and join EB. Put P for the circumscri-
bing polygon, and p for the inscribed polygon ; tlien,

because the triangles a o A, AOB are manifestly like
parts of P and;), we have P:/): -.aob: AOB; (1. 3.)
but these trianglesbeing similar, flo6: AOB: :oa«:OA«,
or OK', (25. 4); and again, because the triangles O cK,
EAB are manifestly similar, we have Oa»: OK^ ; :

EA^: EB= (IS.and 23. 4.); therefore P :;; : : EA« : EB',
and by conversion, P : P— ;; : : E A^ : E .\'— E B' or
AB*. Now, as a square described about a circle will
Boanifesdy include within it a polygon of 8, also of 16,

5
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and of 32 sides, &c. the polygon P will be less than the
square ofEA; therefore P— p, the difference of the
circumscribing and inscribed polygons, will be less than '*^

the square of AB, that is, by construction, less than the

given space Q. (cor. 3. 3.)

Cor. 1. Because the polygons differ from each other
more than either differs from the circle, we may infer,

that a polygon may be described about a circle, and
also a polygon may be inscribed in a circle, either of i

which shall differ from the circle by less than any given '

space.

Cor. 2. A space that is less than any polygon what-
ever, described about a circle, and also greater than any
polygon whatever, inscribed in the same circle, must be
equal to that circle.

Axiom.

If HBI be any arc of a circle, and bH, bl tangents Pig.

at its extremities, the sum of the tangents 6 H, 6 1 is

greater than the arc HBI.
Cor. The circumference of a circle is less than the

perimeter of its circumscribing polygon.

Prop. VII. Theor.

The area of any circle is equal to a rectangle contain^
ed by half the perimeter, and the radius.

Fij!l

'

Let ABCD, &c. be a regular polygon inscribed in

the circle, and abed &c. a similar polygon, descri-

bed about it, and having the sides ab, be, &c. parallel

to AB, BC, &c. draw OIK perpendicular to AB, ab;
and OAn, OBb, through tlje points A, a, and B, b.

Let P be tlie perimeter of the polygon abed &c. p
that of the polygon ABCD &c. and Q that of the cir-

cle.

The triangle a O b is equal to ^ o i X OK, (6. 4.) and
multiplying these equals by n, the number of sides of
the polygon, we have n x trian. a O 6=« X^o bx OK

;

but n X trian. a O b is manifestly the area of the poly,
gon abed Szc. and nx~^ a b, or ^xnxa bia equal to

;J
P ; therefore the area of the polygon abed &c. is

:]-P X O K; and similarly, the area of the polygon ABCD
&c. is J pxOI.

Becau?e IQ^^ P, therefore ^ Q x KO-^i P X KO,
but 5 Px KO is the area of the polygon abed &c.
therefore | Q X KO is less than the area of the polygon
abed &c. Again, because iQ'::^i p, therefore iQx
OK-zp-ip X OK; but OKt^J'OI, and ip x OK"^
^;;XOI: much more then is ^ Qx OK::P'|^pxOI,
but Ip X OI is the awaof thepolygon ABCD, &c. there-

fore T Q X OK is greater than the area of the polygon
ABCD, &c. Thus it appears, that the rectangle con-
tained by 4 Q the perimeter of the circle, and OK its

radius, is greater than any polygon inscribed in the cir-

cle, and less than any polygon described about the cir-

cle ; therefore it must be exactly equal to the area of the
circle, (Cor. 6.)

Prop. VIIL Theor.

The areas of circles are to each other as the squares
"f their radii.

Let ABCDEF, and abcdefbe regular, and similar fi Ift

polygons inscribed in the circle's ; and as OB* : o b*, so
,

Jet "the circle ABCDEF be to a fourth proportional Q; «

then because OB' : o 6» : : pol. ABCDEF : pol. a bcdef, J

(5.) it follows, that
j

I
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pol. ABCDKF : pol. abode/:: cir. ABCDEF : Q.

Now the third temi of this proportion is prreater than

the first, therefore the fourtlj is greater than the second ;

that is, Q is grejjter tlian any polygon inscribed in the

circle abed e
)'.

Because the areas of similar polygons described aboiit

a circle are also to each other as the squares of the radii,

it may be shewn in the same way, that the space Q is

less than any polygon described about the circle a bcdef;

therefore Q must be exactly equal to the circle abcdef
(2 Cor. 6.) and the circle ABC &c. is to the circle abc
&c. as OB'^ too6».

Cor. I . The perimeters of circles are to each other as

their ratlii. I^et P be half the circumference of the cir-

cle ABCDEF, and R its radius ; also letp and r be half

the circumference and the radius of the other circle

;

then the areas of the circles are equal to the rectangles

PxH aiid/)X»". (7.); ^^^ ' ^'^ heen shewn, that

P X H :/> X » : • II' :
>•'

; therefore, by alternation, P X R

:

R« : : /7 X r : r' ; but P X K : R' : P = R. and p X ' : r'

: : p: r; therefore I' : R : : p : r ; and by alternation,

P : p : : R : r.

Cor. 2. A circle described with the hypothenuse of

a right angled triangle as a radius, is equal to two cir-

cles described with the other two sides as radii, (Fig.

1 35.) Let the sides of the triangle be a, b, and its hypo-

thenuse h ; and let the circles described with these lines

as radii be A, B, and H ; and because

A : H : : a« : /*»,

and B : H : : 6* : A' ;

Therefore A-fB : H : : a^-f-J'^ .
^s (10. 3.) but a'-j-4'=

/i"; therefore A-f-B=H.

Prop. IX. Prob.

Having given the surfaces of a regular polygon inscri-

bed in a circle, and of a similar polygon described about

it, to linil the surfaces of the inscribed and circumscri-

bed polygons of double the number of sides.

Let AB be the side of the inscribed polygon, EF pa-

rallel to AB, that of the similar circumscribed polygon,

and C the centre of the circle. If the chord AM, and
the tangents A P, BQ be drawn, the chord AM shall be
the side of an inscribed polygon of double the number
oi' sides, and PQ=2 PM, the side of a similar circum-

scribed polygon. This being supposed, as the same con-

struction may be made in all the different angles equal

to ACM, and as the triangles contained in ACM have to

each other the ratios of the whole polygons, it will be
sufficient to consider these only.

Let A be the surface of the inscribed polygon, of
which AB is a side, B the surface of the similar circum-
.'cribed polygon, a the surface of the polygon, of which
AM is a side, and b the surface ofthe circumscribed po-
lygon. A and B are supposed known, and it is required
to determine a and b.

1. The triangles ACD, ACM, are to each other as

tlieir bases CD, CM, (Cor. 6. 4.) besides they are to
each other as the polygons A and a, of which they are
like parts ; therefore A : a : : CD : CM. The triangles

CAM, CME, are to each other as their bases CA, CE,
and also as the polygons a and B ; therefore a : B : :

CA :CE. But because of the similar triangles CD A,
CME, we have CD : CM : : CA : CE, (18. 4 ) there-
fore A : a : : a : B ; so that the polygon n, one of those
we seek, is a mean proportional between the two known

polygons A and B ; and if these are expressed by num-
bers, a will be found by taking the square root of their

product ; that is, ft=V'A X B.*

2. Because of the common altitude CM, the triangle

CPM is to the triangle CPE as PM to PE ; but l>ecause

the angle ECM is bisected by CP, PM : PE :: CM : CE
(17. 4.) : : CD : CA : : A : a, therefore CPM : CPE : :

A : a, and by inversion and composition, CPM-)- CPE,
or CME : CPM : : A + n : A, and taking the doubles of

the consequents, CME : 2 CPM : : A+ n : 2 A ; now
CME and 2 CPM, or CMPA, are like parts of the poly-

gons B and b, therefore A-|-a:2A:: V>:b ; hence b is

known, because it is a fourth proportional to the three

2 A V B
known quantities A -^ a, 2 A and B, and b= —g .

Therefore, by means of the polygons A and B, it is easy

to find the polygons a and b, which have double the

number of sides.

Prop. X. Prob.

To find nearly the ratio of the diameter of a circle t»

its circumference.

The most obvious method, although not the best, ie

to express the diameter by a number, and compute the

areas oftwo polygons of the same number of sides, one
inscribed in the circle, and the other described about it.

The area of the circle itself will be some quantity be-

tween these two. If the number of sides be consider-

able, either, or any quantity between them, will be near-

ly equal to the area of the circle. And since the area

is equal to the rectangle contained by the radius and
half the circumference, if the approximate value of the

area be divided by the radius, twice the quotient will

be an approximate value of the circumference.

Let us suppose the radius to be unity, then the dia-

meter will be 2, and the side of a square described about

the circle, will be expressed by the number 4 ; and as the

inscribed square A, is evidently half the circumscribed

scpiare, the area of the inscribed square will be 2. Em-
ploying now the formulae found in last proposition, vi«.

and making A=2, and B=4, we find a, the area of a

regular polygon of eight sides inscribed in the circle,

= v/2xl=:\/8=2.8284271, and b the circumscribed

polygon =3.3137085.
Putting now A=2.8284271, and B=3.3137085, we

may hence find a and b the hiscribed and circumscri-

bed figures of 16 sides, and so on as in this Table.

ncguJir
Polygon!.

Number of Sides. I user. Polygon. Circum. Pol.

4 2.0000000 4.0000000

8 2.8284271 3.3137085

16 3.0614674 3.1825979

32 3.1214451 3.1517249

64 3.1365485 3.1441184

128 3.1403311 3.1422236

256 3.1412772 3.1417504.

512 3.1415138 3.1416321

1024 3.1415729 3.1416025

2048 3.1415877 ,1.1415951

4096 3.1415914 3.141593S
8192 3.1415923 3 1415928
16384 3.111.5925 3.1415927
32768 3.1 U 5926 3.1415926

• The radical sign \/ placed over the symbol that expiesees any quaotity, indicates that the tqaare toot of the expression which it affects

i» to be taken. See Alcsbba, Art. 137.
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Regular Hence it appears that the inscribed and circiimscri-
Polygons.

jjj^g polygons of 32708 sides agree in the first seven
"^

" *~
decimal places of the numeral expressions for their

value ; therefore the numeral expression i'or the circle

itself, which is between these, will be correct in all

these figures ; so that the radius of a circle being one,

its area is 3.1415926 nearly, and this divided by the

radius gives 3.14159923 for half the circumference

nearly, the radius being one ; hence the diameter is to

"the circumference nearly as 1 to 3.1415926 nearly.

SciiOLiuM. By this method, the ratio of the diameter

to the circumference may be found to any approximate

degree of accuracy. Archimedes, by means of mscribed

and circumscribed polygons of 96 sides, shewed that

the diameter is to the circumference nearly as 7 to 22 ;

and Metius found, by polygons of a greater number of

sides, that tlie diameter is to the circumference as 1 1;5

to 355. The manner of deducing these from the ratio

found in the proposition, is explained in Algebr.\, art.

364,.*

Piiop. XI. Prob.

To find a straight line nearly equal to any given arc

of a circle.

Pig. 137. Let AB be any arc of a circle, of which C is the

centre. t)raw the radii CA, CB, and draw AH per-

pendicular to AC, and CD perpendicular to CB, meet-

mg HA in D. 13isectthe angle ACB liy the straight

line CH ; again bisect the angle ACH by the line CI,

and bisect the angle ACI by the line CK, and bisect

the angle ACK by the line CL, and proceed in this

manner with any number of bisections ; the greater the

number, the more accurate will be the result.

Let H, I, K, L, &c. be the points in which the bisect-

ing lines meet the line DA. In AD produced, take

DP=i of AH, PQ=i of AI, QR=|of AK, RS=tV
of AL, and so on, if there were more lines intercepted

between A and the bisecting lines, but ifAL be the
last, then take ST=5- of RS. Draw a straight line

now from C to T, and draw C6 perpendicular to CT,
meeting AH in />, and the straight line A6 shall be
nearly equal to tlie arc AB of the circle.

This construction is derived from an elegant formula
which we have investigated in the conclusion of the

AuiTHMEiic OF Sines, also in Conic Sections, (Sect.

VII.) It is this, putting a for any arc,

— = cot. a + i tan. J a + J tan. la+ ^ tan. ^ a
-f-

&c.

Now, from the construction and the definition of the
trigonometrical lines about a circle, it is manifest that

AD is the cotangent of AB or «, and that AH ^
tan. ia, A I = tan. ^ a, &c. and therefore that DP=
^ tan -^ a, PQ= ^ Un {a, &c. and therefore that AS =
cot. II -\-^ tan. ^ ((-f-i tan. \ n-j-^tan. ^a-J-^'^ tan. T^a;
the ;i(lilition of ST = 4- RS is an approximate value of
the sum of the remaining terms of the series ; and as

TC 6 is a right-angled triangle, of which C is the right

angle, CA''= AT x A6 (21. 4.) and

CA' 1

. I = AT, that is . , = cot. a -f ^ tan. -ha-\- &c.

Hence it is evident that A b =z arc a.

Scholium. If we suppose the arc AB a quadrant,

then AD = 0, and by calculation, (see Arithniktic
OF Sines, Art. 33), supposing CA=1, it will be found
that DP = 5000000 PQ = .1035534, QR= .0248640,
RS= .00(11557, ST =0020519; hence DT or AT
= .6366250; and since AT : AC = 1 : : AC : A i, we
find A6or AB=:1.570784-,the approximate valut* of the

quadrant. The more correct value is 1 .570796, Sec. by
which it appears that the error is little more than the

100000 P*'"^"^*^^'*'^'"'-

Part II. THE GEOMETRY OF SOLIDS.

Of Planes

and solid

Angles.

SECT. I.

Of Planes and Solid Angles.

De/initioiii:

Definitions. !• A straight line is perpendicular or at right angles

to a plane, when it makes right angles witii every
straight line, meeting it in that plane. On the other
hand, the plane is perpendicular to the line.

a. A straight line is parallel to a plane when they
do not meet, to whatever distance both are produced.
The plane is also parallel to the line.

3. Two planes are pariilkl to each ether, when they
do not meet although produced.

4. Admitting what will be afterward demonstrated,
(in Prop. 3.) that the common sections of two planes is

a straight line, the a7igle or the inclinalion of two planes
is the angle contained by two straight lines, drawn from
the same point of their common section at right angles

^ to it; the one in the one plane, and the otlicr in the
other. This angle may be cither acute, right- or obtuse.

5. If this angle is a right angle, the planes are per-
pendicular.

6. A solid angle is that which is made by the meet- Of 1 k
ing of more than two plane angles, which are not in mwIW

the same plane, in one point.

Prop. I. TiiEOR.

A straight Ime cannot be partly on a plane, and

partly above it.

For, according to the definition of a plane, when a

straight line has two common points with a plane, it is

entirely on that plane.

Prop. II. Theor.

Two straight Tines, which cut each other in a plane

determine its position ; th.-.t is, a plane which passes

through two btraight lines, that cut each other, can

hiivc only one position.

Let AB, AC be two straight lines which cut each 1

other in A ; suppose a plane to pass througli AB, and

to turn on that line, until it pass through C ; then the

• The ratio of 113 and 355 is easily remembered, by observing that the figures of the numbers are 1, 1, 3, 3, 5, 5, viz. the first three

*dd numbers each repeated.
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•C5 points A and C lying on the plane, the whole line AC
'* will be in the plane; therefore the position of the

''' plane is determined by the single condition of its con-
^^

tainingthe two straight lines AB, AC.
Cor. 1. Any triangle ABC, or three points A, B, C,

not in a straight line, determine the position of a plane.

Con. 3. Therefore also any two parallels .\P, ED
I. (Fig. 1+1.) determine the position of a plane, for if a

straight line AD meet them, the plane of the two lines

A P, AD is that of the parallels AP, ED.

Prop. III. Theor.

If two planes cut each other, their common section

is a straight line.

!9. Draw a straight line joining any tvro points E and F
in the eoninion section of two planes AB, CD, this

line will be wholly in the plane AB (by the definition

of a plane), nnd also wholly in the plane CD ; there-

fore it is in both planes at once, and consequently is

their common section.

Prop. IV. Tiieor.

•0. If a straight line AP is perpendicular to two-straight

lines PB, PC at the point of their intersection P, it is

perpendicular to the plane in which these lines are.

Through P draw any straight line PQ in the plane

of the lines PB, PC ; through Q, any point in that line,

draw a straight line to meet PB, PC, so that BQ=QC,
(Prob. 5. Sect. i. Part I.) Join AC, AQ, AB; and
because ABC is a triangle, of which the base BC is bi-

sected at Q, therefore

AB2-}-AC-'=2BQ'-f2AQ-, fU.4. Part. I.)

In like manner, in the triangle PBC, we have
PB"+ PC^=:2BQ-+2PQ'

;

therefore, taking equals from equals, we have

AB'— PB'+AC—PC'= 2AQ-^— 2PQ2.
But because the triangles APB, APC are right angled

at P, AB' — PB2 = AP2 ; and AC^_ PC-' = AP'
(11. 4.) ; therefore

AP'+ AP«= 2AQ»— 2PQ2,
that is, 2AP« = 2AQ2— 2PQS and AP^=AQ»—PQ*,
and AQ»=.'\P*-|-PQ, hence in the triangle APQ, the

angle at P must be a right angle, (11, 12, and 13. of 4.

Part I.), and AP is perpendicular to any line whatever
on the plane of the lines PB, PC, therefore it is perpen-
dicular to the plane itself, (Def 1.)

CoR. 1. The shortest line that can be drawn to a
plane from A any point above it, is the perpendicular
A P.

CoR. 2. Only one perpendicular PA can be drawn
to a given plane, from a given point P in that plane

:

For if two perpendiculars coidd be drawn, a plane
might pass along them, and meet the given plane in

PQ ; and thus two lines would be perpendicular to PQ,
which is impossible.

CoR. 3. It is also impossible to draw more than oiie

straight line perpendicular to a plane, from a point with-
out it. F«r if there could be two perpendiculars AP,
AQ, the triangle APQ would have two right angles,

which is impossible.

Prop. V. Theor.

If a straight line AP is perpendicular to a plane MN,
vol. X, PAIJT I.

every straight line DE, parallel to AP, is perpendicular •"" Pl«n"

to the same plane. "J^^

Pig. 141.
Let a plane pass along the parallels AP, ED, so as

to meet the plane M N in the line PD. In this plan*
draw a line BDC through D, perpendicular to PD,
take equal distances DB, DC, ami jpin AB, AC, AD.
And because in the triangles DBP, DCP, DB = DC,
and DP is common to both, and the angle PDB=PDC,
therefore PB = PC (6. 1. Part I.) Again, in the triJ

angles APB, APC, AP is common to both, and it has
been shewn that PB = PC, besides the angles APB,
APC are right angles, because AP is perpendiaUar to
the plane MN, therefore AB=AC, so that the triangle

ABC is isosceles; hence BD is' perpendicular to AD
(12. 1. Part I.) ; but BD is also perpendicular to PD,
by construction therefore BD is perpendicular to the
plane of the triangle APD (4.), and consequently to

DE, which is in that plane ; since then EDB is a right

angle, and also EDP isa rightangle(l Cor. 21. Part I.),

the line DE is perpendicular to the two lines DP, DB;
it is therefore perpendicular to the plane MN.

Cor. 1. Conversely, if the two straight lines AP,
DE are perpendicular to the same plane MN, they are

parallel : For if they are not, let a line be iawii
through D parallel to AP, this line will be perpendi-

cular to the plane MN ; therefore through the same
point D, two perpendiculars can be drawA to the same
plane, which is impossible, (2 Cor. 4.)

CoR. 2. Two straight lines A and B parallel to a

third C, though not in the same plane, are parallel to one
another ; for suppose a plane perpendicular to the line

C, the lines A and B, which are parallel to C, will be
perpendicular to this plane ; therefore by the preceding

•orollary, they will be parallel to one another.

Prop. VI. Theor.

Two planes MN, PQ perpendicular to the same Fig. Us.
straight line AB, are parallel to each other.

For if they could meet, let O be one of their com-
mon points ;

join OA, OB ; then, because AB is per-

pendicular to the two planes, the angles OAB, OBA
are right angles (Def. 1.); therefore OA, OB are

two perpendiculars from the same point on the same
straight line, which is impossible ; therefore the planes

cannot meet, that is, they are parallel.

Prop. VII. Theor.

The intersections EF, GH of two parallel planes MN, pj. j^
PQ, with a third plane FG, are parallel.

For if the lines EF, GH situated in the same plane,

be not parallel, they woxild meet if produced ; there-

fore, the planes in which they are would also meet, and
consequently would not be parallel.

Prop. VIII. Theor.

A straight line AB perpendicular to a plane MN, is Fig. U2.
also perpendicular to any plane PQ parallel to M N.

From B draw any straight line BC in -the plane PQ,
and let a plane passing through BC and AB meet the

plane MN in AD, then AD will be parallel to BC,
2f
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Of Planes (7.) Now AB ia periiendicukr to AD one of two pa-

and solid ^aWe] lines AD, BC, therefore it is perpendicular to BC
Angles.

t,,g „tj,er line^ (21. 1. Parti.); and since BC is any
^"^"""'^

line drawn from B in the plane PQ. it follows that AB
is perpendicular to the plane PQ, (Uef. 1.)

Prop. IX. Theor.

Fig. 143. Parallel straight lines EG, FH intercepted between

two parallel planes MN, PQ are equal.

Let a plane EGHF pass through the parallel lines,

so as to meet the parallel planes in the lines EF, GH ;

these are parallel to each other (7.), as well as EG, FH;
therefore EFHG is a parallelogram, and hence EG r:

FH.
Cor. Parallel planes are every where at the same

distance from each other ; for if EG and FH are per-

pendicular to the two planes, they are parallel (1 Cor. 5.),

and therefore are equal.

Prop. X. Tiieor.

Fig. 1 W. If t^o straight lines CA, EA meeting one another,

be parallel to two others DB, FB that meet one ano-

ther, though not in the same plane with the first two ;

the first two and the other two shall contain equal angles;

and the plane passing through the first two, shall be

parallel to the plane passing tlirough tlie other two.

Take AC = BD, AE = BF, and join CE, DF, AB,
CD, EF. Since AC is equal and parallel to BD, the

figure ABDC is a parallelogram, (28. 1. Part I.) ;

therefore CD is equal and parallel to AB. For a like

reason, EF is equal and parallel to AB ; therefore also

CD is equal and parallel to EF. The figure CEFD is

therefore a parallelogram, and thus the side CE is equal

and parallel to DF; therefore the triangles CAE, DBF
are equal (}1. 1. Part I.) and the migle CAE=DBF.

In tlie next place, the plane ACE is parallel to the
jilanc BDF ; for if tlie plane passing through A paral-

lel to BDF could meet the two lines DC, FE in any
other points than C and E, for example in G and H,
then the three lines AB, DG, FH would be equal (9.),
and thus DG would be equal to DC, and FH to FE,
which is absurd; therefore the plane AEC is parallel

toBFD.

Prop. XI. Theor.

Pig. Ml. If three straight lines AB, CD, EF not situated in

the same plane, are equal and parallel, the triangles

ACE, BDF fonned by joining the extremities of these
lines are equal, and their planes parallel.

For since AB is equal and parallel to CD, the figure
ABDC is a parallelogram, therefore the side AC is

equal and parallel to BD ; in like manner, it may be
shewn that the sides A E, BF are equal and parallel, as
also CE, DF ; therefore the two triangles CAE, BDF
iu-e equal; it may be demonstrated, as in the last pro-
position, that their planes are parallel.

Prop. XII. Theor.

If two straight lines be cut by parallel planes, they
shall be cut in the same ratio.

Fig. 14& Let the straight line AB meet the parallel planes

Ol" Plan.

and suSjIi

ADgleti

Fii?. 14tl

U

MN, PQ, RS in A, E, B ; and let the line CD meet

the same planes in C, F, and D; then shall AE : EB :

:

CF : FD.
Draw AD to meet the plane PQ in G, and join AC,

EG, GF, BD ; the intersections EG, BD of the paral-

lei planes PQ, RS with the plane ABDarepar.allel (T.J,

therefore AE : EB : : AG : GD, (15. 4. Part I.) In

like manner, the intersections AC, GF are parallel,

therefore AG : GD : : CF : FD ; hence, because of the

common ratio AG : GD, we have AE : ED : : CF : FD.

Prop. XIII. Theob.

If a straight line AP be perpendicular to a plane

M\, every plane APB, whicli passes along A P, shall

be perpendicular to the plane MN,

Let BC be the intersection of the planes AB, MN.
In the plane MN draw DE perpendicular to BP; then,

because AP is perpendicular to every line drawn from

P in the plane MN, the angles APD and APB are right

angles ; but the angle APD formed by the two perpen-

diculars PA, PD is the angle of the planes AB, MN
(Def. 4.), therefore the two planes are perpendicular to

one another, (Def. 5.)

Scholium. When three straight lines, such as PA,
PB, PD are pei-pendicular to each other, each line is

perpendicular to the plane of the other two, and the

three planes are perpendicular to one another.

Prop. XIV. Theor.

If a plane AB be perpendicular to a plane MN, and Fig

in the plane AB a straight line TA be drawn perpendi-

cular to their common intersection PB, the line PA
shall be perpendicular to the plane MN.

In the plane MN, draw PD perpendicular to PB ;

then because the planes arc perpendicular to each other,

the angle APD is a right angle ; therefore A I' is per-

pendiculai- to the lines PB, PD; consequently it is per-

pendicular to their plane.

Cor. If the plane AB be perpendicular to the plane

MN, and through P, any point in their common inter-

section, a perpendicular be drawn to the plane MN,
this perpendicular shall be in tlie plane AB. For if it

is not, a line AP might be drawn in the plane AB
perpendicular to PB, the common intersection of the

planes, which at the same time would be perpendicular

to the plane MN ; thus, from the same point P, there

would be two perpendiculars to a plane MN, which is

impossible, (2 Cor. 4.)

Prop. XV. Theor.

If two planes AB, AD be perpendicular to a third pjg. xj,

MN; their common intersection AP is perpendicular to '

the third plane.

For a perpendicular to the plane MN at P, the point

in which it meets the two planes AB, AD must be in I

both these at the same time, therefore it is their com- '

mon intersection AP.
I

Prop. XVI. Theor.
\

If a solid angle be formed by three plane angles, the I

sura of any two of them is greater than ^he tliird. I

I

i
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U7.

UP,

It is sufficiently cvitlent, that the sum of the /»rcotcst

of the three, nnd either of the other two, is greater than

the remaininjEr anfrlc, anil it is only necessary to prove

that the sum of the angles AVC, UVC, neither of whicli

is the fj;reatest, exceeds the greatest angle AVB.
In the plane AVU, make the angle BV"D=:BVC ;

take any two points A, B, in the lines VA, VB, and draw
ADD ; take VC=VD, and join AC, BC. And because

BV is common to the triangles, VBD, VBC, and VC=
VD, and the angle BVD=BVC, therefore BD=:BC ;

now AB, or AD-f BD, is less than AC+ BC, therefi)ru

taking away the common side DB, there remains AD-=il

AC. The two triangles AVC, AVD, have AV com-
mon, VC=VD and the base AC^::='AD, therefore (con-

verse of 10. 1. Parti.) the angle AVCt=-AVD, ami

AVC-i-CVB-^AVD-HDVB, that is -p^AVB.

Prop. XVII. Theor.

The sum of all the plane angles which form any solid

angle is less than four right angles.

Let the solid angle V be cut by any plane ABC'DE
;

from a point O taken in this plane, draw to all its angles

the lines OA, OB, OC, OD, OE. The sum of the an-

gles of the triangles AV B, BVC, &c. formed about the

vertex V, is equivalent to the sum wf the angles ofa like

number of triangles AO B, HOC, &c. formed about the

}>ointO; but at the point B, the angles OBA, OBC
taken together, make the angle ABC less than the sura

of the angles VBA, VBC ( 16.) ; in like manner at the

point C, we have OCB.|-OCD.<:ilVCB+VCD, and so

on with all the angles of the polygon ABCDE. Hence
it follows, that in the triangles of which the vertex is O,
the sum of the angles at the bases is less than the sum
of the angles at the bases of the triangles, which have
their vertex iit V ; therefore, by compensation, the sum
of the angles about the point O, is greater than the sum of
tlic angles about the point V ; but the sum of the angles

about O is equal to four right angles ; therefore the sum
of the plane angles which form the solid angle about
the point V, is less than four right angles.

Scholium. This demonstration supposes, that the so-

lid angle is convex, or that the solid angle lies all on one
side of the plane of any one of its faces ; if it were other-

wise, the sum ofthe plane angles would not be limited.

Pnop. XVIII. TiiEoR.

If two solid angles be composed of three platie angles
which are equal, each to each, the planes in which these

angles are, have the same inclination to one another.

Let the angle CAD=carf, the angle CAB:=.c a b,

ami the angle BAD=:6 a rf ; the two planes CAB, DA B
shall have to each other the same inclination as the planes
c a h, dab.
Take B any point in AB, and in the planes BAG,

BAD, drawBC and BD perpendiculars to AB, and join
CD; then the angle CBD is the inclination of the
planes BAC, BAD, (Def. 4.) Again, take a b=AB,
oml in the planes bac, had draw b c and b d perpen-
diculars to ab, and join cd; then the angle cbd is the
inclination of the planes bac, b a d.

The triangles BAC, bac, have the angle BAC=6 « c,

the angle CBA=rc b a, also the side ABzia b ; therefore
the triangles are equal, (7. 1. Parti.) and BC=6 c, also

ACzra c. In the same way it may be proved, that the tri-

angles BAD, 6 n f/ are equal, and therefore th«t BD=bd, Of Saltft

also AD=rt d. The triangles CAD, cad, have therefore ^•^** *'

CA=:ca, AU=rt f/, and the angleCAD=cnrf; hence _y*"**|_.

CD=cd. Now the triangles CBD, c6rf having CB= ^ t -

c b, DQ=db, and the base CD=cf/, the angle CBD will

l>e equal to the angle cbd; that is, tlie inclination of

the plane B.AC to the plane BAD, is equal to the in-

clination of the plane bac to the plane b n d. In the

same way it may be proved, that the other pknes are

equally inclined to one another.

Scholium. If the three plane angles which contain

the solid angles, besides being equal each to each, are

also disposed in the same order as in Fig. 149, the solid

angles will coincide when applietl the one to the other,

and tliey will be equal. But if the plane angles are

disposed in a conlrari/ order, as in Fig. 150, the so-

lid angles will not coincide, although the theorem is

alike true in both cjiscs. However, in the latter case

as well as in the former, the solid angles must be ac-

counted equal, seeing that they are equal in every thing

that determines their mi^itucle. This kind of equa-

lity, which does not admit of superposition, and on that

account is not absolute, may be distinguished from the

other, by calling it vqnaliti) by reason of symmetry ; and
two solid angles, which are contained by three plane

angles, having the same magnitude in each, but placed

in a contrary order, may be called symmetrical angles.

What is here said, will apply to solid angles contained

by any nunber of plane angles,

SECTION n.

Of Solids bounded by Plaxes.

Definitions.

1. A solid is that which has length, breadth, and DefiniUons.

tliickness.

'Z.\ prism is a solid contained by plane figures, of which
two that are opposite are equal, similar, and parallel to

one another, and the others are parallelograms.

To construct this solid, let ABCDE be any rectiline- Fig. ISi/

al figure, ( Fig. 151.) In a plane parallel to ABC dr.iw

the lines EG, GH, HI, &c. parallel to the sides A B, BC,
CD, &c. thus there will be formed a figure FGHIK, si-

milar to ABCDE. Now let the vertices of the corre-

sponding angles be joined by the lines AF, BG, CH,
&c. the faces ABGF, BCHG, &c. will evidently be pa-
rallelograms, and the solid thus formed will be a prism.

•S. I'lie equal and parallel plane figures ABCDE.
FGHIK, are called the bases of the prism. The other

planes, or parallelograms, taken together, constitute the

lateral or convex surface of the prism.

4. The altitude of a prism is the distance between its

bases ; and its length is a line equal' to any one of its la-

teral edges, as AF, or BG, &c.

5. A prism is ris;ht, when the lateral edges AF, BG,
&c. arc perpendicular to the planes of its bases ; then
each of tliem is equal to the altitude of the prism ; in

every other case the prism is oblique.

6. A prism is triangular, quadrangular, pentagonal,

&c. according as the base is a triangle, a quadrilateral,

a pentagon, &c.

7. A prism which has a parallelogram for its base,

has all its faces parallelograms, and is called a /)ar<i//<r/o-

piped, (Fig. 15'2.) A parallelopiped is rectangular, pjg. jjf,

when all its faces are rectangles.

8. When the faces of a rectangular parallelopiped are

squares, it is called a cube.

5
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PUnes.

Fig. US.

Of Soliils 9. A pyramid is a solid formed by several triangulav

bounded by planes, which meet in a point V, (Fig. 148.) and ter-
"'"""'

minate in the same plane rectilineal figure AliCDE.

The plane figure ABODE is called the base of the

pyramid ; the point V is its vertex ; and the triangles

AVB, BVC, &c. taken together, form the convex or la-

teral surface of the pyramid.

10. The alliltide of a pyramid, is tlie perpendicular

drawn from its vertex to the plane of its base, produced

if necessary.

11. A pyramid is /ri'rtw^^uZar, quadrangular, &c. ac-

cording as its base is a triangle, a quadrilateral, &c.

12. A pyramid is regular, vfhen its base is a regular

iigure, and the perpendicular from its vertex passes

through the centre of its base ; that is, through the cen-

4.re of a circle that may be described about its base.

13. Two solids are similar, when they are contained

, -by the same number of simitar planes, similarly situa-

tied, and having like inclinations to one another.

Prop. I. Theorem.

Two prisms are equal, when three planes, which con-

tain a solid angle of the one, are equal to three planes

wliich contain a solid angle of the other, each to eacli,

and are similarly situated.

.-Fig. 151, Let the base ABCDE be equal to the base abcde;
the parallelogram ABGF equal to the parallelogram

a bgf, and the parallelogram BCHG equal to the pa-

rallelogram hchg; then shall the prism ABCDE-
FGHIK be equal to the prism abcde -fg h i k.

For if the base ABCDE be placed upon its equal

abcde, they will entirely coincide ; and because the

three plane angles which form the solid angle B are

equal to the three plane angles which form the solid

angle b, each to each, namely, ABC=n b c, ABG=a hg,

y andGBC=g6c; and besides, these angles are similar-

ly situated ; the solid angles B and b shall be equal
"

(18. 1.), and consequently the side BG will fall on bg.

Also, because of the equal parallelograms ABGF, a b gf,
the side GF will fall on its equal gf, and, similarly,

GH on gh: Therefore the upper base FGHIK will co-

incide entirely with its equal_/'g A ik, and the two so-

lids will coincide entirely, and be equal to one another.

Cor. Two right prisms whicli have equal bases and
equal jJtitudes are equal to one another.

If tlie equal angles of the lower bases follow each

other in the same order, then the three planes which
contain each solid angle of the one prism will be respec-

tively equal to three planes which contain a correspond-

ing solid angle of the other, and will be similai-ly situated;

and when the one solid angle is applied to the other,

these planes will coincide, and the prisms will exactly

coincide. If the equal angles of the lower bases follow

each other in a contrary order, then, by inverting one
of the prisms, so that its upper may become its lower
base, the angles of the two bases will then be placed in

the same order, so that in either case the prisms coin-

cide, and are equaL

Prop. II. Theor.

In every parallelopiped, tlie opposite planes are equal
and parallel.

"Fig. 158, From the definition of this solid, the bases ABCD,
EFGH are equal parallelograms ; and their sides are
parallel: it remains therefore to demonstrate tliat tlie

l-lanes.

same is true for two opposite lateral faces, such as ^i solids

AEHD, BFGC. Because the figure ABCD is a paval- b"ur,ded b

lelogram, AD is equal and parallel to BC ; and for a

like reason AE is equal and parallel to BF ; therefore

the angle DAE is equ;d to the angle CBF (10. 1.) and

the i)lane DAE is parallel to the plane CBF ; tlierefore

ftlso the parallelogram DAEH is equal to the parallel-

o"ram CBFG. In like manner, it may be demons

strated that the opposite parallelograms ABFE, DCGH
are equal and parallel.

Cor. Any two opposite faces of a parallelepiped

may be taken for its bases.

Prop. III. Lemma.

In every prism ABCDE-FGHIK, the sections Fig. ijii

NOPQR, STVXY made by parallel planes are equal

polygons.

For the sides NO, ST are parallel, (7.1- ) because

the two parallel planes are cut by a third plane ABGF;
these same sides NO, ST are comprehended between

the parallels NS, OT, which are sides of the prism ;

therefore NO=ST; for a like reason the sides OP, PQ,
QR, &c. of the section NOPQR are respectively equal

to the sides TV, VX, XY, &c. of the section STVXY

:

Besides, these equal sides being at the same time pa-

rallel, it follows that the angles NOP, OPQ, c. of the

first section are respectively equal to the angles STV,
TVX, &c. of the second section. Therefore the two
sections NOPQR, STVXY are equal polygons.

Cor. Every section of an npriglit prism by a plane

parallel to the base is equal to that base.

Prop. IV. Theor.

If a parallelopiped AG, be cut by a plane, passing Fig. IS

through BD, FH, the diagonals of two of the opposite

planes, it will be cut into two equivalent prisms^

BAD-EFH, BCD-FGH.

Through B and F, the extremities of one of the sides,

draw the planes B « rf c, F e hg perpendicular to BF
to meet the three other sides of the solid in a, d, c, and
in e, h,g; these sections are equal (3.), because the

planes are perpendicidar to FB, and therefore parallel.

They are also parallelograms (7. 1.), because the op-

posite sides of the same section, a^, d c are the inter-

sections of two parallel planes ABFE, DCGH, by the

same plane.

For a like reason, the figure B (7 e F is a parallelo-

gram, as also the other lateral faces BF gc, c d h g,
a d h e, of the solid B a dc-F ehg ; therefore this so-

lid is a prism (Def 2.), and it is a right prism, because

BF' is perjiendicular to the plane of its base.

This being premised, and it being observed that the

riglit prism B h is divided into two right triangular

prisms a B d-e F k, c B d-g F /(, we shall now de-

monst)-ate that the oblique triangular prism ABD-
EFH is equal to the right triangular prism aB d-

eF h : In fact, these two prisms have a common part

ABD-e F /;, therefore it is only necessary to prove

that the remainders, viz. the solids B a AD d,F e EH h,

axe equivalent to each other.

Because BAE F, B a e F, are parallelograms, we have
AE=BF= rt e, therefore A <i=E e : In like manner, it

may be proved that Drf=rH/(: Conceive now that

F ch, the base of the solid F e EH h, is placed onaBd,
the base of the solid B a AD d ; then the point c falling
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oil (I, and h on d; the lines c E, /* H will coincide with

tlii-ir equals, a A, d 1), because they are perpendiculars

to tlie s«ine plane : Therefore the two solids in ques-

tion will coincide entirely, the one with tlie other, and

hence it follows tliat the ohlique prism BAD-FEH
is equivalent to the right prism B a d-V e h.

In tlie same manner it may be demonstrated, that

the oblique prism 1}CD-F(;H is equal to the right

prism Vicd-Y g h ; but the two right prisms are equal

(Cor. 1), since they have the same altitude, and
their bases are eqiul, tlicy being halves of the same
parallelogram, therefore the two triangular prisms

BAU-FEII, IJCD-FOH which are equivalent to these

are equivalent to eacii other.

CoR. Every triangular prism ABD-EFH is half a

paralielopiped AC!, having the same solid angle A, with

the same edges AB, AD, AE.
Scholium. Although the triangular prisms into

which the oblique panillelopiped is divided are con-

tained by equal planes, and liave their solid angles

equal, yet they cimnot be made to coincide. The rea-

son is, that the plane angles about tlie corresponding

solid angles in the two prisms are not placed in tlie

same order. These solid angles are therefore xymmclri-

cal, and cannot be brought to coincide. (18. 1
.
) Two

prisms, or two solids of any kind so constituted, are

called symmetrical solids. An exact notion of their re-

lation to each other may be acquired by considering

that any object and its image reflected from a mirror

arc si/mmiiricnt figures. They resemble each other

exactly, but every part is placed in a reverse order

;

thus the reflected imige of a right hand is a left hand.

In symmetrical solids, every circumstimce upon which
the magnitude of either depends, is the very same in

both, hence their eqnivnlence might even be assumed as

an axiom in solid geometry.

Prop. V. Theob.

If two parallelopipeds, AG, AL, have a common base

ABCD, ami their upper bases EFCill, IKLM in the

same plane, and between the same parallels EK, HL ;

these two parallelopipeds are equivalent to each other.

There may be three cases, according as EI is greater

or less than EF, or equal to it, but the demonstration
is the same for thrm all. In the first place, the tri-

angular prism AEI-DHM is equal to the triangular

prism BFK-CGL ; for since AE is parallel to BF,
and EH to FG, the angle AEI = BFK, and HEI =
GFK, and HEA=:GFB; of these six angles, the three
first form the solid angle E, and tlie three others form the
solid angle F ; therefore, since the plane angles are
equal, each to each, and similarly situated, the solid

angles E and F are equal : and if the prism AEI-
DHM be placed on the prism BFK-CGL, so that the
base AEI may be on tlie base BFK, these being mani-
festlj' equal, they will coincide ; and since the solid
angle at E is equal to the solid angle at F, the side EH
will fall on its equal FG, and coincide with it ; thus the
planes which form the solid angles E and F will coin-
cide, and the prisms will be equal (1.) : Now if from the
whole solid contained between the trapezoids AEKB,
DHLC, there be taken the prism AEI-DHM, there
will remain the parallelepiped AIL, and if from the
same solid there be taken the prism BFK-CGL, there
will remain the paralielopiped AEG; therefore the
two parallelopipeds AIL, AEG are equivalent to one
another.

3

Pnop, VL Theor.

Of Solid*

bounilcd by

PUoet.

Tw o p!iraIlclopipc<ls of the same base and the same
altitude arc e(|uivalent to one another.

Let ABCD be the common base of the two parallelo- Fift 15*>

pipeds AG, AL; since they have tlie same altitude,

their upper bases EFGH, IKLM will be in the same
plane ; also the sides EF, AB are equal and parallel,

and the same is also true of IK and AB ; therefore EP'
is equal and parallel to IK; for a like reason GF w
equal and parallel to LK. Let the sides EF and HG
be produced, as also the sides LK and IM, so as to form
by their intersection the parallelogram NOPQ; it is

evident that this parallelogram is equal to each of the

bases EFGH, IKLM. Now if we suppose tliat there

is a third paralielopiped, which, with the same lower
base as the other two, has for its upper base NOPQ

;

this third parallelopipetl will be equivalent to the pa-

ralielopiped AG, (5.) and for a like reason it will be
equivalent to the paralielopiped AL; therefore the two
parallelopipeds AG, AL, which have the same base^

and the same altitude, are quivalent to one another.

Prop. VII. Theor.

Every p.arallelopiped is equivalent to a rectangular'

paralielopiped which has the same altitude and an equi-

valent base.

Let AG be the proposed paralielopiped ; from the pj- 15^
points A, B,C, D, draw AI, BK, CL, DM, perpendi-

cular to the plane ABCD, and terminating in the plane
of the upper base, and join IK, KL, LM, MI ; thus
there will be formed a par llelopiped AL equivalent to

theparallelopiped AG, and of which the lateral faces AK,
DL are rectangles. If the base ABCD is also a rect-

angle, AL will be a rectangular paralielopiped equiva-

lent to the proposed parallelepiped AG ; but if it is not,

(Fig. 157.) draw AO .wd BN perpendicular to CD, Fig. 157.

and OQ and NP perpendiculars to the upper base,

thus there will be formed a solid ABNO-IKPQ,
which will be a rectangular paralielopiped. For, by
construction, the base ABXO, and its opposite IKPQ
are rectangles, as also the lateral faces, because the edges
A I, OQ are perpendicular to the plane of the base;

therefore the solid A P is a rectangular paralielopiped.

But the two parallelopipeds AP, AL may be consider-

ed as having the same base ABKI, and the same alti-

tude AO ; therefore they are equivalent ; wherefore the
paralielopiped AG, which was first transformed to the

equivalent solid AL (Fig. 156.) is now reduced to the Fig. 14«.

equivalent rectangular paralielopiped AP (Fig. 157.) pj™. 157.
which has the same height AI, and a baseAONB equi«

valent to the base ABCD.

Prop. VIII. Theor.

Two rectangular parallelopipeds AG, AL, which „.

have the same base ABCD, are to one another as their '^' '

altitudes AE, A I.

Let us suppose that AE contains some part of AI a
certain number of times exactly, for example, let it con-

tain the third part of A I five times, and let these equal

parts be A p, p q, q\, I r, r F : Let planes be supposed
to pass through p, q, r parallel to the common base

;

these will divide the solid AG into five parallelopipeds.
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Of Soluls wliich will be equal, because they have equal bases
bounded ^q y a^j equal altitudes, and the solid AL will contain
byPlanes^

three of these parallelepipeds : thus the parallelepiped

' ~ AG will contain a part of the parallelepiped AL exact-

ly as oiflen as the altitude AE of the former contains a

like part of the altitude A I of tlie latter, therefore the

solids AG, AL have to each other the same ratio as

their altitudes AE, AI.
When the altitudes are incommensurable, it may still

be inferred that the ratio of the solids is the same as

that of their altitudes, for the reasons assigned in the

conclusion of Sect. IIL Part L

Pnop. IX. Theor.

Fig, lo!>. Two rectangular parallelopipeds AG, AK, which

have the same altitude, are to one another as their bases.

Suppose the solids placetl side by side, as in the Fi-

gure : Produce the plane ONKL, until it meet the plane

DCGH in the line PQ ; thus there will be formed a third

parallelepiped AQ, which may be compared with the

other two. The two solids AG, AQ, having tlie same
base AEHD, are to each other as their altitudes AB,
AO (S. ) In like manner the two solids AQ, AK, ha-

ving the same base AOI^E, are to one another as tlieir

altitudes AD, AM : But the rectangles AC, AP, ha-

ving the same breadth, are also to each other as AB to

AO, (3. 4. Part 1.) and similarly, the rectangles AP,
AN are to each other as AD to AM ; therefore

sol. AG : sol. AQ : : base AC : brtse AP,
.'oZ. AQ : sol. AK : : base AP : base AN

;

therefore, e.r csquo,

sol. AG : sol. AK : : base AC : base AN.

Prop. X. Theor.

Ahy two rectangular parallelopipeds are to eaeh other

as the products of niunbers proportional to tlieir bases

and altitudes ; or as the products of the numbers which
express their three dimensions.

Fig. 1 59. Let the two rectangular parallelopipeds AG, AZ be
so placed, that their surfaces may have a common angle
BAE; and let their bounding planes be produced, so
as to form a third parallelepiped AK, having the same
altitude as the solid AG. By the last proposition,

sol. AG : sol.AK : : base AC : base AN ;

and by Prop. 8,

sol. AK : sol. AZ : : AE : AX.
Now, if we consider the bases AC, AN as measured

by numbers, and also their altitudes AE, AX, we shall

have by Prop. 1. Sect. 3. Part 1,

base AC : base AN : : AE x base AC : AE X base AN,
and AE : AX : : AE X base ATS! : AX x base AN

;

therefore,

sol. AG : sol. AK : : AE X ba.ie AC : AE x base AN,
sol. AK : sol. AZ : : AE x base AN : AX x base AN.
From these two proportions, we have, ex wouo,

sol. AG : .wl. AZ : : AE X base AC : AX x base AN.
By substituting in this proportion instead of the ba-

ses AC, AN, their numerical values AD x AB and
AM X AO, we have also
so'. AG : sol. AZ : : AD X AB x AE : AM x AO x AX.

Scholium. Hence it appears that the product of the
numbers which express the base of a rectangular paral-
lelopiped, and its altitude, or the product of the num-
bers which express its three difnensions, may be taken

as its numerical measure : For, if the length of the solid

be equal to five times a certain line, which is consider-

ed as an unit, its breadth three times that unit, and its

height seven times the same unit ; then the parallclopi-

petl will be to a cube, whose side or edge is that unit,

as 5 X 3 X V to 1 X 1 X 1, that is as 5 x 3 X 7 to 1 :

Hence the jiarallelopijied will be equivalent to 5 X 3 X 7
= 105 times a cube whose side is unity.

The magnitude of a solid, its bulk, or its extension,

constitutes what is called its solidilij or its content. Thus
we say tliat the solidity or content of a rectangular pa-

rallelepiped, is equal to the product of its base by its

altitude ; or to the product of its three dimensions.

Prop. XI. Theor.

The solidity of a parallelepiped, and, in general, the

solidity of any prism, is equal to the product of its base

by its altitude.

1. For any parallelepiped wliatevcr is equivalent to

a rectangular parallelopiped of the same altitude, and an
equivalent base (7.); and the solidity of this last has

been pi-oved to be equal to the product of its base by
its altitude ; therefore the solidity of the other is also

the product of it? base by its altitude.

2. Every triangular prism is half a parallelopiped,

which has the same altitude, and a base twice that of

the prism ; but the solidity of this last is equal to the

product of its base by its altitude ; therefore the solidi-

ty of the prism is the product of its base (half that of

the parallelopiped) by its altitude.

3. Any prism whatever may be divided into as many
triangular prisms of the same altitude, as there can be
triangles in the polygon which forms its base : now the

solidit}- of each prism is the pi-oduct of its base by its

altitude, which is common to them all; therefore the

sum of their solidities is equal to the sum of their bases

multiplied by the common altitude ; that is, the solidity

of the whole prism is equal to the product of its base by
its altitude.

Con. Two prisms, which have the same base, are to

each other as their altitudes ; and two prisms, which
have the same altitude, are to each other as their bases.

Let B and A be the base and altitude of a prism P,

and b and a tlie base and altitude of another prism p ;

then since P=B x A, and ;)=6 X «. we have P ; ;; : :

B X A : & X n, therefore if A=rt, then P : 7) : : B : b;

and if 'S>= b, then V : p : : A : a.

Nolc. The cube of a line A B is sometimes expres-

sed thus, ABxABxAB, but moi-e commonly thus,

(AB)5, orthus, AB'.

Prod. XII. Theor.

Similar prisms are to one another as the cube of tlieft- I

homologous sides.

Let P and p be two prisms, of which BC, b c are the

homologous sides ; the prism P is to the prism p as tlie

cube of BC to the cube otbc. From A and a, homolo^

gous angles of the two prisms, draw AH, ah perpendica'-

lar to their bases, BCD, bed. Join BH, take Ba=6 a,

and in the plane BHA draw a h pei-pendicular to BH ;

then a h shall be perpendicular to the plane CBD (13.

and 14. 1.) and equal to ah, the altitude of the other

prism ; for if the solid angles B arnl b were applied the

one to the other, the planes whicn contain them, and
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consequently the perpendiculars a h, d h, would coin-
cide (Schol. 18. I.)

Now, because of the similar triangles ABH, a b h,

and the siiuiLtr figures AC, ac, we have
AH:n/»:: AB.ai::UC:6c;

and bcc.-.Mse of the similar bases,

l>a.K BCD : bnae bed:: BC= : Ac» (23. *. Part 1.)

From these two proportions, by considering all the

quantities as represented by numbers, we get, (by Prop.
1. Sect. ;?. Part 1.)

AH X base BCD : a /i X base BCD : : BC : i c X BC«,
a /; X biixe BCD : o A X base b c d:: b cx BC : A c'

;

therefore, c.v wquali,

AH X <!-<»•«<-' BCD -.a hx base bed: -.BC^ibcK
But AH X base BCD expresses the solidity of the prism
P ; and a It X base bed expresses the solidity of tlie other
prism p, therefore,

prixm P -.prism p : : BC : b c^.

CoR. Similar prisms are to one another in tlie tri-

plicate ratio of their homologous sides. For let Y and
7. be two lines, such, that BC : be : : b c lY, and b c :

Y : : Y : Z ; then the ratio of BC to Z is triplicate of
the ifatio of BC to 6c ( 12. Def. Sect. 3. Part 1.) But
since BC : 6 c : . be:Y, therefore BC» :bc-::b e'' : Y%
(23. 4. Part I.) and, multiplying the antecedents by
BC, and the consequents by be, BC :Ac' : : BC X
b e^ : b c X Y' : BC X b e :Y' ; but Y-'=J c x Z (22. 4.

Part. 1.) ; therefore BC ' : 6 c' : : BC x i c : A c x Z :

:

BC:Z. But BC : be'' :: prism V : pristn p, theretore
the prisms have to each other the ratio of BC to Z, that
is, tne triplicate ratio of BC to b e.

Prop. XIII. Theor.

If a triangular pyramid A-BCD be cut by a plane
})araUel to its base, tlie section FGH is similar to the
base.

For because the parallel planes BCD, FGH arc cut
by a third plane ABC, the sections FG, BC are paral-

lel (7- 1.) In hke manner it appears that FH is paral-

lel to BD ; therefore the angle HFG is equal to the

angle DBC (10. 1.) And l)ecause the triangle ABC is

similar to the triangle AFG, and the triangle ABD is

similar to the ti'iangle AFH, we have
BC : BA : : FG : FA,

and BA : BD : : FA : FH.
Therefore, cx a-quali, BC : BD : : FG : FH ; now the
angle DBC has been shewn to be equal to the angle
HFG ; therefore the triangles DBC, HFG are eqiuan-
gular (20. 4. Part 1.)

Prop. XIV. Tiieor.

If two triangular pyramids A-BCD, a-bcd, which
have equivalent bases, and equal altitudes, be cut by
planes that are parallel to the bases, and at equal dis-

Unces from them ; the sections FGH, fg h will be
equal.

Draw AKE, ake perpendicular to the bases BCD,
bed, meeting the cutting planes in K and k ; tlien, be-
cause of the parallel planes, we have AE : AK : : AB :

AF, anAae: ak :: ab: a/ (12. 1.) ; but, by hypotlie-
sis, AE=a e, and AK=a k ; tlierefore, AB : AF : : a /) :

of; again, because of similar triangles, AB : AF :

:

BC : FG, andab : af: : bc-.fg; therefore, BC : FG :

:

hc:fg; and hence BC^* : FG'- : : i c^ : foi (23. 4. Part 1
.)

but because of tlie similar tjianglcs BDC, FHG, CC^ :

Of SoViM
bounded by

l'l;.::.!s.

Fig. 162.

FGi : : Irian. BDC : Iriatt. FHG, and in like manner

be-:fg':: Irian, bed : Irian. /gh {^5. 4. Part. 1.)

therefore

Irian. BCD : Irian. FGH : : Irian, bed : Irian,fg b.

Now Irian. M'Uzzlrian. bed (by hypothesis) therefore

the triangle FHG is equal to the triangle /'/( 5.

ScnoLiuM. It is easy to sec, that what is proved in

this and the preceding Proposition is also true of poly-

gonal pyramids.

Prop. XV'. Tueob.

A series of prisms of the same altitude ip^y be in-

scribed in a pyramid, and another series may be cir-

cumscril)ed about it, which sliall exceed the otlier by
less than any given solid.

Let A-BCD be a pyramid, and let AC, one of its

lateral edges, he divideil into some number of equal

parts, at the points F, G, H ; through these, let plane?

pass parallel to the base BCD, making with the side*

of the pyramid the sections QPF, SRG, UTH ; which
will be similar to one another and to the base (13.)

From B, in the plane of the triangle ABC, draw BK
parallel to CF, meeting FP |)rodoced in K; in like man-
ner, from D draw DL parallel to CF, meeting FQ pro-

duced in L ; join KL, and the solid CBD-FKL will

evidently be a prism. By the same construction, let

the prisms PM, RO, TV be described: Also let the

straight line I P, which is in the plane of the triangle

ABC, be produced till it meet BC in /(, and let MQ be

produced till it meet DC in g ; join hg, then C /i g-
FPQ will be a prism, and be equal to the prism PM.
In the same manner is described thepri*m m S equal to

the prism RO, a«d the prism
<f
U equal to the prism

TV. I'herefore the sum of all the inscribed prisms

b Q, K/ S, and 17 U is equal to the sum of the prisms

PM, RO, and TV ; that is, to the sum of all the circum-

scribed prisms, except the prism BL ; whereibre BL
is the excess of the prisms circumscribed about the py-
ramid above the prisms inscribed within it.

Let us now suppose that Z denotes some given solid

equal to a prism, which has the same base CBD as the

pyramid, and its altitude equal to a perpendicular from
E (a point in AC) upon the base. Then, however near

E may be to C, it will evidently be possible to divide

AC into such a number of equal parts, that one of thein,

CF, shall be less than CE ; and this being the case, the

prism BL will evidently be less than the prism whose
base is the triangle CBD, and iiltitude a perpendicidar

from E on the base BCD ; that is, less than the given

solid Z : Therefore the excess of the circumscrilied above
the inscribed prisms may be les» than the solid Z.

Cofi. Since the diflerence between the circumscribed

and inscribed prisms may be less than any given mag-
nitude, and the pyramid is greater than tlie latter, and
less than the former, it follows that a series of prisms may
be circumscribed about the pyramid, and also a series

of prisms may be inscribed in it, which shall differ from
the pyramid itself by less thjin any giveai solid.

PUOH. XVI. T.IEOR.

Pyramids that have equal bases and altitudes, are equal

to one another.

Let A-BCD, a-b e d he two pyramids that have pj ^^
equal buses BCD, bed, and equal altitudes; \ix. the

perpendiculars drawn from tbc vertices A sud a upou
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Of Solids tlie planes BCD, bed, the pyramid A-BCD is equal to

bounded by jjig pyramid a-b c d.
Planes. ^oY if they aie not equal, let Z represent the solid

'
'"^

which is equal to the excess of one of them, a-h c d, above

the other A-BCD ; and let a series of prisms CE, FG,
HK, LM, of the same altitude be circumscribed about

the pyramid A-BCD, so as to exceed it by a solid less

than Z, which is always possible (1.5.) ; also let a series

of prisms c e,fg, h k, I in, equal in number to the other,

and of the same altitude, be circumscribed aljout the

pyramid a-h cd. And because the pyramids have equal

altitudes, and the number of prisms described about

each is the same, the altitudes of the prisms will be all

equal, and the bases of the corresponding prisms in the

two pyramids, as EF, ef, will be sections of the pyra-

mids at equal distances from their bases, therefore they

are equal (14.), and the prisms themselves are equal

(1.), and the sum of all the prisms described about the

one pyramid is equal to the sum of all the prisms de-

scribed about the other pyramid. To abridge, put P
and p to denote the pyramids A-BCD, and a-b c d re-

spectively, and Q and q to express the sums of the

prisms described about them. Then, because by hy-

pothesis Z=p— P, and by construction Z ~^(l— P,

therefore p—P'^Q— P, hence p must be greater than

Q ; but Q is equal to q, therefore p must be greater

than q, that is the pyramid p is greater than q, the

sum of the prisms described about it, which is impos-
sible; therefore the pyramids P,^ are not unequal, that

is they are equal.

Prop. XVII. Theoh.

Every prism having a triangular base, may be di-

vided into three pyramids that have triangular bases,

and that are equal to one another.

I'ig. 164. Let ABC, DEF be the opposite bases of a triangular

prism; join AE, EC, CD; and because AF, is the di-

agonal of a parallelogram, the triangles ABE, ADE
are equal; therefore the pyramids C-ABE and C-ADE,
which have a common vertex C, and the triangles ABE,
ADE for their bases, will be equal (10'.) When these
are taken from the whole prism, there remains the py-
ramid C-DEF, which is equal to the pyramid C-ABE,
or E-ABC, for they have equal bases DEF, ABC, and
the same altitude, viz. the altitude of the prism ABC-
DEF. Therefore the three pyramids C-ABE, C-ADE,
and C-DEF, are equal.

Cou. 1. From this it appears, that every pyramid is

the third part of a prism, which has the same base and
^

'
the same altitude with it. For if the base of the prism
be any other figure than a triangle, it may be divided
into prisms having triangular bases.

CoR. 2. Pyramids of equal altitudes are to one ano-
ther as their bases ; because the prisms upon the same
bases, and of the same altitude, are to one another as
their bases.

I*ROP. XVIII. Theor.

Similar pyramids are to one another as the cubes of
their homologous sides.

Fig. 161,
If *^° pyramids be sunilar, it is evident from Def.

13. that the lesser may be placed in the greater, so that
they shall have a common solid angle A ; and then their
bases BCD, FGH will be parallel ; for since the homo-
logous faces are similar, the angle AFG = ABC, aiid

Of the
^

rountf

Udi;;

the angle AGH=ACD, and so on ; therefore the plane

FGH is parallel to the plane BCD: Hence, again, it

will follow, that a straight line AKE perpendicular to

the base of the one, will also be perpendicular to the

base of the other, and AE, AK, the altitudes of the

two pyramids, will h.nve to each olher the ratio of AB
to AF, or of BC to FG, &c. Now, let P represent a

right prism, having the same base BCD as the pyra-

mid A-BCD, and the same altitude AE, and similarly

let /) represent another right prism, having the same
base FGH as the pyramid A-FGH, and the same alti-

tude AK : Then these prisms will manifestly be con-
tained by the same number of similar planes, similarly

situated, and having a like inclination to each other,

therefore they will be similar (Def. 13.) and consequent-

ly P is to p as the cube of BC to the cube of FG ( 12.),

but the pyramids A-BCD, A-FGH are like parts of the
prisms (1 Cor. 17); therefore the pyramids are also

to one another as the cubes of their homologous sideo

BC, FG.

SECT. III.

Of the Three Round Solids.

<^ Definitions.

1. A cylinder is a solid figure, generated by the re- Definili

volution of a right-angled parallelogram, wliich re-

volves about one of its sides, that side remaining fixed,

(Fig. 165.) Fig.W
2. The cms of a cylinder is the straight line about

whicll the parallelogram revolves.

3. The bases of a cylinder are the circles described

by the two revolving opposite sides of the rectangle.

4. A cone is a solid figure generated by the revolu-

tion of a right-angled triangle about one of the sides

containing the right angle, whicJi remains fixed.

5. The axis of the cone is the straight line about
which the triangle revolves.

6. The base of the cone is the straight line generated
by that side cont.iining the right .mgle which revolves.

7. A sphere is the solid figin-e generated by the re-

volution of a semicircle about a diameter, which re-

mains fixed.

8. The axis of a sphere is the straigiit line about
which the semicircle revolves.

9. The centre of the sphere is the same with that of
the semicircle.

10. Similar cones and cylinders are those which have
the diameters of their bases and their axes propor-

tionals.

or the t

roiud

!

Uds.

Prop. I. Theorem.

If from any point E in the circumference of AEB,
the base of a cylinder, a straight line EF be drawn
perpendicular to the plane of the base, it will be whol-
ly in the cylindric superfices.

Let AGHD be the generating rectangle, and GH
the axis. Because in every position of the revolving
rectangle, the angle AGH is a right angle, GH is per-
pendicular to the plane of the base AEB ; therefore,
AD, the line which generates the cylindric superfices,

is in every position perpendicular to the plane of the
base (5. 1.), and consequently, when the revolving ra-

dius GA comes to the position GE, AD will coincide
with EF ; therefore EF is in the cylindric superfices.

Fig. 1^

I

J
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Pnor. II. TiiEOR.

A cylinder and a parallclopiped having equal bases

and altitudes, are equal to one another.

If the cylinder ABCD and parallelopiped EF, which

have equal bases, (viz. the circle A(iH and parallelo-

gram EH), and the same altitude, be not equal, let us

sup])ose that they ari> unequal, and first let the cylin-

der be less than the pai-allelopipetl. From EF, let a

parallelopiped EQ, equal to the cylinder, be cut off by

a plane I'Q parallel to NF. Let a polygon AGKBLM
be inscribed in the circle AGB so as to differ from it by

a less space than the parallelogram PH (6. 5. Part I.)

and let the parallclogi-am HO be equal to the polygon

AGKBLM; the point R will manifestly fall between

P and N. Now, if an upright prism, having the same
altitude as the cylinder, be formed on the polygon

AGKBLM as a base, and a soliil ES be cut off from

the parallelopiped EF by a plane RS parallel toNF;
the prism and solid ES will be equal (11. 2.) But the

prism being entirely contained within the cylinder, is

less than it ; therefore the prism is also less than the solid

EQ ; and consequently the solid ES is equal to a solid

which is less than EQ ; now this is impossible ; there-

fore the cylinder is not less than the parallelopiped EF.
In the same way it may be shewn not to be greater,

therefore the cylinder and parallelopiped having equal

bases and altitudes, are equal or equivalent to one ano-

ther.

Pnop. 111. Theor.

If a cone and cylinder have the same base and alti-

tude, the cone is the third part of the cylinder.

If a cone A-BCD be not the third part of a cylinder

BFKG, having the same base and altitude, it will be
the third part of a cylinder LMNO, having the same
altitude as the other, but a base either less or greater

;

and first, let the base LIM be less than the base BCD;
then, beciiuse the circle LIM is less than the circle

BCD, a polygon BECFD may be described in the lat-

ter, which shall differ fi'om it by less than its excess

above the circle LIM (6. 5. Part I.) ; wherefore this

polygon will be greater than the circle LIM. Let an
upright prism and pyramid be constituted on the poly-
gon BECFD as a base, and having the same altitude

as the cylinders; and because the cone A-BCD is the
third part of the cylinder LMNO, and this cylinder is

less than the prism BCD-GHK, because it has a less

base and the same altitude, therefore the cone A-BCD
is less than the third part of the prism BCD-GHK; but
the pyramid A-BECFD is the third part of the prism
(17- 2.) ; therefore the cone A-BCD is less than the
pyramid A-BCD : Now this is impossible, because the
pyramid being contained entirely within the cone, the
cone must be greater than the pyramid. Therefore the
cone A-BCD is not less than the third part of the cy-
linder BFKG. In the same manner, by circumscrib-
ing a polygon about the base of the cylinder, it may
be shewn that the cone is not greater than the third
part of the cylinder ; therefore it is equal to the third
part of the cylinder.

Prop. IV. Lemma.

Let ABDC be a plane figure, bounded by a straight
Ime CD, a line of any kind AB, which is tenninated by
perpendiculars at the extremities of CD, and by these
jrerpendiculars AC, BD. Let AB 4 a be a solid gene-
rated by the revolution of this figure about CD as an

V«L. X. PART 1.

axis ; a series «f cylinders may be describetl about the Of tht three

solid, and another series may be inscribed in it, having rmmi So-

nll the same altitude, and such that the sum of the .
*"^ '''

,

circumscribed cylinders shall exceed the sum of the in-

scribed cylinders by less than any given solid S.

Let the solid S be a cylinder, having Bb for the dia-

meter of its base, and DP for its height. Suppose the
fixed axis CD to be divided into a number of equal
parts DK, KG, GE, EC, each less than DP. In the
plane of the figure ABDC, draw perpendiculars EF,
GH, KL to meet the line AB in F, H, L. Construct
the inscribed rectangles AE, FG, HK, LD, also the
circumscribed rectangles CF, EH, GL, KB. By the ro-
tation of the plane figure about the axis CD, these rect-

angles will evidently generate a series of cylinders in-

scribed in the solid, and another series described about
it. Let the circumscribed cylinders, reckoned from tlie

bottom of the solid to the top, be denoted by V, X,
Y, Z, and the inscribed cylinders by v, x, y, z, then the
sums of the circumscribed and inscribed cylinders will be

V + X 4- y + z,

and V Jf X J^ y \. s.

Now by the nature of the figure, each circumscribed
cylinder is equal to the inscribed cylinder next below it

;

therefore X=:j), Y=.t, and Z=y, and hence tlie excess
of the sum of all the circumscribed above the inscribed

cylinders will be the same as the excess of the greatest

circumscribed above the least inscribed cylinder : that
is, it will be equal to V—z, a»d consequently will be
less than V ; but the lowest circumscribed cylinder V
is less than the solid S, because it has the same base,

(viz. the circle having for its diameter B i), and a less

altitude KD, by construction ; therefore the excess of
the series of circumscribed above the series of inscribed

cylinders is less than the given solid S.

Cor. The difference between the solid AB h a and
either of the two series of cylinders will be less than
the greatest circumscribed cylinder: For the solid

AB 6 a is greater than the one series of cylinders and less

than the other, therefore it will differ from either series

by a quantity less than the difference between the two.

Prop. V. Theor.

Ifa cone and hemisphere have equal bases and alti-

tudes, and if a series of cylinders be described about
the cone, and another series be inscribed in the hemi-
sphere, and the cylinders have all the same altitude,

the sum of the two series will be equal to a cylinder

having the same base and altitude as the hemisphere.

Let AFB be a semicircle, and CFDA, CFEB, squares Fig. 16J>.

described on the radius CF, and let CE be the diagonal of
one of the squares BF : Let CF be divided into any
number of equal parts CG, GK, KM, MF; and let per-

pendiculars be drawn through the points of division,

meeting the diagonal CE, in the points O, P, Q ; the

quadrantal arc BF in the points H, L, N; and the side

of the square in the points R, S, T : Construct the rec-

tangles CO, GP, KQ, ME, which will circumscribe the
triangle CFE ; construct also the rectangles CH, GL,
KN, which will be inscribed in the quadrant CFB.
Suppose now the plane of tlie square to revolve about
its side CF as an axis; the triangle CFE will then ge-
nerate a cone, which wiU have DE for the diameter of
its base, and C for its vertex ; the quadrant CFB will ,

generate a hemisphere, having for its base a circle of
whicli AB is a diameter ; and the square CBEF will

generate a cylinder, having the same base and altitude

as the hemisphere : Also, the rectangles described about
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lids.

Of the three the triangle CFE will manifestly generate a series of
round So- cylinders circumscribing tlie cone ; the rectangles in-

scribed in the quadrant will generate a series of cylin-

ders inscribed in the hemisphere ; and the rectangles

CR, GS, KT, ME will generate a series of cylinders

which will compose a cylinder having the same base

and altitude as the hemisphere.

The triangles CFE, CGO are manifestly similar, and
CF=FE ; therefore CG=GO ; In like manner, it may
be proved that CK=KP and that CM=MQ.

Join CH, and because CGH is aright angled triangle,

a circle described with CH as a radius will be equal to

two circles described with CG and GH as radii (2 Cor.

8. 5. Part 1.) but CG = GO, and CH=GR, therefore

a circle described with GR as a radius will be equal to

two circles described with GO and GH as radii ; lience

again it follows, that the cylinder generated by the rec-

tangle CR will be equal to both the cylinders generated

by the rectangles CO and CH, for they have all the

same altitude, and the base of the first is eqval to the

sum of the bases of the other two. It may be de-

monstrated in the same manner that the cylinder ge-

nerated by the rectangle GS is equal to the sum of the

cylinders, generated by the rectangles GP and GL,
and the same of all the rest ; therefore the sum of the

cylinders, generated by the rectangles CR, GS, KT,
ME is equal to the two series of cylinders, one gene-
rated by the rectangles CO, GP, KQ, ME, and the

other generated by the rectangles CH, GL, KN ; that

is, a cylinder having the same base and altitude as the

hemisphere, is equal to the sum of the two series of cy-

linders, one described about the cone, and the other

described in the hemisphere.

Prop. VI. Theoh.

Every sphere is two thirds of the circumscribing cy-
linder.

Let a figure be constructed exactly as in last propo- Of the tU
sition ; and to abridge, let C denote the cone, c the round ffl

series of cylinders described about it, H the hemisphere, ,
''"^

h the cylinders described in it, and K the cylinder ha-
"""^

ving the same base and altitude as the hemisphere, or '^'S l**-

cone : Moreover, put d for the difference between the
|

cone and its circumscribed cylinders, and d' for the
j

difference between the hemisphere and its inscribed
j

cylinders ; then we have

C + rf= c, and H = A + rf',

and adding equals to equals,

C + B. + d = c + h + d'.

But c + /i = K (5.) ; therefore, C -j- H -|- rf = K-f-rf',
and C -f H + d— d'= K, also C +H=K+ d'—d.
Hence it appears that the difference between C + H
and K is equal to the difference between d and d'.

Now d is less than the cylinder generated by the rota-
tion of the rectangle ME (Cor. to prop. 4.), and d' is

less than the cylinder generated by the rectangle CR,
which is equal to ME, therefore the difference between
d and d' must be less than the same rectangle ; hence
the difference between C -|-H and K is less than the cy-
linder generated by the revolution of the rectangle ME,
or is less than a cylinder having the same base as the
cone, and the line FM for its altitude. From this we
may infer, that C -fH is exactly equal to K ; for if there
can be any difference, let it be a cylinder having the
same base as the cone, and its altitude equal to FV

;

then FM must be greater then FV ; but the number of
parts into which FC is divided may be so great that
FM may be less than FV; therefore C-fH cannot be
unequal to K; and since C-f-H=K, and C= -j-K (3.),
therefore H = ^ K ; that is, the hemisphere is two-
thirds of its circumscribing cylinder ; and taking the
doubles of these; the whole sphere is two-thirds of its

circumscribing cylinder.
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APPENDIX
TO THK ELEMENTS OF GEOMETRY.

SECT. I.

Of the Maxima and Minima of Geometiiical

Quantities.

Definitions.

Mima 1 . A quantity is said to be a nutieimum, when it is the
i-'nimn

jjreatcst ; and a minimum, when it is the least of all

'^"^' quantities of the same kind.

,j^ Tlius the diameter of a circle is a maximum among all

the chords that am be drawn in a circle ; and the per-

pendicular is a minimum among all lines that can be

drawn from a given point to terminate in a straight

line.

2. Figures are called isopcrimelrical, when they have
equal perimeters.

Prop. I. Theor.

Of all triangles having the same base and the same
perimeter, the maximum triangle is that in which the

two indeterminate sides are equaL

g. 170. Let ACB, AMB, be two triangles on the same base
AB, and such that AC+CBrrAM+MB; thenif AC=
CB, and AM, be greater or less than MB, the triangle

ACB is greater than AMB.
Draw CE perpendicular to AB, and MD perpendicu-

lar to CE; join AD, BD, and in AD produced take
DF=DB, and join MF. Then AE=BE (Geometry,
Schol. to 12 of Sect. I. Part I.) and AD=BD (6. 1.) and
the angle FDM=DAE (3 Cor. 21. l.)=DBE (12. l.)z=

BDM ; hence the triangles FDM,BDM are equal, (6. 1.)

andMF=MB,andAM-f.MF=AM.f.MB=AC.f.CB=
SAC; butAM-j-MF is greater than AF, or 2 AD;
therefore 2 AC-:::::'2 AD, and AC-^AT> ; and hence
ECtp'ED (16. 1.) Now EC and ED are thealtitudes
of the triangles ACB and AMB respectively ; therefore
the triangle ACB is greater than the trianijle AMB.
(Cor. 6. 4).

Prop. II. Theor.

Of all isoperimetrical polygons of the same number
of sides, that which is a maximum has its sides equal.

;. in. For let ABCDEF be the maximum polygon, ifthe side
BC be not equal to CD on the base BD, make an isos-

celes triangle BOD, which shall be isoperimetrical to
BCD ; then the triangle BOD is greater than BCD (1.),
and consequently the polygon ABODEF is greater than
the polygon ABCDEF ; therefore this last is not the
greatest of all polygons having the same number of sides
and the same perimeter, which is contrary to what we
have supposed; hence BC must be equal to CD; and
in like manner it may be demonstrated, that any two
adjoining sides are equal.

Prop. III. Theor.

Of all triangles constructed with two given sides
which contain any angle, that is the greatest, of which
the given sides contain a right angle.

4

Let BAC, BAD, be two triangle.^, which have the Appendix-

side AB common, and ACrrAD. If BAC be a right ZT^C"^
angle, the triangle BAC shall be greater than BAD, or * *•

BAD': for the triangles BAC, BAD, are to one ano-
ther as their altitudes AC, DE, because they have the

same base ; but DE is less than AD, or its equal AC ;

therefore tlie triangle BAD is less tlian BAC.

Pnop. IV. TiiKon.

If all the sides of a polygon be given, except one,

the polygon will be a maximum wlien all its angles are
on half the circumference of a circle of which the un-
known side is the diameter.

Let ABCDEF be the greatest polygon that can be Fig. 17?.

formed by the given lines AB, BC, CD, DE, EF, and
the indetermined line AF. Draw AD, FD to the ver-

tex of any one of its angles. If the angle ADF be not a
right angle, supposing two parts of the polygon, ABCDA
and FEDF, to remain the same, the triangle ADF, and
consequently the whole polygon, might be increased by
making ADF a right angle (3.) ; but the polygon be-
ing by hypothesis a maximum, it cannot be increased,

therefore the angle ADF must be already a right angle.
The same is also true of the angles ACF, ABF, AEF ;

therefore all the angles of the polygon are in the cir-

cumference of a semicircle of which AF is the diame-
ter.

Scholium. This proposition gives rise to a question,
whether it be possible to form different polygons which

.
shall each be inscribed in a semicircle, and have all their

sides, except that which is the diameter, equal to given
lines ? Before deciding this question it may be obser-
ved, that if one and the same chord AB (Fig. 174..) Fig. 174.
subtends arcs described with different radii AC, AD,
the angle which the chord subtends at the centre of
the greater circle shall be less than the angle it sub-
tends at the centre of the less circle : For the angle
ADO = ACD

-t-
DAC ; therefore ADO^p^ACO, and.

doubling each ADB-p^ACB. .-,...

Prop. V. Theor.

There is only one way of forming a polygon pig. 173ABCDEF which shall be inscribed in a semicircle, and
have all its sides, except the diameter AF, equal to
given lines.

For supposing a circle to be found that satisfies

the question, if a greater circle would also satisfy it,

the chords AB, BC, CD, &c. would subtend lesser
angles at the centre of this than at the centre of the
other circle ; and the sum of these angles would be
less in the one than in the other circle ; but by the
nature of the %ure, in each the sum should be the
same, viz. two right angles, therefore the polygon can-
not be inscribed in two different semicircles.

Scholium. The order of tlie given sides AB, BC,
CD, &c. may be changed, and still the diameter of the
circle shall be the same, as well as the area of the poly-
gon ; for whatever be the order of the arcs AB, BC.
CD, &c. it is sufficient that their sum be a seraicircum-
ference. The different polygons will also have equal
areas, because by drawing lines to the centre, the tri-

angles which constitute any one polygon will be respec-
tively equal to those which constitute any other, as is

evident.



236 GEOMETRY.
Appendix.

Prop. VI. Theor.
Append!*

Of aU polygons formed with given sides, the maxi-

mum is that which can be inscribed in a circle.

K^

Let ABCDEFG be the polygon inscribed in a circle.

Fig. 17t ^„(j abed efg that which cannot be so inscribed. Draw
the diameter'EM ; join AM, MB, and on a b= AB
make a triangle a nib so that a mz=AM, and m i=MB,
and join em. Then by Prop. 4. the polygon EFGAM
is greater than ej'g a m, unless this last can be in-

scribed in a circle of which e m is the diameter, because

in this case the two polygons would be equal (Prop. 5.)

For the same reason the polygon EDCBM is greater

than edcbm, excepting the case of the latter admitting

of being inscribed in a semicircle, so as to make them

equal. Therefore the whole polygon EFGAMBCDE
is greater than the whole polygon ejg a m be de, unless

they are entirely equal, which cannot happen, because

the one is supposed to admit ofbeing inscribed in a cir-

cle, but not the other ; therefore the inscribed polygon

is the greater of the two, and taking away the equal

triangles AMB, a m b, there remains the polygon

ABCDEFG, inscribed in a circle, greater than the other

polygon abed efg, which does not admit of such

inscription.

Scholium. It may be demonstrated, as in Prop. V.

that there can be only one circle, and consequently on-

ly one maximum polygon that satisfies the question ;

and this polygon will have the same surface, in whatever

order the sides follow each other.

Prop. VII. Theor.

The regular polygon is the greatest of all the isope-

rimetrical polygons, having the same number of sides.

For by Theorem 2, the maximum polygon has all its

fcides equal ; and by the last Theorem, it may be inscribed

in a circle. Now no other than a regular polygon lias

these two properties.

Prop. VIII. Lemma.

Tig. 176. If two circles ADH, ABK, touch each other inter-

nally at A, and a straight line CD be drawn from the
centre of the inner circle, to cut the circumferences in

B and D, the arc AD of the outer circle shall be great-

er than the arc AB of the inner circle.

In the circumference of the inner circle, take the ai-c

BE=BA ; join CE, and through E and D, with a ra-

dius equal to the radius of the outer circle, describe an
arc ED ; then the trilateral figures ACD, ECD, will
manifestly be exactly alike, and the arcs EB, ED will

' touch each other at E. And because the concave line

ADE, (formed by the arcs AD, ED,) and the arc ABE,
liave their concavities turned the same way, by an axiom
in geometry, the former is greater than the latter ; there-
fore taking their halves, the arc AD is greater than the
arc AB.

Prop. IX. Theor.

Oftwo isoperimetrical regular polygons, that which
'

has the greater number of sides is the greater.

fig. 177. Let AB, DE be halfthe exterior sides of the two poly-
gons, C their common centre ; also CA and CAD those

and since DE
therefore, ex. teq. DE ;

but DE ;

therefore arc AK

radii of circles inscribed in the polygons, which are per-

pendicular to their sides. Draw CB, CE, and let CE
meet AB in M. Draw BH parallel to CE. On C as a

centre, describe the arc AF, meeting CE in G ; and on

H as a centre, describe the arc AK, meeting CF in I.

Because the polygons have equal perimeters, the

lengths of their sides will be reciprocally as vheir num-
ber ; and because all the angles at the centre of each

polygon make four right angles, the angles which the

sides subtend at the centre, will also be reciprocally as

their number : hence we have DE : AB : : arc AG : arc

AF.
The triangles CAM, HAB, are manifestly similar, al-

so the sectors CAG, HAK, hence
AB : AM : : arc AK : arc AG,

AB : : arc AG : arc AF,
AM : : arc AK : arc AF

;

AM : : CD : CA J

: arc AF : : CD : CA.
Now the arc AK is greater than the arc A I, which

again is greater than the arc AF, (preceding Prop.)
therefore CD is greater than CA ; that is, the radius of
the circle inscribed in the polygon having tlie lesser

angle, or gre.ater number of sides, is greater than the
radius of the other polygon ; but the polygons being
isoperimetrical, and the area of each equal to half the
rectangle of the perimeter, and the radius of the in-

scribed circle, the areas will be proportional to these
radii ; tlierefore the polygon that has the greatest num-
ber of sides, has the greatest area.

Prop. X. Themr.

The circle is greater than any isoperimetrical po-

lygon.

It has been proved, that if a regular and irregular Fig.

polygon have equal perimeters, the former has the

greater area ; therefore it only remains to compare the

circle with a regular polygon of the same perimeter.

Let AI be half the side of the polygon, C the cen-

tre. In the isoperimetrical circle, let the angle DOE=
ACI, and consequently the arc DE= the side AI : the

polygon P is to the circle C as the triangle ACI is to

the sector ODE ; now the area of the triangle is ^AI x
IC, and the area of the sector is i DE x EO ; therefore

P : C : : 1 AI X IC : i DE X EO : : IC : EO. Draw
the tangent EG to meet OD in G. The triangles ACI,
GOE being similar, IC : EO : : AI : GE ; therefore,

P : C : : AI, or arc DE : GE : : i DE X EO : ^ GE x
EO ; but ADE X EO=sector DOE ; and ^ GE x E0=
triangle GOE, therefore P : C : : sector DOE : triangle

GOE ; now the triangle GOE is greater than the sector

DOE ; therefore the circle C is greater than the isope-

rimetrical polygon P.

Con. A circle contains within a given perimeter the

greatest possible area.

Prop. XI. Theor.

Of all polygons, having the same number of sides,

and a given area, a regular polygon is that which has

its perimeter a minimum.

Let A be the given area of a polygon, and v its peri- Fig. 17!

meter ; let a similar polygon have its perimeter equal

to a givien line b, and let its area be X. Because snni-

lar figures are as the squares of their perimeters, we
have A : X : : t;2 : 42 ; hence A x i'=X Xf^ and v^zz

17»
1

i

5
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A XA'
X

hence it is evident tlwt Hm greater the value

of X, the less will be the value of v ; but the perimeter

b being given, tlie area X is the greatest possible when
the polygon is regular, (".). therefore the perimeter of

a regular polygon, having a given area, will be less than

the perimeter of an irregular polygon of the same num-
ber of sides, and the same area.

Prop. XII. Tiieor.

Of regular polygons havmg the same area ; that

which has the greatest number of sides has the least pe-

rimeter.

Let t; and x be the perimeters of two regular poly-

gons, having the same area A ; also let Y and Z be the

areas of two polygons, similar to them whicli have the

same permeter b : then, because of the similar polygons,

we Ijave

o» : 6" : : A : Y,
A" : j' : : Z : A,

hence, ex aq. d''' : j* : : Z : Y.
Now, if of the two polygons Y and Z, Y be that which
has the greater number of sides, then Y will be greater

tlian Z (9.), and consequently Z.<£lY,- therefore v- will

be less than x*, and v less than x ; that is, the perime-

ter of the polygon having the greater number of sides,

is less than the perimeter of the other polygon.

Prop. XIII. Theoh.

The perimeter of a circle is less than that of any po-

lygon having an equal area.

This proposition may be proved exactly in the same
manner as the last ; or else by considering that a circle

is the limit of all tlie regular polygons that can possi-

bly be described about it ; and that while the area of

the circle may differ from the area of the polygon by
less than any assignable quantity, its perimeter will be
less than that of tne polygon.

Con. A circle contains a given area with the least

possible perimeter.

SECT. II.

The Construction of Geometrical Problems, by
describing circles only.

A geometrical problem is considered as resolved,

. when it is shewn to be identical with some other known
problem, or to be a combination of several, the mode
of resolving each of which is known. The decompo-
sition of a problem into others more simple, leads to

the question, which problems are the most simple.'
so as not to admit of farther decomposition.
The ancient geometers assumed, as the most elemen-

tai-y, these three :

1. To draw a straight line from any one point to any
other point

2. To produce a terminated straight line to any
length in a straight line.

3. To describe a circle from any centre at any dis-
tance from that centre.

They did not propose to resolve these, but took for
granted that tlieir resolution was known, and as obvi-
ous as the truth of tJie axioms.

However narrow a foundation these three self-evi- Apptndhi.

dent problems, or postidnles as they are calle<i, may ~ '

'-''

appear to afford, when compared with the vast fabric

of geometry, attempts have been made to render it

still narrower. Tartaiea proposed to Cardan, to con-

struct nil the problems in Euclid by one and the same

opening of the compasses, admitting, however, the use

of a rule ; and Uenedictus composed a work on this

problem. Schooten, instead of tlie postulate, " that a

circle may be described from any centre at any distance

from that centre," substituted this, " that from a given

point in an indefinite straight line, a straight line may
be cut off equal to a given terminated straiglit line ;''

by this change, he shewed elegantly how all the pro-

blems in elementary geometry might be constructed,

without employing the circle farther than to cut off

from a line a part of a given length, and thus in ap-

f)earance the problems were constructed by straight

ines only. See Schooten, Exercit. Math. lib. ii.

At a later period, an Italian mathematician, Mas- ^fascheroni.

cheroni, imposed on himself the task of resolving all Died IttOl.

plane problems whatever, by the circle alone ; his suc-

cess was complete, and the result of his labours is given

in his Geomelrie du Compas, the Geometry of the Com-
passes. It must be observed, that it is only in the

construction of the problem that the straight line is

dispensed with; for, in the demonstration, straigirt

lines must be supposed drawn, and their properties in-

troduced, in order to apply the common elements of

geometry.
It is an anecdote not altogether without interest in the

history of geometry, that the celebrated Bonaparte, late

Emperor of the French, studied the geometry of the

compasses under Mascheroni ; he even condescended to

propose to the French mathematicians one of its pro-

blems, namely, to divide the circumference of a circle

into four equal parts, without employing straight lines.

We shall now give some specimens of this motle of

constructing problems. And it is to be observe<l, that

the propositions referred to in the article Geometry,
are all in the first Fart.

Prop. I. Prob.

To determine a distance in the direction of a straight

line passing through two given points A, B that shall

be any multiple of the given distance A B.

First, To double the distance AB. On B as a ren- Fig. 181.

tre, with BA as a radius, describe a portion ACDE of

a circle, not less than its half. On A as a centre, with

the same distance, describe an arc, to cut the circle in

C. In like manner determine the points D and E in

the circumference, so that the distances from C to D,^

and from D to E, may be equal to the distance from A
to C, or from A to B. Then, because the chords of

the arcs AC, CD, DE are each equal to the radius AB;
the arc ACDE will complete a semicircle (2. 5.), and

the points A, E will be the extremities of a diameter

;

therefore the points A, B, E will lie in a straight line,

and the distance AE will be double AB.
2d, To find the triple of the distance AB. Take BF

the double of BE, and AF shall be the triple of AB ;

and proceeding in this way, any multiple whatever of

AB may be found.

Prop. II. Prob.

To divide a given distance AB into any proposed Fig. 183.

number of equal parts.

1



238 GEOMETRY. r
Appendix. Let us suppose that the disUnce AB is to be divided
^—'y ^' into three equal parts. Take the distance AC equal to

three times the distance AB, (by Prop. 1.), ami in ge-

neral, whatever be the number of equal parts into

which AB is to be divided, take AC equal to the

same number of times AB ; in otlier respects, the con-

struction is the same in all cases. On C as a centre,

with CA as a radius, describe an arc I'Ap ; and on A
as a centre, with AB as a radius, describe another arc

PB p, meeting the former in P and ;). In the circle

p BP, beginning from the point p, place three chords

p m, m n, n Q, each equal to the radius AB. On P as a

centre, with a radius equal to AB or A P, describe the

arc AV, and on A as a centre, with a radius equal to

the chord of PQ, describe another arc, meeting the

former in V ; then V shall be in a straight line joining

A and B ; and the distance AV shall be one third of

the distance AB.
Join AP, CP, AQ, PQ, AV, PV. The triangles

CAP, PAQ are manifestly isosceles ; and because the

arcs p m, m n, n Q are each one-sixth of the circumfe-

(2. 5.) the arc p BQ is half the circumference ; hence it

is the measure of the three angles of the triangle CAP,
(33. 4. and 24. 1.) that is of the angle C, and twice the

angle CAP ; but the arc PB;j is the measure of twice

the angle PAB, because arcBP =arc B;j ; therefore

the remaining arc PQ is the measure of the angle C.

Now the same arc is also the measure of the angle

PAQ; therefore the angle C is equal to the angle

PAQ ; and since PC : CA : : PA : AQ, the triangles

PCA, PAQ are similar (20. 4.) ; hence the angle APQ
is equal to the angle PAC ; but the angle APQ= PAV,
because by construction AP is common to the triangles

APQ, PAV, and PQ = AV, and AQ = PV ; there-

fore the angle PAC is equal to the angle PAV, and
consequently V is in the straight line AC. And be-

cause CA : AP :: AP : AV, that is, CA:AB: :AB : AV,
therefore whatever part AB is of AC, the very same
part will AV be of AB.

The remaining points of division X, &c. may be
found by making AX = 2 AV, &c as taught in Prop. 1

.

Scholium. The point V might also have been
found by determining the points P and p as in the

above construction, and then describing arcs on P and
p as centres to pass through the point A, these would
have intersected each other again in the point V. This
construction, however, is not so good as the otlier, as

a practical method, because the arcs cut each otlier

obliquely.

Puop. III. Prob.

Having given two points in a straight line, to deter-
mine the direction of a perpendicular to it, which shall

pass through one of the points.

Fig. 183. ^* tl}^ given points be A, B. On these points, with
any radius greater than half A B, describe arcs to inter-
sect each other in C. On C, as a centre, describe a
circle to pass through A and B, and determine the se-
micircle ABP, as in the former problems, by cutting
off successively three arcs A m, m n, n P, with a radius
in the compasses equal to that of the circle ; then P will
be a point in the perpendicular PB. For the angle
APB, which is in a semicircle, is a right angle.

Prop. IV. Prob.

Having given two points in a straight line, to deter-

mine the direction of a perpendicular drawn from a App«i|^

point without it, and also the point in which the per-
*""

pendicular meets the line.

fig.
18

i

Let A,B be the given points in the line AB, and P
the point without it. On A and B, as centres, describe

arcs to pass through P, and meet each other at p, a
point on the other side of AB. Because eacli of the
points A and B is equally distant from P and p, the
line AB is perpendicular to the line which passes
through P and p, ( 17.1 ). It also bisects Pp at C ; there-

fore C, the intersection of the line AB, and the perpen-
dicular, may be found by Prop. 2.

Phop. V. PnoB.

Having given two points A and B in a straight line, p;, ]g
and a point P without it, to determine the position of
a line that passes through P, and is parallel to AB.

On P as a centre, with a radius equal to AB, de-
scribe an arc of a circle ; and on B as a centre, with a
radius equal to PA, describe another arc, cutting the
former in Q ; a line passing through P and Q will be
parallel to AB. For if AP, BP, BQ, be joined,

tlie triangles PAB, BQP, will be, in all respects, equal;
therefore the angles, QPI3, PBA, are equal, and PQ is

parallel to AB.

Prop. VI. Prob.

To find the side of a square, that shall be equal to the
difference of two given squares.

Let AB and AC be the sides of the given squares, pig.
In the line AB produced, take B a = BA, (Prop. I.),

and on A and a, as centres, with a radius equal to AC,
describe arcs cutting each other in D. The distance

from B to D will be the side of the square required.

Because ADa is an isosceles triangle, a straight line

drawn from D, the vertex of the triangle, to B, the

middle of the base, will be perpendicular to the base,

(12.1); therefore AD^ = AB^ + BD-, and BD^ =
AD2— AB^.

Prop. VII. Prob.

To bisect a given arc of a circle.

Let AB be the given arc, and C the centre of the PiV.

circle. On B as a centre, with a radius equal to CA,
describe an arc of a circle ; and on C as a centre, with
a radius equal to BA, describe another arc, cutting the

former in D. Find m the side of a square, that shall

be equal to the difference of the squares of the lines

DA, DC, (Prop. 6.) On D, as a centre, with a ra-

dius equal to m, describe an arc, to meet the arc AB
in V ; then V shall be the middle of the arc AB.
Draw AE perpendicular to CD, and OF perpendi-

dicular to AB. Because by construction AB=:CD, and
AC=BD, the figure ABDC is a parallelogram; there-

fore also AFCE is a rectangle, and CE = AF, but

AF= i AB (6.2. ) ; therefore CE = ^ AB = ^ CD, and
2 CE = CD. In the triangle ACD, we have AD2=
AC'.t.CD«+2 EC X CD (13. 4.) =AC*-f 2 CD^, there-

fore AD'— CD^ = AC" -f CD^ ; but by construction

AD2— CD2=DV2; therefore DV'=AC -I- CD=; and,

if a straight line be drawn from V to C, DV2=VC'+
CD'; hence DCV is a right-angled triangle (H. *•)

1
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toendix. and CV is perpendicular to CD, and consequently is

"-T""^ perpendicular to the chord AB ; therefore CV bisects

tiie arc AV'B in V.

Pbop. VIII. PnoB.

'i 188. To find the sum or difference of two given distances

AB, CD.

On B, one extremity of either of the given distances

as a centre, witli a radius eijual to the other given dis-

tance CD, describe a circle. On A, the other extremi-

ty, with any radius, describe an arc to cut tlie circum-

ference in m and « Bisect the arcs of the circle be-

tween }n and « in E and F, (last Proj).) then AE is the

sum of the distances AB, CD, and AF their difference.

For if A V), B m, E m, A », B «, E n be joined, the

triangles on eacli side of AB will be equal ; hence, as

the prolongation of AB, and the line drawn from B to

E will bisect the angle m B n, the points A, B, E will

be in a straight line. In like manner it appears that

the points A, B, F are in a straight line ; consequently

AE = AB + BE = AB .{. CD, and AF = AB— BE =
AB— CD.

Scholium. By this problem, a line may be produ-

ced to any given distance. Also from the greater of

two lines a part may be cut off equal to the less.

Prop. IX. Prob.

To find the centre of a given circle.

1(189. Let ADB be the circle. Take any point B in the

circumference, and on B as a centre, with any radius

i

'

less than the diameter of the given circle, and greater

tlian the fourth of that diameter, describe a circle ADC,
cutting the other circle in D. Determine C, the oppo-

site extremity of the diameter AC, as in the former

problems. On BC construct the isosceles triangle BEC,
having its sides BE, CE each equal to CD. On E as a

centre, with EB or EC as a radius, describe an arc, cut-

ting the circle ADC in F ; then the distance from A
to F shall be the radius of the circle ADB ; and arcs

described on any two points in its circumference as

centres, with AF as a radius, will evidently intersect

each other in its centre.

Suppose O the centre ofthe circle. Draw OA, OB,
and the other lines as in the figure. Because the chord
AB = chord BD, the arc AB is equal to the arc BD,
and the angle BAD = angle BDA ; now the angle

B.\D, or CAD, is half the angle CBD, (16. 2), and the

angle BDA is half the angle BOA ; therefore the angles

CBD, BOA are equal, and since CB = BD and BO =
OA, the triangles CBD, BOA are similar; and CD : CB :

:

BA : BO ; that is, CE : CB : : AB : BO.
Again, because the isosceles triangles EBC, EBF are

manifestly in all respects equal, the angle CBF is double
the angle CBE ; but in the isosceles triangle ABF, of
which a side AB is produced, the exterior angle CBF
is equal to the two angles BAF, BFA, that is, to 2 BAF,
thereforethe angle CBE= angle BAF, and BCE=BFA.
Hence the isosceles triangles EBC, BFA are similar;
and CE : CB : : AB : AF. But it was shewn that
CE : CB : : AB : BO ; therefore AF = BO, that is, AF
is the radius of the given circle ABD.

Prop. X. Pbob.

i* :90, To determine the intersections of a line which passes
' through two given points A,B, and a circle given by

position.

Fig. 191.

Case I. (Fig. I90. ) When the line paases through Appendix.

C the centre of the circle. From C, set off CF and Cf, "^^"y^^
in opposite directions, each equal to the radius of the "^

circle, so tliat F and/'may !)c in the line AB (by Prop.

8.) ; and the points F,y will manifestly be the intersec-

tion of the straight line and circle.

Cases. (Fig. I91.) When the line AB does not
pass through the centre C. Draw CD perpendicular
to AB (Prop, •t), and produce it, so that DE = DC,
(Prop, 1.). On C and E as centres, with the radius
of the circle in the compasses, describe arcs to intersect

each other in F and /'; and these points will be the in-

tersection of the straight line and the circle. For the
points F and /'are in the line which bisects CE at right
angles (17. l.); therefore they are in the line AB

;

and the same points F, /'are manifestly in the circum-
ference of the circle ; therefore they are the intersec-

tions of the straight line and circle.

Prop. XL Prob.

To find a third proportional to two given lines P, Q. Kig. 1 »?.

On any point C as a centre, with a radius equal to P,

the first of the three proportionals, describe an arc ADB.
In this arc place the chord AD equal to Q, the second
term. On D as a centre, with DA as a radius, describe

a circle ABE, and find E, the opposite end of the dia-

meter passing through A, as in the former problems.
The distance from B to E shall be the third proportional

sought.

For, the isosceles triangles CAD, CBD being equal,,

the angle ADB is double the angle ADC ; but in the
isosceles triangle DBE, the outward angle ADB is the
sum of the angles DEB, DBE, and therefore is double
the angle DEB. Hence the angles ADC, DBE are

equal, and consequently the other angles of the trian-

gles CAD, DBE are equal, and the triangles are similar.

Therefore CA : AD : : DB : BE, that is P : Q :: Q : BE.
This construction can only apply, when the first term

is greater than half the second ; when it is not, it may
be doubled or quadrupled, &c. by Prop. 1. until a mul-
tiple of it be found that exceeds the half of Q, and theit

a like multiple of a third proportional to this multiple

of P, and the line Q will evidently be a third propor~
tional to P and Q.

Prop. XII. Prob.

To find a fourth proportional to three given lines P, pj- 193.

On any point C as a centre, with radii equal to P and
R, the first and third terms of the proportionals, describe

concentric circles AB, DE. In the first of these, place

the cliord AB equal to the second term Q. Take any
point D in the circumference of the other circle, and
from B place between the two circumferences a line BE
equal to AD. Then the distance between D and E
shall be the fourth proportional sought.

For, by construction, the three sides of the triangle

ACD are equal to the three sides of the triangle BCE,
each to each. Hence the angle ACD is equal to the

angle BCE, and adding the common angle BCD,
the angle ACB is equal to the angle DCE ; therefore

the isosceles triangles ACB, DCE are similar, and CA :

AB : : CD : DE ; that is, P : Q : : R : DE.
If the third term is more than double of the first, this

construction will not immediately apply ; bnt it may be
modified, as in last proposition, by taking a multiple of

the first, and then, the line required will be a like mul->
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Appendiic. tiple of a fourth proportional to the multiple so taken of
^""Y"''^ the first, and the second, and third terms.

Prop. XIII. Prob.

Uig. 19t. To find a mean proportional between two given lines

AB, CD.

Place BE = CD in a line with AB (Prop. 8.) Bisect

AE in F (Prop. 2.). Make BG = BF ( Prop. 1
.
) On

F and G as centres, with a radius equal to FB, describe

arcs intersecting in H ; and the distance from B to H
will be the fourth proportional required.

It is manifest from the construction, that FBH is a

right angle, and that H is in the circumference of a

circle of which AE is the diameter ; therefore AB : BH
: ; BH : BE or CD. ( Prob. 3. Sect. 4. Part 1

.

)

Prop. XIV. Theor.

Having given two points in each oftwo straight lines,

to find the intersection of the lines.

We shall give an analytical solution to this problem.

Indeed the whole theory might, with great advantage,

be given under the analytical form.

Fig. 195. Let A, B be given points in the line AB, and C, D
given points in the line CD. Suppose the intersec-

tion of the lines to be found, and that it is the point V.
Draw V a on the other side of VC, so that the angles

CV«, CVA may be equal; take V a=VA, and VA=VB,
and draw lines from A to n, and from B to i. Then
every point in CV will be equally distant from A and
n, also from B and b (12, and 17 of Sect 1. Part I.)

;

hence the distance a C = distance AC ; and the dis-

tance « D = distance AD; but AC and AD are known,
because the points A, C, D are given ; therefore the
distances a C, a D, are also known, and consequently
tlie point a is known. In like manner it appears that

the distances b C,bU are equal to the known distances

BC, BD ; thus the point b is known.
Draw BG parallel to V a, to meet A a in G. The

figure BG a i is evidently a parallelogram ; therefore
BG :=:a b, and a G = B 6 ; now a b, and B 6 are lines

of a given length, because the points a, b, B are known

;

therefore BG, a G are given distances; and consequently
the point G is known.
The triangles AGB, A a V are evidently similar

;

hence AG : AB : : A a : AV; thus, AV = aV is a fourth
proportional to three given lines ; therefore it may be
found by Prop. 12. And because V is at known dis-

tances from given points A, a, the position of the point
V is determined.

Construction. On C and D as centres, with radii

e<iual to CA and DA, describe arcs to meet on the
other side of the line at a ; also on the same centres,
with radii equal to CB, DB describe arcs to meet in
b. On B as a centre, with a radius equal to a b, describe
an arc, and on a as a centre, with a radius equal to B 6
describe another arc, to cut the former in G. Lastly,
on A and a as centres, with a radius equal to a fourth
proportional to the distances AG, AB, \a, (found by
Prop. 12.) describe arcs to intersect in the point V,
which will be the intersection of the lines AB, CD, as
is evident from the analysis of the problem.

This problem might be resolved by the problem for

the bisection of an arc, but more elegantly by a con-

struction suited to the particular case. The analysis

may be as follows.

Let ADB be a semicircle, AD one fourth, and AE
one eighth ofthe circumference. Draw the radii CD,C1';,

and draw EF, a tangent to the circle, meeting CD in F.

Because CE bisects the arc AD, it is perpendicular to

the chord AD ; now CE is also perpendicular to EF
;

therefore EF is parallel toAD ; hence the angles ADC,
EFC are equal ; now the angles ACD, CEF are also

equal, therefore the triangles ACD, CEF are similar

;

and since AC = CE, therefore AD = CF. Join AF;
and in the right angled triangle ACF, we have
AF-' = AC« -)- CF^ but CF-^ = AD^ = AC^ -f CD^=
2 AC2 ; therefore AF' = 3 AC^ : Now AB" z= 4 AC^,
therefore AF' = AB'^— AC-. Place in the circle a
chord BG equal to the radius, and join AG ; then, be-

cause AG= = AB^— AC'^ it follows that AF' = AG«
and AF = AG. Hence this construction.

Determine the semicircle AGB as usual, and on A
and B as centres, with a radius equal to AG, the chord
of two thirds of the semicircumference, describe arcs to

intersect each other in F. Place in the circle a chord
AD equal to the distance from C to F, and D will be the

middle of the arc ADB.
Again, on F as a centre, with a radius equal to AC,

describe an arc to cut the circle in E, and E will be the

middle of the quadrant AD. (|)

Appeu

Fig. 19

1

To divide the circumference of
also into eight equal parts.

Prop. XV. Prob.

;i circle into four, and

GEOMETRY, Descriptive, the name given to a
branch of geometry, which has of late years been much
cultivated by the French mathematicians, and in parti-

cular by Monge, who may be regarded as its inventor.

Its object is to represent on a plane, which has but two
dimensions, any object which has three, and which ad-

mits of a strict definition. Descriptive geometry admits

of a twofold application. First, it is employed by
artists, to communicate to each other a knowledge of
different objects. Thus it furnishes the means of con-

structing geographical and topographical charts ; also

plans of buildings and machines, architectural designs,

sun-dials, theatrical decorations, &c. In this point of
view, it is the best method that can be employed to de-

scribe the forms and the relative positions of objects.

In the next place, it serves as an instrument of research,

by which we may discover every thing relative to the

form, and the position of the various parts of objects

which admit of a rigorous definition. It is by the prin-

ciples of descriptive geometry, that stone-cutters, car-

penters, ship-builders, and other ,^rtists, find the dimen>
sions of the difterent parts of the works which they

execute, in as far as these dimensions result from the

complete definition of the object.

Descriptive geometi-y formed an essential branch ot

the education of the French youth in the school of pub-
lic works established at the beginning of the revolution;

and it appears from the journal of the Polytechnic

school, that the scholars were, during a ceitain period

of the course, employed six hours every day in tracing

the numerous objects which were the subject of their

studies. The lessons given in the Normal School form
a treatise on the subject by Monge, entitled Geomelrie

Descriptive, printed in 1799. There is also a treatise

by Lacroix, entitled Essais de geometric siir les plans et

les surfaces courbes (on Elemens de geomelrie descriptive).

We have already treated this subject under the head of

Constructive Carpentry. See Carpentry, Part II.

(?)
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GEORGIA, one of the United States of America, is

situated between 31" and 35° North Lat. and between

S'' and 16° West Long. ; extending in len-rth about

ROO milesj and in breadth 250 ; and bounded on the

east by the Atlantic ocean, on the south by the East

dnd West F!oridas,',towards the west by the river Missis-

sippi, and on the north and nortli-east by South Caro-

lina, bv the Tennessee State, or by lands ceded to the

United States by South Carolina. The face of the coun-

trj' is various. That portion of its eastern division

which lies in one direction between the rivers Savannah

and St Mary's, in the other between tlie mountains and

the ocean, a tract of territory which, from north to

south, is upwards of 120 miles, and from east to west

not less than 10 or 50, is entirely level, without a hill

or stone. Farther to the westward, the lands begin to be

more or less uneven ; from ridges that rise gradually

one above another, swelling progressively into hills,

and thence finally terminating in mountains. The vast

chain of the Alleghany or Appalachian mountains,

which commences at Katts Kill, near Hudson's river,

in the state of New York, terminates here about 60
miles south of the northern boundary, while ; from the

point where it ends, there spreads a widely extended

plain, of the richest soil, in a latitude and climate fa-

vourably adapted to the culture even of most of tlie

East India productions, or of those of the south of Eu-
rope. The winters in this country are mild and plea-

sant ; snow is seldom or never seen, nor does it often

happen that frosts prove injurious to the vegetation. In

the flat country the air is rather confined, and being of-

ten contaminated by putrid vapours from the rice

swamps, is comparatively less healthful than among the

hills ; and spring water is scarce. From June to Sep-

tember, the mercury in Fahrenheit's thermometer fluctu-

ates here between 76° and 90°, and in winter between
40° and 60°. The most prevalent winds are the south-

west and the eastern, and in winter the north-west.

The east wind is warmest in winter, and coolest in sum-
mer.

CJeorgia is abundantly watered by numerous rivers,

as well as smaller streams, which intersect it in every

direction. The Savannah forms a part of the bound-
ing line by %vhich this state is separated from South Ca-

rolina. It is formed principally of two branches, the

Tugulo and Keowee, which liave their origin in the

mounl:uns. It is navigable for large vessels up to the

town of the same name, and for boats of 109 feet keel

as far as Augusta. There is a fall just above this place,

beyond which it is farther passible for boats to the

mouth of the Tugulo. Tybeebar, at the entrance of the

river, in latitude 31° 57', has at half tide a depth of 16

feet water. The Alalamaka and Ogeechee rivers have
. their course nearly parallel to the Savannah.

Besides these, with the several waters tributary to

them, there are the Turtle River, Little Sitilla, Great
Sitilla, Crooked River, and St Mary's, which last forms
a part of the southern boundary of the United States,

and is navigable for vessels of considerable burden for

90 miles. On the west, it is washed by the Mississip-

pi, which separates it from Louisiana. Of rivers which
iall into the Gulf of Mexico, there are the Pearl, the
Pascagoula, the Alibama, the Torabegbee or Mobile,
the Escambia, the Chatahouchee, with the Apalachi-
cola, and the Flint rivers. The northern part of the
state is watered by the Tennessee, Bend, and the Chuc-
camaga. All these rivers abound with various .sorts of
fish, among which are rock, mullet, whiting, shad, trout,

drinn, bap, cat-fish, brim, and sturgeon ; and the bays
VOL. X. PART I.

and lakes afford oysters and other shell-fish. The chief Georgu

lake or marsh in the state is Ekanfanoka, wliich is 300 w America.

miles in circumference.
'

- ~t

The whole of the sea coast of Georgia is bordered I«l»n(Js and

with islands, through the medium of which there is
""'*'•

constituted a sort of inland navigation, extending with
but few interruptions from the river .Savannah to St
Mary's. The principal of these islands are .Skedaway,
Wassaw, Os.s!ihaw, St Catharine's, Sassels, Frederica,
Jekyl, Cumberhmd, and Amelia.
The soil of Georgia, and the degrees of its fertility, Soil and

vary according to situation, and the differences that agncultur*.

have taken place as to the manner or the extent of its

improvement. The islands just mentioned are, in their

natural state, covered with a plentiful growth of pine,

oak, hiccory, live oak, and some red cedar. The soil

is grey, formed by a mixture of sand and black mould.
A considerable part of it, that particidarly on which are

chiefly found the oak, hiccory, and live oak, is very fer-

tile, and yields on cultivation good crops of indigo,

corn, cotton, and potatoes. The soil of the main land

adjoining to the marshes and creeks, is nearly of tlie

same quality with that of the islands. The portion of
it whifh borders on the creeks and rivers, forms the

chief exception, being the ground which furnishes the

valuable rice swamps. These begin immediately upon
the termination of the salts, and lie most of them on
rivers, which, as far as the tide flows, are called tide

lands, or on creeks and particular branches of water,

flowing in some deeper or lower parts of the lands,

which are called inland swamps, and extend back in the

country from 1 5 to '25 miles, beyond which, for the

most part, little rice is planted. 'Those lands immedi-
ately adjoining to the rivers are nearly level, continuing
so in a breadth from two to three or four miles, for the

space, in a direct line from the sea, of not less than 100
miles. In this distance, wherever a piece of high land
extends to the bank of the river on one side, there may
almost invariably be expected, on the other, a low or
swampy ground of proportionable width. The interme-
diate lands, which are covered chiefly with pine, and a
sort of wild grass and small reeds, afford a large range
of feeding ground, both summer and winter. The oak
and hiccory ranges that are interspersed, and which are

of superior quality, yield, when cultivated, good crops
of corn, indigo, or other valuable produce. At a dis-

tance from the sea, the soil changes from grey to red ;

in some places it is gravelly but fertile ; and farther

back into the country its tint is gradually deepened,
till it becomes what is called the mulatto soil, con-
sisting of a black mould and red earth. This sort of
land is generally strong, and affords abundant crops
of wheat, tobacco, corn, &c. It is succeeded in its

turn by a soil that is nearly black, and very rich,

and on which there grow large quantities of black
walnut and mulberry. This sort of succession in the

different soils which occur in the state, is throughout
pretty regidar and uniform. They stretch in the same
order, in lines nearlj- parallel with the sea coast, not
only across this state, but all along northwards, as

far even as to Hudson's river. The staple cornmodi- p^juc-
ty of Georgia is its rice. It yields also small quantities tioiu.

of indigo, cotton, and silk, besides Indian corn, potatoes,

oranges, figs, pomegranates, with other useful grains or
fruits. The forests jifibrd an abundant supply of fine

timber, consisting cliiefly of oak, hiccory, mulberry,
pine, and cedar.

The manufactures of Georgia have not hitherto been >ranuf«c-

verj' considerable. The people in the lower part of the wres-

2 H



242 GEORGIA.
Georgia

in America.

Comnaerce.

State have not been accustomed to prepare even- their

own clothing, or that worn by their negroes. For al-

most every article, as well of their wearing apparel

as of the tools used by them in their husbandry,

they have been indebted to their merchants, who im-

ported them from Great Britain or the northern states.

But in the upper parts of the country, the inhabitants

themselves manufacture the chief part of their clothing

from cotton and from flax. The principal manufac-
tures are those of indigo, silk, and sago. The latter is a

kind of sediment or starch, that is obtained by properly

macerating and washing potatoes. The large crops of

this kind that grow on the dry plains of the country,

besides affording wholesome nourishment, have been
made to yield, by distillation, a spirituous liquor of a

tolerable quality, though inferior to that which is made
from rye. The chief articles of export from this state

are rice, tobacco, indigo, sago, lumber of various kinds,

naval stores, leather, deer-skins, snake-root, myrtle, and
bees-wax, corn, live stock, &c. The value in sterling

money of the whole amount of those exports in the year

1755, was £l5,744; in 17G0, ^^20,852; in 1765,

£ 73,426 ; and in 1772, £ 121,0'77. In 1791, the value

of articles in like manner exported, was, in dollars,

491,472 ; in 1792, 458,973 ; in 1793, 501,383 ; in 1791',

676,15t; in 1796,950,658; and in 1801, 1,851,951.

The tonnage employed in this state was, in the year

1755, 1899; in 176'0, 1457; in 1765, 7685; in 1772,

11,246; and in 1790, 28,540 tons. The number of

American seamen, during the last of those years, was
11,235. In return lor her exports, Georgia receives

West India goods, teas, wines, clothing, and dry goods
of all kinds ; from the northern states, cheese, fish, po-
tatoes, apples, cyder, and shoes. The imports and ex-
ports are principally to and from Savannah, which
has a fine harbour, and is the chief emporium of the
state.

Before the revolution, Georgia, like the rest of the
southern states, was divided into parishes ; but since

that period, the division has been into counties. Ac-
cording to this distribution, Georgia, under two dis-

tricts, viz. the Upper and the Lower, comprehends 24
counties, of which 15 are included in the former divi-

sion and nine in the latter. The counties of the upper
district are Montgomery, Washington, Hancock, Green,
Franklin, Oglethorpe, Elbert, Wilkes, Lincoln, War-
ren, Jefferson, Jackson, Bullock, Columbia, and Rich-
mond ; those of the lower district are Camden, Glynn,
Liberty, Chatham, Bryan, M'Intosh, Effingham, Scri-

ven, and Burke. The principal towns are Augusta,
formerly the seat of government. Savannah, the former
capital of the state, both on the river Savannah, Sun-
bury, Brunswick, Frederica, Washington, and Louis-
ville, which last is now the metropolis of the state, and
the place in which are deposited its records. The situ-

ation ofthese towns is generally advantageous ; most of
them standing on the banks of considerable rivers, and
some ofthem, as Savannah, Brunswick, Frederica, and
Sunbury, having safe and commodious harbours.

Pspulation. In the grand convention at Philadelphia in 1787, the
inhabitants of Georgia were reckoned to amount in all

to 90,000. By tlie census of 1790, it did not exceed
82,548 persons, of whom 29,264 were slaves. Subse-
quent to that period, however, there has been a very
considerable augmentation. The disposition and cha-
racter of the inhabitants, collected as they were led by
interest, necessity, or inclination, from different parts
of the world, arc very much diversified. They have
been cliargcd with indolence, which is attributed part-

Political di-

vision.

Connties.

TowDf.

ly to the relaxing heat of the climate, and partly to the Georgi», .

want of the necessary motives to the excitement of in- '" Ameriatij

dustry. They are more advantageously distinguished ^""V^'
by tlieir open and friendly hospitality, particularly to-

wards strangers. Their diversions are dancing, gaming, \

horse-racing, cock-fighting, and chiefly hunting. Tu 1

this latter amusement the nature of the coimtry is suffi- •

ciently favourable, the woods abounding with deer, ra- !

coons, rabbits, wild turkies, and other game, at tlie same
time that they are commonly so thin and free from ob-

struction, as to throw no impediment in the way of the I

chace.
I

The civil constitution of Georgia, which was adopt- Civil const!

ed and ratified by a convention of delegates from the tution. i

people on the 6th of May 1 789, is formed upon a plan
j

similar to the federal constitution of the United States. 1

According to it, all legislative power is vested in two
distinct bodies, both of which are chosen by the people

at large, and which are styled the General Assembly.
These are the senate and the house of representatives

;

of the former of which the members are chosen for the
term of three years, those of the latter annually. The
senate consists of one member from each county, and
the house of representatives of 34 members. The exe-
cutive power is vested in a governor, who holds his of-

fice for the space of two years. It is decreed, that free-

dom of the press, and trial by jury, shall remain invio-

late in the state, and that Uie benefits of the writ of ha-
beas corpus shall be open to every one who may choose,

or may have occasion to avail himselfofthese. The free

exercise of their religion is at the same time guaranteed
to all persons without exception, none moreover being
obliged to contribute to the support of any religious

profession but his own. A superior court is twice in

eiich year to be held in the several counties, where all

causes are to be tried civil and criminal, other than such
as may be subject to the federal court, or as may by law
be referred to inferior jurisdictions. The judges of the

supreme court, and the attorney general, hold their

commissions for three years, and have their stated sala-

ries, which are fixed and secured to them by law. For
the more convenient administration ofjustice, the whole
state is divided into two districts, which are called the
upper and the lower circuits. The number ofjudges
appointed to sit in the superior court are two only, to

each of whom it belongs also to try causes in the seve-

ral circuits. Besides the superior court, there is an in-

ferior one, viz. a court of common plea^, establishsd in

each county, that sits twice in a year, with five judges,

who are appointed by the legislature. The county courts - I

have a jurisdiction in criminal causes, which are finally

determined in the superior court. There are moreover
the sheriff's court, and courts which are held by the jus-

tices of the peace in every part of the state.

The religious sects of Georgia, are Baptists, Metho- Religions I

dists, Presbyterians, Episcopalians, Roman Catholics, ^*'^"'
\

Quakers, and Jews. The two first are the most nume-
rous, and inhabit principally the upper pai-t of the state. '

The Episcopalians and Presbyterians are nearly equal in
number. I'he Catholics and Jews have each of them
one church. There are likewise some Gennan Luthe-
rans, and a society of Congregationalists.

The literature of this state may be considered to be Literatutc (

still in its infancy, though the measures adopted for its

improvement have been such as to afford the most fiat-
,

termg prospects of ultimate success. The charter,

containing the system of education to be followed out
j

in it, passed in the year 1 785. A college, with ample
and liberal endowments, has been instituted at Louis*

I
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Oforpia ville, a high and healthy part of the country near to the
in America, centre ofthe state, and provision made for the institution
"'~"^-~' of an academy in every county, all which seminaries, in

subordination to the principal, are to be supported from
the same funds, and considered as the parts and members
of one great establishment for the instruction of youth.

Diicasrs. In the low country of Georgia, in the vicinity of the

rice swamps, bilious complaints and fevers have been ob-

served to be pretty general, especially during the

months of July, August, and September, which for

that reason are called the sickly months. Pleurisies,

peripneumonies, and other inflammatory disorders, oc-

casioned by sudden and violent colds, are prevalent,

and not unfrequently fatal during the winter and spring.

In the county of Wilkes, within a mile and a half of

the town of Washington, there is a medicinal spring,

which is said to be a sovereign remedy for the scurvy,

scrofulous disorders, consumptions, gouts, and various

other diseases. There is likewise at the distance from
the sea of about 90 miles, on the way towards the

mountains, a very remarkable bank of oyster shells.

This runs in a direction nearly parallel with the sea-

coast, in three distinct ridges contiguous to each other,

which together occupy a space of seven miles in breadth.

These commence at the river Savannah, and have been
traced to the northern branches of the Altamaha, fur-

nishing, wherever they pass, an inexhaustible source of

wealth and convenience to the neighbouring inhabi-

tants, in the lime which they derive from them for

buikling, for the making of indigo, or for other useful

purposes.

Indian The original population of the Georgian state con-
tribes, gists chiefly of Muskogee or Creek Indians, Semino-

las, Chactaws, Chicasaws, and Cherokees. The Mus-
kogees have their residence principally in its middle
parts, being the most numerous of the Indian tribes

within the limits of the Indian states. Their numbers
have been estimated to be little short of 20,000, of

which a third is said to consist of fighting men. The
country in which they are settled is hilly but not moun-
tainous, the soil fruitful in a high degree, and well wa-
tered, their principal towns being situated in the Lati-

tude of about 32°, and in from 86° to 87° W. Longi-
tude. The Seminolas inhabit a level flat country on
the Apalachicola and Flint rivers, possessed of similar

advantages. The other tribes which have been men-
tioned, are found chiefly in the western parts of this

state, much of which is still in their possession. Of
these, the Chactaws, or flat heads, occupy a very fine

and extensive tract of hilly country, with large and fer-

tile plains, between the Alibama and Mississippi ri-

vers. The Chicasaws are settled on the head branches
of the Toml)egbee and Yazoo rivers in the north-

west comer of the state, where they have an extensive
plain country, tolerably well watered from springs,

and of a pretty good soil. The population of the for-

mer of these nations has been estimated at from I a,OCX)

to 1 5,000 souls ; and they have upwards of 40 towns
and villages. The number of persons in the latter na-
tion has been reckoned to be about 2000. They have
seven town.s, of which the central one is in Lat. S'l" 23',

and in Long, about 90° 10' W.
l.torv. 't ^^ '" t'^ y*""" 17'^2, that the measure was me-

ditated in England, of settling a colony between the
rivers Savannah and Altamaha, with a view as well to the

III
accommodation of poor people in Great Britain and Ire-

"i land, as for aftbrding further security to Carolina It was
proposed for this purpose to raise a fund, which should
be expended in the conveyance of indigent emigrants
to that part of America, free of expence. The plan was

countenanced by humane and opulent men, through Oeorgi*

whose contributions and exertions it Was quickly car- 'nMnencA-

rietl into effect. On application to his Maiesty George ^^i^„~
II. letters patent were obtained June 9th, 1732. In

November of the same year accordingly, 116' settlers ^O.nSx.

were embarked fbr Georgia, under the conduct of Gene-
ral Oglethorpe, one of the trustees, and an active promo-
ter of the measure; and soon after their arrival, in the

beginning of the year 1733, the spot on which Savannah
now stands was marked out as the most proper for the

foundation of the settlement. Here, therefore, they pro.

ceeded to erect a small fort, with a number of huts for

their accommodation and defence. A treaty of amity was
concluded between them and their neighbours the Creek
Indians, and various regulations were framed fortheirfu-

ture government. In the formation of these, the general

principle assumed was, that each inhabitant was to be
considered as at once a planter and a soldier, who was
of course to hold his portion of land as a military fief,

and to appear in arms when the occasion required it

for the public defence. That large tracts of ground
might not accordingly, in the course of time, come to be
occupied by the same person, nor the inconveniences be
felt which in other colonies had been found to arise

from great possessions, it was thought proper to limit

the allowance of land for each family to 50 acres, which
allotment, or any part of it, they were not to be per-

mitted to mortgage nor to dispose of by will to their

female issue. It was provided, that no man should de-

part from the province without a licence. Such parts

of the lands granted by the trustees as should not be
cleared, fenced round with a warm fence, or pales six

feet high, within eighteen years from the date of the

grant, were to revert to the trustees for the benefit of

the colony. It was fbrbid<len to use negroes, to import

rum, or to trade with the Indians, unless in the case of

a special licence being previously obtained for that pur-

pose.

In consequence of the sentiments that came to be en-

tertained at home, respecting the probable anticipated

future importance of the settlement in Georgia, parlia^

mentary aid had at different times been granted to pro-

mote the objects of the corporation. Additional settlers

also were obtained, and these, for the most pjirt. of a

character and habits better adapted to the situation than

those who had been at first introduced into it. 'J'he

new comers were chiefly persons inured to labour and
fatigue, from the Highlands of Scotland and from Ger-
many, not like those who had preceded them, the idle

and useless overflowings of cities and large towns.

The accession of this valuable population was cucli,

that within tlie space of three years, CJeorgia had re-

ceived above 400 British subjects, and about 1 70 fo-

reigners. Adventurers from ScotUmd, Germany, and
Switzerland, still continued to follow their countrymen,
contributing to sustain the hopes which the trustees

had formed as to the permanence and prosperity of the

colony. Several towns wen- built ; and in 1 739, more
y^_ j)_ j|3g

than 600 people were employed in trading with the

Indians for furs and skins. It was eventually how-
ever found that the system of government which had
been formed for this colony, how pure soever might he
the intentions of those by whom it was prejiared, and
how wise soever in their estimation, its provisv-ns were
in effect highly injudicioui*, and altogether incompatible

with its prosperity. The alterations which it was judged
necessary to introduce into it, though beneficial so far

as they went, were not yet sufficient to render it even

tolerably supportiible ; and the wars in which the pro-

vince was involved with the Spaniards and Indians, and
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Georgia tlie frequent insurrections among the people them-
in America, selves, added still farther to the general confusion and

"'. '
'~ wretchedness.

^^ ^' in 1741, it was notified to the English government,
A. D. 1741. that of the number of persons that had migrated to

Georgia, scarcely a sixth part remained ; and tliose who
still continued, were so much discouraged, that they

seemed to be desirous of fixing themselves in more fa-

vourable situations. The distressed and languishing

state of the province was, by repeated complaints, re-

presented to the trustees, who, weary of their irksome

A.D. 1752. s^h'l thankless charge, at length, in the year 1752, sur-

rendered their charter to the king, and the province

became a royal government. Notwithstanding the ex-

pence which had been incurred on account of it, the

vestiges of cultivation wei-e at this period scarcely per-

ceptible in its forests ; and the whole of the annual ex-

ports did not exceed ^e 10,000 sterling. It still con-

tinued for several years more to struggle under many
difficulties, arising from the want of credit witlj friends,

and the frequent molestations of enemies. Tlie benefits

A. D. 1763, of the peace of Paris, which took place in 1 763, were,

however, very sensibly felt here: the exports of that year

A. D. 1773. were but about £^7,000 ; those of 1 773 were little short

of £122,000, while the population and agriculture of

the state were proportionably increased. Georgia suf-

fered a good deal during the war with Britain ; and even

after that was concluded, its progress in improvement
yet lay under some checks and inteiTuptions, from the

disputes and hostilities in which it was involved with

the Creek Indians ; but a treaty of peace and friend-

A.D. 1790. ship having, in 1790) been entered into with that na-

tion, it has since been rapidly advancing in all public

•prosperity. In consequence of an act of the legislatiu-e

passed in 1 795, twenty millions of acres of the Georgia
•western territory were sold to certain companies, and
the purchase money, amounting to 500,000 dollars,

was paid into tine state treasury. This land was after-

>vard8 sold at an advanced price by the original pur-
chasers, to various persons, principally of the middle
and eastern states. This ti-ansaction produced a great

degree of discontent : the ferment, however, afterwards
subsided, without any thing having taken place which
should shake the confidence of the purchasers as to
tlieir security, and the goodness of their title to the
lands which they had thus acquired. See Morse's
American Geography, (k)

GEORGIA, a country of Asia, situated between the
Caspian and the Black Seas. Under this name were

BounUaricsc

formerly comprehended also the states of Mingrelia and
. Immertia ; but it is now exclusively applied to theely applied
country made up of the four provinces of Cartuel, Ka-
ket, Kisik, and the Georgian provinces of Armenia.
Within these limits are contained the ancient Iberia,
with a part of Armenia and Albania. On the north it

is bounded by Mount Caucasus ; on the north-west by
a desert which separates it from Immertia ; on the west
and south by the Karagatich mountains and Mossian hills,

which divide it from the Turkish and Persian provinces
of Akiska and Erivan ; and on the east by Daghestan
and Shirvan. The face of the country is mountain-
ous, diversified with extensive plains, and watered by
innumerable rivers. The vallies are exceedingly fer-
tile : cotton, and the finest European fruit-trees, grow
liere spontaneously ; and rice, wheat, millet, hemp, and
flax, are raised ahnost without culture. The hills are
covered with forests of pine, oak, ash, beech, chesnuts,
w.ilnuts, and elms entwined with vines, which grow
perfectly wild, and produce vast quantities of grapes.

Gcorsi*^
in Asia. <

Province »l

Cartud.

The rivers abound with the most delicious fish ; poultry

and game are frequent in the woods, and the pastures

feed a great number of cattle. The air of this province

is dry, very warm in summer, and very cold in winter.

The fine weather commences in the month of May, and

continues till November. Upon the whole, this may
perhaps be truly characterised as one of the most beau-

tiful and highly favoured regions in the world. Even
the natives appear to approach nearer to perfection than

those of other countries. The men are tall and ele-

gantly formed, while the grace and beauty of the wo-
men are celebrated over all the east.

Of the four provinces which have been mentioned as

constituting the state of Georgia, that of Cartuel, or,

as it is sometimes called, Karlel, is on the east divided

from Kaket by the Araqui ; to the west it borders on
Immertia ; to the south on Akiska and Armenia ; and
northward it extends as far as the highest ridges of the

Caucasus. It occupies both the banks of the Kur, and
is known by the names of Semo or Higher Kartel, and
Zemo or Lower Kartel. This is the province of the

Georgian state which corresponds to the greater part of

the ancient Iberia. The fine cities and handsome pub-
lic buildings with which anciently that province was
decorated, no longer remain. In consequence of the

repeated revolutions to which it has been subjected since

that period, and particularly through the destructive

inroads of the Lesghaes, the face of the country has

been completely changed, and its population almost

exterminated. The few inhabitants who remain, are,

as in ancient times, to be found in the southern and
middle mountains of eastern Caucasus. They have their

houses almost on the very tops of the hills, and live

chiefly by agriculture.

The province of Kaket begins at the enol of the plain of Kake
30 miles north-east of Teflis, near one of the front

ranges of Mount Caucasus, and is bounded on the south

by the adjoining province of Kisik. To the south of

this latter province is the river Kur, and on the north

and east it is encircled by the Alasan, whicii separates

it from Shirvan and Daghestan. These provinces having

formerly become subject to the King of Ai-menia, were
given in fief to the noble Jewish tribe of Bargarut,

from whom, it is said, are descended the Wallees oi'

Georgia, Immertia, and the illustrious house of Ba-

gration in Russia. Kaket was tlie only province which
withstood the invasions of the Tartars and Lesghaes

;

hence it is covered with the ruins of villages, fortresses,
j

and towns. The population, notwithstanding, is con- i

siderable. Together with the adjacent province of Ki-

sik, it is stated to have contained, in the time of Rei-

neggs, who visited and has given an account of these

countries, to the amount of 1 8,000 famihes. The num-
bers have since, it is said, considerably increaaed, espe-

cially suice the provinces fell under the dominion of

Russia, the government of which has been fit pains to

repair the injuries sustained from the incursions of the

neighbouring pretlatory tribes, and to collect the peo-

ple from their scattered habitations. The province of

Kaket is greatly in want of water, and the villages are

often at such a distance from the springs, that the na-

tives are under the necessity of alleviating their thirst

by fruits or wine. This, however, does not affect the

fertility of the country, as, unlike several of the oth«r

parts of this state, the gardens and fields here require

no irrigation.
i

The Georgian province of Armenia has the hills of

Karagatich to the west, the Mossian or Sissian hills to

the south, and towards the north-east it is watered by
4

Of Ami
nia.
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the river Kur. Tliis is the best peopled and most floiv-

rishing of the provinces of tliis sUite, and it contains

several towns. It lias been lonp; celebrated for its mines

of gold, silver, lead, iron, and copper, as well as for

its quarries ofHiarl)le and jasper, tlie principal of which

are those of Quoc-sch and Tarnblutt.

The most noted of the Georgian rivers are the Kur,

formerly known by the name of the Cyrus, which has

its origin near Akiska. The Araqui, which rises near

to the gates of Caucasus, flows to the south, and after

dividing tlie southern range of Mount Caucasus into

two equal parts, falls into the Kur at the town of Ta-
getta ; the Kisia or Nachalir, which originates in the

mountains of Karagatich ; the river Alosan, the same
which Strabo mentions under the name of Auxan ; it

traverses tlie province of Kaket, and forms part of tlie

boundarj- between the states of Georgia and Shirvan.

The capitiil of Georgia is Teflis. This city lies in

latitude 42° 45' N. being at tlie distance from St Peters-

burgh of 2627 versts. It is situated on the N. W. side

of tlie great plain at Karajoes, at the foot of a hill, and
occupies both banks of tlie Kur, over which there is a

bridge. It is called Thelestokar, (warm town,) from
the warm baths in its neighbourhood, and was found-

ed, according to an old inscription in the citadel, by a

certain prince Surang in the year 1063. Before it was
taken by Aga Mahomed Khan in 1797, it contained

4000 houses, ;md 22,000 inhabitants. The greater

part of the houses are still standing, and are neatly built;

but the population has suffered a reduction of not less

than 7000 souls. While Georgia was an independent

state, Teflis was for many years the residence of its

prince Heraclius. It is at present that of the Russian
governor and commander in chief, who has at all times

a large force stationed in the city. These troops are

(piru'tered in the houses of the inhabitants, a circum-
st;aice wliich is far from being agreeable to them, and
may lead to the most unpleasant consequences, as ha-
ving the same ideas with regard to their women as are

most generally prevalent among the eastern nations

;

they are naturally inimical, in an extreme degree, to

^ny arrangement which may have the effect of exposing
them to the view and to the familiarity of strangers.

This is the only place in Georgia which is wortliy of
the name of city. There are, however, several other
towns and villages, some of which, if of little import-
ance in themselves, liave acquired an interest as being
the chief military positions occupied by tlie Russians
in tlie course of tiieir recent rapid encroachments to-

wards the frontiers of Persia. In the pi'ovince of Ka-
ket, and about Iti miles to the N. E. of Teflis, is Man-
dropi, an opident and well inhabited town. Kudala,
Melani, and Magara, in the same province, though
once flcjurishing cities, are now reduced to the state of
wretched villages. Gori is a small town near the
source of the Kur. Suram is situated on the western
frontier of Kartel towards Kariska, and stands on the
river Surmela, being defended by a strong hill fort.

In a plain near the junction of the Kur and the Arakui
are the remains of the city of Tsgetta, which has a
most advantageous position on the frontiers of Amienia,
Albania, anil Iberia. It is supposed to have been
founded by the Greeks or Romans, and to have been
the place chosen by Pompey for keeping in check the
restless spirit of the Albanians after tliat people had
become subject to Rome. According to the Georgian
histories and traditions, it was also the most ancient city
in the kingdom at the time that it was converted to
Cliristianity. Anamer, seated likewise on the banks

6<orgia

in An&
of the Arakui, containa nothing remarkable but an old
stone church, and a convent in ruins. Akdall stands _^^
on the river Tebete, a city once famed for its beautiful TowniT
buiklings, and where are still to be seen the splendid
remains of the palace of Prince Allodius. Old and
New Kremm are well situated towns, of which, how-
ever, the jpopulation is now greatly diminished. The
fortress of Tellow is impregnable to an enemy unpro-
vided with artillery. Bembeek is a small town, capi-
tal of a district of the same name, situated in the
southern part of the state. About 70 miles farther to
the westward is Gancha. Both of these, from their
contiguitjr to the Persian province of Erivan, are prin-
cipal military stations of the Russians in Georgia.

_
The provinces into which the Georgian state is di- Hiitory.

videdformerly constituted different principalities, which
were governed by their own princes, in subordination to

the Persian empire. Amidst the shocks that were af-

terwards sustained by that power, these took the op-
portunity of rendering themselves independent ; and
the authority which had been for a time lodged in se-

parate hands, was ultimately engrossed by Prince He-
raclius alone of the Kakhettian dynasty. This prince
or czar, who is celebrated for his bravery and other
great qualities, as well as for the important part which
he acted during the disturbances that agitated Persia
after the death of Tamas Kuli-Khan, submitted, in the
year 1783, to the Russian empire, thus voluntarily sa-

crificing, for the sake of protection, that independence
which his exploits seemed to have secured. Notwith-
standing, however, his close alliance with this power, he
was forced, in 1 787, to renounce his connection with it,

and to acknowledge himself tributary to the Porte. More
recently the Russian interest has again prevailed, and
the sons of Prince Heraclius, having been deprived of
their inheritance, the whole of this delightful province
became subject to the dominion of the Russian emperor.
In February 1801 it was, by a public ukase, united to
his dominions. On the accession of Alexander, tlie

same year, tlie annexation was confirmetl, and next
year (1802) formally announced to the Georgians. The
provinces of Kartel and Kaket have, since that period,
been divided into five districts, viz. Ohori, Thelawi,
Duschethi, Lori, andSsignachi. The presidencies in the
courts of judicature are intrusted to native Georgians,
and civil causes decided according to the laws of the
country. In 1803 Prince Zizianow took the command
of the Russian forces in Georgia, and soon after reduced
the .Sesgians of Belucan and Dschaii. It was in this

year that the widow of King Georgi, the last of the
Georgian sovereigns, stabbed the Russian major-general
Lasarew, when imparting to her the emperor's com-
mand to repair to Russia. In 1804 Gandscha was
taken by storm, and Solomon, King of Imerethi,
placed himself and his dominions under the protection
of Russia. About the same time, a small force was
detached to occupy Mingrelia, which had submitted in

1803.

An exjiedition was undertaken against the Persian
province of Armenia, and Prince Zizianow, after some
important successes, formed the blockade of Erivan.

The Persians, however, being suddenly and strongly

reinforced, compelled him to abandon the enterprise,

and to confine his future operations to the frontiers oi'

Georgia. He chastised the Ossetes, and adde<l Neichi
and Schuschi to the imperial dominions.

The annual revenue of the province is 800,000 ru-

bles, which is partly expended hi the salaries of civil

ofiicers. The surplus has been hitherto generously con-
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signed to the relief of the most necessitous of the in-

habitants.

'T^'T"' The Georgians, or, as they are sometimes called, the
"^

Grusinians, have avoided all commixture with the Tar-

tars, and have ever distinguished themselves as the

most numerous and powerful body of the mountaineers

of Caucasus. Their manners and customs resemble in

some degree those of their neighbours the Persians.

They are brave but ignorant, and indolent in the ex-

treme, scarcely earning themselves a subsistence, even

in their very rich and productive country. They are

diiefly in repute as soldiers, in which respect they are,

perhaps, not surpassed by any other of the Asiatic na-

tions. They excel particularly in the use of the bow.

The only virtue of the men, however, is said to be cou-

rage, while the women, so much praised for their beau-

ty, love to adorn themselves with paint, and are not in

high estimation for their modesty. Both men and wo-
men are said to be addicted to intoxication, and to in-

dulge freely in the use of strong liquors.

It is a principle established by the laws of war re-

cognised in Turkey, that any revolted province should

be given up to pillage, and the inhabitants reduced to a

state of slavery. In consequence of this custom, which
has been generally prevalent throughout Asia, the mar-
ket of Constantinople has been supplied with slaves

from Georgia and Circassia. Those supplies have like-

wise been, in great part, furnished through the Leaghai
• Tartars, who, situated between the Caspian and Black

Seas, and in the vicinity of both those states, are con-

tinually at war with them. They carry over to the

eastern coast of the Black Sea, the slaves whom they
take in the course of their incursions, and sell them to

the Turkish mercliants, who come thither at stated

times with a view to the traffic. The inhabitants of

this same coast, likewise, seize on their countrymen in

the neigbouring villages, and sell them. Children also

have sometimes been sold by their parents, and wives
by their husbands.

Trade. Georgia has but little trade. A part of the wine
which is made in the country is sold into Armenia and
Persia, especially to Ispahan, for the king's table ; and
silk forms a considerable article of commerce with Er-
zeroom, though the inhabitants are unacquainted with
the best method of winding it.

The nobility, which are here numerous, and possess
an unlimited power of life and death over their vassals,

treat them with the utmost harshness, levying a tax on
the farmer to the amount of at least half the produce.
This system, in addition to the sanguinary h-ruptions
from the neighbouring states or tribes, has naturally
had the effect of checking the prosperity of the coun-
try, and >yasting its population. The number of its in-
habitants is said not to amount to more now than about
320,000 souls.

Bcligion. The religion of Georgia, when anciently it formed
one distinct and independant kingdom, was Christiani-
ty ; with this Mahometanism has, since tlie year 16"39,

been blended, the king of Persia having at that time
conquered the country, and divided it into provinces,
obliging the people to embrace the Mahometan faith.

From the time that they have been under the protec-
tion of Russia, they have again, however, avowed them-
selves Christians, following in part the rites of the Ar-
menian, but chiefly those of the Greek church. They
are represented, indeed, as not being very tenacious as
to those matters. The rest of the population consists
of Jews, Tartaji^, and Russians, each tribe having its

peculiar dialect. See K\imeir'» Geographical Memoir of

the Persian Empire ; Klaproth's Travels ; and Tooke's
Vietx! of the liiissian Empire, vo\ 1. (k)

GEORGIA, (Ntw or South,) an island in the south
Atlantic Ocean, discovered by La Roche in 1675; seen

by Mr Guyot, in the ship Leon, in 1756 ; and explored
with much attention, in 1775, by Captain Cook, who
named it Georgia in honour of his majesty. This is-

land is situated between 5;i° ST and 51° 57' south la-

titude, and between 35° 34' and 38° 13' west longitude.

It extends south-east by east, and north-west by west,
being in that direction 31 leagues long, while its great-
est breadth is about ten leagues. In the approach to
this island by the last mentioned navigator, there was
first discovered in south latitude 54°, and west longi-

tude 38" 23', a high rock of no great extent, to which
was given the name of Willis's Isle. In the vicinity of
this, there were some other rotky islets ; and to the
eastward about two miles, nearer to the main, was per-
ceived a separate island, which, from the great numbers
of birds that were seen upon it, received the name of
Bird Isle. This, which was not so high, was of great-
er extent than Willis's Isle. The passage between
these two islands having been cleared, and after a pro-
gress along the coast, first for about nine miles in the
direction of east by north, and then for eleven miles
more on an east and east- southerly direction. Cape BuU
ler was gained, and at the distance of four or five miles
from it, a bay to which was then given the name of
Possession Bay, situated in 54° 5' south latitude, and
37° 18' west longitude. The land in which this bay
lies was at fi rst judged to be part of a great continent, but
upon coasting round the whole country, it was found
to be an island about 70 leagues in circumference. The
first projecting point which had been fallen in with, in
making this circuit, was one in the immediate vicinity

of Bird Island, to which had been given the name of
Cape North. Also between Cape BuUerand Possession
Bay there intervenes the Bay of Isles, so named from
several small isles lying in and before it. To the pro-
jecting land, which next occurred afler passing Posses-
sion Bay, and which lies from Cape Buller at the dis-

tance of II or 12 leagues, was given the name of Cape
Saunders, beyond which is a pretty large bay whicli
was called Cumberland Bay. In several parts in the
bottom of this, as also in some other bays lying between
Possession Bay and Cape Saunders, there were vast
tracts of snow or of ice not yet broken loose. Further
onwards a jutting point which terminated in a round
hillock, was named Cape Charlotte, the bay to the west-
ward of it Royal Bay, and its most westerly point Cape
George. This last is also the east point of Cumberland
Bay, lying from Cape Saunders in the direction ofsouth-
east by east, at the distance of seven leagues. Its dis-

tance from Cape Charlotte is six leagues. In the di-

rection from Cape Charlotte of south by east, and eight

leagues distant, is an island which received the appella-

tion of Cooper's Isle. This is a rock of considerable

height, and about five miles in circuit. The coast be-
tween this and the just named cape forms a large bay,
which was denominated Sandwicli Bay. At Cooper's

Isle the main coast takes a south-west direction, for the

space of four or five leagues, to a point which obtained
the name of Cape Disappointment Off this there are

three small isles, the southernmost of which is green,
low, and flat, and lies at the distance from the cape of
one league. Still further onward in the same direc-

tion, and at a distance of about nine leagues, there oc-

curs an island which was named Pickersgill Island,

beyond which a little way a point came in sight tba*

1
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exactly united with the part of tlie coast that liad been

, first seen, and from whicn the departure had been taken

in the circumnavigation, by which the insular character

of (Jeorgia was now fully proved.

From what was observed of Georgia in tlie progress

around it, it woidd appear to abound with bays and
harbours, particularly on the north-east coast. These,

however, from the great quantity of ice, either within

themselves, or in the vicinity, must, for the greatest

part of the year, be rendered inaccessible, or at least in

respect of the occasional breaking up of the ice-cliffs,

they can afford but a very insecure station for ships..

The whole coast in general, particularly the south-

western parts of it, were observed, notwithstanding that

it was then the height of summer, to be in a manner
wholly covered, even to the depth of many fathoms,
with frozen snow. The sides even, and craggy sum-
mits of the lofty mountains, were cased with snow and
ice, while the coast at the bottom of the bays was ter-

minated by a wall of ice of considerable height, and the

quantity ofsnow that lay in the vallies was quite incre-

dible. There seemed reason to believe, that though a

great deal of ice might be formed upon, or around the
island during the winter, which in spring might be
partly broken off and dispersed over the sea, yet so
little of the quantity that was actually seen there could
be so protluced, that there must be somewhere, at no
great distance, a much more extensive tract of land,

though not then discovered, or otherwise the ice must
be formed independently of any connection with land.

The dangerous nature of the navigation in the circum-
stances alluded to may easily be conceived. Indeed
it is mentioned that from the ice-cliffs, situated at the
head, and on each side of one of the bays, pieces were
continually breaking off, and floating out to sea, and
that the noise from a great fall that took place while
our navigators were there, was like that of discharged
cannon.

It is stated as a remarkable circumstance in regard
to this island, that upon the whole of its coast there
was not observed any where a single river, or even so
much as a stream of fresh water. The conclusion to

which this appearance not unreasonably led, was, that
there are in the country no perennial springs, while the
interior parts, from their great elevation, never enjoy
heat enough to admit of the snow being melted in such
quantity as to produce a river or stream of water. In-
deed, it is on the coast alone that there is, at any sea-
son, a sufficiency of warmth to melt the snow, and that
too only on the north-east side ; for in the other parts,
not only are the sun's rays in a great measure exclu-
ded by reason of the uncommon height of the moun-
tains, but even the cold south winds, to which they
are so much exposed, might almost of themselves be
sufficient to prevent this taking place.

So far as the interior parts of Georgia were observed,
the appearance which they exhibited was found to be
not less savage and horrible than that of its coast. The
wild rocks raised their lofty summits till they were lost
in the clouds, while the vallies lay covered with ever-
lasting snow. Not the vestige of a tree, or even of
the minutest shrub, was to be seen. The only vegeta-
tion that was discovered, was a coarse strong-bladed
grass, growing in tufts, wild burnet, and a plant likes
moss, which sprung from the rocks.
Of animals, seals or sea bears were observed to be

pretty numerous ; the shores, indeed, even swarming.

with tlieir cubs. There were also seen several flocks

of penguins, of a very large size ; some of them that

were killed weighing not less than from 29 to 38
pounds. These were of the class of penguins which had
previously been noticed at Falkland islands. The
oceanic birds were albatrosses, common gulls, likewise
that .sort of them to which has been given the name of
Port Egmoijt hens, terns, shags, divers, the new white
bird, and a small bird like those of the Cape of Good
Hope, called yellow birds, which were found to be
most delicious food. The only land birds that were
observed, were a few small larks. No quadrupeds were
seen, nor any vestige met with of the existence in the
island of any, except some dung, which it was judged
might have proceedetl fi-om a fox or some such animal.
Though the lands, or rather the rocks, bordering on-
the sea-coast, were not like the inland parts, entirely

covered with snow, the only vegetation that could be
seen on the clear places, was the grass already men-
tioned. These rocks seemed to contain iron. They
are of blackish horizontal slate, probably approaching
to hornblende. See Cook's Second Voyage, vol. ii. (k)
GEORGIUM Sinus. See Astronomy, page 649-

The new discoveries relative to this planet will be found
under Uranus, the name which is now universally

adopted among astronomers to designate this celestial*

body.

GERA, is a town ofSaxony, and capital ofthe estates'

of the count of Reuss. It is situated in a pleasant mea-
dow on the right bank of the river Elster. The town,
which is well built, was destroyed by a dreadful fire,,

but has been rapidly recovering its importance. The.
manufactures of this town are so numerous and flou-

rishing, that it has received the name of Little Lcipsic.

They consist principally in woollen stuffs, and of stuffs

made of wool and silk, which are well known by the
name of stuffs of Cera. The musical instruments ma-
nufactured here by M. Frederici, have been greatly es-

teemed. The house and residence of the Count of
Reuss is near the town. The baths of Rennebourg are

about It leagues from Gera, and are situated in a charm-
ing countrj', in which both nature and art have combi--
ned their embellishments.

The meadow on which the town stands, is surround-
ed on the east and the west by fertile mountains, ani.
profitable forests, which produce plenty of wood both,

for carpentry and fuel, as well as excellent building,

and paving stones, lime, gypsum, and other valuable

minerals. Game and fish abound in the neighbourhood.
Gera is a great thoroughfare, as the great roads of Leip-
sic pass through the town.
GERMAIN EN Lave, St. a town of France, in the-

department of the Seine and the Oise, situated on high
ground on the western bank of the Seine. The cha-

teau or palace, which was erectetl by Francis I. and en-
larged by several succeeding kings, is an ugly building

surrounded with a fosse, and built chiefly of brick. It

has for some time been used as a military school ; but
in 1814, when visited by the writer of this article, this

establisliment was removed to some other place. On
one side of the palace is the front of a superb church,

which has never been completed. The view from the
terrace is most extensive and magnificent, the ground
before it up to Maisons sloping beautifully down to

the river. The principal manufactures in this town are

those of leather and skins, similar to those ofLiege and
Rheims. Population 9000.
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GrEnMANY is divided among such a number of sove-

reigns native and foreign, and its natural boundaries

are so obscurely marked, that it is difficult, and at first

sight seems improper, to describe it as a single country.

But when it is considered, that, in respect to name, lan-

guage, and inhabitants, it possesses a unity of charac-

ter, from which it derives a fair and solid claim to occu-

py a separate place among the divisions of Europe,

and that although its extreme hmits are not easily as-

certained, the great mass of which it is composed is suf-

ficiently identified, we trust we shall be justified in ma-
king it the subject of a separate though short article.

In order, however, that this article may not repeat or

anticipate what the reader will naturally look for under

the heads of Austria, Bavaria, Hanover, Prussia,

Saxony, and the other states ofGermany, we shall con-

fine it to the three following points : I. A briefdescrip-

tion of ancient Germany, and of the manners, &c. of
its inhabitants ; II. The principal revolutions and events

of the Germanic empire, as separate and distinguished

from the respective histories of Austria, Prussia, &c.

;

and lastly, an outline of the statistics ofGermany.
I. Ancient Germany was divided on the west by the

Rhine, from the Gallic provinces ofthe Roman empire;
and on the south by the Danube, from the Illyrian pro-

vinces of the same empire. It was divided and pro-

tected from Dacia or Hungary, by a ridge of hills call-

ed the Carpathian mountains, which rose from tlie Da-
nube. The Hercynian Forest, at that time reckoned
impenetrable, and a frozen ocean, described by the an-
cients as lying beyond the Baltic, if by it they did not
mean the Baltic itself, were the limits of Germany on
the north and north-west. On the east the boundary
was still more faintly marked, or rather, it was fre-

quently varying and confounded, by the mixture of tlie

wavering and confederate tribes of the Germans and
Sarmatians. From this description of the boundaries
ofancient Germany, it will be seen, that, independently
of the province westward of the Rhine, which appears
to have been a colony of Germans settled within the
limits of Gaul, it extended itself over a third part of Eu-
rope.

Our most accurate, full, and important information
respecting ancient Germany, is derived from Tacitus.
This author first mentions two colonies, the Helvetii
and Boii, which had returned from Gaul into Gennany.
The Vangiones he describes as living on the west side
of the Rliine ; and the Batavi, in the isle formed by the
outlets of that river. Beyond the people between the
head of the Danube and the Rhine, lie places the Catti

;

and further up on the Rhine, the Usipii, &c. ; next the
Bructeri; behind tliem the Dulgubini ; and in front
the Frisii. After this he mentions, that the coast of
Germany turns to the north, which it does at Frieze-
land and Groningen. This circumstance sufficiently
determines the positions of the tribes hitherto mention-
ed. Next he mentions the Chauci ; then the Cherussi
and Fosi ; the remains of tlic Cimbri, so formidable and
numerous before the time ofTacitus, but when he wrote
parva chitas, seem to have inhabited the country near
the motith of the Elbe. The Sucvi, divided into many
tribes, occupied the greatest part of Germany, viz. all
from the Danube to the ocean, south and north ; and
from the Elbe to the Vistula, west and east. The first

tribe were the Semnones, who inhabited Brandenberg ; Gen

then the Longobardi, in Lunenberg. Seven small tribes ^*~"

follow next, who seem to have occupied the peninsula
of Jutland. Among these were the Angli. Having thus i

proceeded to the utmost north of the west parts of Ger- '!

many, Tacitus proceeds to the description of tiie nations '

along the banks of the Danube : the principal of which
were the Hermundurii ; then the Narjsci about Nurem-
berg; the Marcomanni, whose country anciently reach- 'i

ed from the Rhine to the head of the Danube, and to

the Necker, but who afterwards went and settled in Bo-
hemia and Moravia, and some of them in Gaul, whence
they forced the Boii to return into Germany. The
Quadi were situated next to Bohemia, extending from
the Danube to Moravia, and tlie northern part of Aus-
tria. After mentioning the remotest nations in this di-

rection, Tacitus returns northward, informing us that

a large chain of mountains divided Suevia, beyond '

which were the Lj'gii, consisting of many nations. i

They inhabited the present Silesia ; above these were
the Gotthones, at the mouth of the Vistula ; next from ]

thence on the ocean, were the Rugii, in Rugen ; then |

the Lemovii, who appear to have dwelt to the west of i

the Rugii, and hence probably near Lubec. After this i

Tacitus proceeds to the Suiones, who, by most geogra-
\

pliers, are considered as the Swedes, but, as Pinkerton
contends, more probably the inhabitants of the Danish
islands in the Baltic. After the Suiones, Tacitus passes

to the Estii, whom he describes as situated on the right

hand, as you sail up the Siievicmn Mare, or probably in

the peninsula beyond the present Dantzic. The Si-

tones seem to have been the present Swedes ; and the

Fenni, the inhabitants of Livonia. Such, according to

Tacitus, were the principal tribes that inhabited ancient

Germany in his time.

The ancient Germans were distinguished by their xhcE
blue eyes, red hair, and large stature. Their children tomji

were always kept naked and dirty ; every mother suck- i""^

led her own infants, and did not commit them to the I

care of maid-servants or nurses. There was no distinc- '

.

tion in the mode of rearing the master and slave. They '

lived among the same cattle, and lay on the same'

ground, till age caused them to be separated, and supe-

rior valour marked out the free born. They were not

permitted to marry early in life ; the more numerous a

person's kinsmen and relations by marriage were, the

more comfortable and resjiectable was his old age: it

was no advantage, but rather considered a misfortune

and disgrace, to be childless. The uncle, by the mo-
ther's side, regarded his nephews with the same affec-

tion as their father : every man's children were his heirs

and successors, without any testament : if tliere Werd
no issue, the brothers of the deceased inherited the pro-^

perty, and then his uncles, by his father's or mother's

side. The ancient Germans were utterly ignorant of

arts and agriculture. Tacitus expressly says, that irf

his time they had no cities ; and though Ptolettiy rec-

kons up 90 places, which he calls cities, in all probabi-

lity they were only rude fortifications, erected to se-

cure the women, children, and cattle, while the men
Were engaged in warfare. They had not even regular

and connected villages, but each individual fixetl his

dwelling where it suited his convenience, or pleased

liis fancy. Neither stones, nor bricks, nor tiles, were

iJ
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employed in erecting their Iwbitatidiis. Tiiey were

e(iiiiillv riiilc mill ill supplied with roipeet to tiieir ro-

venuiient. Tlic clothiiii; lived liy all the Germans was

a loo-if mantle, I'lisfened with n clapp, or, when that

cuidd not l>e procured, with a thorn. 'J'lie rieh, how-
ever, sonieliines were clothed in n jfarnicnt, girt close,

and showing the shape of every h'nil>. The tribes who
dwelt towards the north, clothed themselves in furs:

the dress of the women was not difl'erent from that of

the men, except that they sometimes wore linen robes of

their own manufacture, and adorned tliem with jmrple.

The principal employment of the men, in time of peace,

consisted in hunting the various sorts of game, with

which the forests of Germany were plentifully stocked:

their herds of cattle formed the principal object and
source of their wealth. The country, though consider-

ably varied, was in general covered with woods, or de-

formed by marshes ; and the indolence and ignorance of

the inhabitants jireveiited them from rendering any
large portion of it fit for the growth of corn. Gold,

silver, and iron, were extremely scarce : the scarcity of

iron appeared from their weapons, which, for the most
part, were spears tipt with a short and narrow piece of

iron. With this spear, and with a shield, their cavalry

went to battle. The infantry had also missile wea-
pons, which they threw to a great distance, with won-
derful force ami unerring aim. Their warriors were
either naked, or dressed in a loose and light mantle.

Their shields of wood, or osier, were distinguished and
ornamented with a variety of colours ; some of the

chiefs wore cuirasses, and a few helmets. Their horses

were slow, unmanageable, and not remarkable for their

beauty. On their cavalry, therefore, they seldom pla-

ced much reliance in the hour of b.ittle, their principal

strength in general consisting in their infantry, which
were drawn up either mixed with the cavalry, or in se-

veral deep columns by themselves. They fought by
families and clans ; and while they fought, they were en-

couraged by the presence of their wives and children.

'I'heir mothers and wives dressed their wounds ; car-

ried refreshments to them while fighting ; and exhort-

ed them to deeds of bravery. Their armies were total-

ly devoid of discipline; they i"ushed to battle with dis-

sonant shouts. .Sometimes, by their native valour, they
prevailed over the disciplined troops of the Romans;
but they knew not how to rally or retire ; a repulse was
a sure defeat ; and when they were defeated, the de-

struction of their army almost inevitably followed.

The ancient Germans in general enjoyed great free-

<lom ; there were, however, some exceptions. Tacitus
informs us, that among the Suiones riches were held in

lionour ; and that they were therefore subjects to an ab-

solute monarch, who, instead of entrusting his people
with the free use of arms as in the rest of Germany,
committed them to the custody of slaves. The same
historian mentions, that the Sitones were sunk even be-
low servitude ; they obeyed a woman ! The rest of
the German tribes either had no king, or chose their

kings solely on account oftheir nobility and valour. The
power of the former was restrained anil defined by law
or usage ; and the latter commanded rather by example
tlian authority. As soon as a youth, bom of free pa-
rents, attainwl the age of manhood, he was admitted in-

to the general council of his nation, invested with a
spear and shield, and henceforth regarded as a member
ofthe commonwealth. This general council met either
at stated periods, or on sudden emergencies. To it

was entrusted the trial of p'.iblic oBences, the election
VOL. X. PART I.

of roapistrntes, and the eoncem* of peace and war. Grmany.

Sometime? a select council prejiared the business for
^"^^^"^

the assembly ; but the executive power w.ns vested ex-

clusively in the people. The applause of the assembly

was generally signified by a loud clashing of shicld.'i

and spears. The magistrates were chosen from n rt-

g:ird to birth and merit. To each was a.ssigned a

guard, and a council of one hundred persons. The dis-

posal of the landed property within their district was
absolutely vested in their liands, and they distributed

it every 3-car according to a new division ; but tlicy

were not permitted to punish with death, to imprison,

or even to strike a private citizen, except s\ich magis-

trates as had the command in time of war. None but

the priests were permitted to put to death, to bind or to

scourge, in order that punisl)ment might appear to pro-

ceed from the gods, and not from the'rfe'.low-citizens.

Their chiefs were desirous of being surrounded by
youths of noble birth, and tried valour; and the youths

of this description were no less anxious to be numbered
among the faithful comjjanions of some renowned chief.

In the hour of danger, it was shameful for the chief to

be surpassed in valour by liis companions, and disgrace-

ful to them not to emulate the behaviour of their chief.

To outlive his fall in battle was infamy ; while to pro-

tect his person was their pride and honour. In time of
peace, the chiefs sent their companions into some distant

country to acquire renown. The horse, or the lance,

were the rewards of valour and enterprise, which the

companions expected and received. At his board they

were entertained ; this was their only pay.

The ancient Germans had no temples, but perform- Religion,

cd tlieir religious rites in groves, or in woods, forests,

and desert places. They adored the sun, the moon, the

fire, and the earth. Jupiter was worshipped under the

name of Thor, or Thoran, the Thunderer. Odin, or

Wodin, appears to have been their Mars, or god of bat-

tle. The supreme deity was worsliipped under the

name of Esus, or Hesus, and under the emblem of an
oak, which was consecrated to him. They had no
druids, though their priefts bore some resemblance to

them in several points of their authority. The priests

exerted the influence w hich they possessed over the fears

and superstition of their countrymen, frequently to very

usefid pm-poses. They maintained silence and decen-

cy in the po|mlar assemblies ; and during a solemn pro-

cession of the goddess Ertha, the sound of war was
hushed, quarrels were suspended, arms laid aside, and
the blessings of peace and hai-mony were enjoyed. In
war too, the influence of the priests was conspicuous.

The consecrated standards, which during peace were
kept concealed from the vulgar eye in the recesses of

the sacred groves, were placed in the front of the bat-

tle ; and the aiTny of their enemies was devoted in the

most solemn manner to the gods ofwar and of thunder.

They were tiiught by their priests, that a brave man
was the favourite of their gods ; while the coward, who
had lost his shield, was devoted equally to contempt

and banishment in this world, and shut out from the en-

joyments of a future state. A life spent in arms, and
a glorious death in battle, they were taught assuredly

le<l to a hajipy futurity, either in this or in .-uiother

world. The CJermans paid the greatest attention to

omens, particularly to that species of divination that

was performed by means of twigs, marked in a particu-

lar manner, and laid on a white cloth. One presage of

futurity, Tacitus says, was peculiar to them, that deri-

ved from the neighing of horses ; but this was also much
i I
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regarded by thu Persians ; ami pci-Iiaps may be reg:trd-

ed as an additional proof of the opinion, that the Goths,

and consequently the Geriioans, originated in Persia.

Another kind of divination, to whiih they had recourse

in wars of doubtful issue, was to oblige a captive of the

enemy to fight with one of their countrymen : the event

of the war was supposed to be foretold by the issue of

this single combat.

The ancient Germans in general did not practise po-

lygamy ; and even when their princes married more

wives than one, it was done only for the sake of multi-

plying their alliances. There was no law proliibiting

divorces, but the force of example and customs render-

ed them extremely rare. The adultress was whipped

through the village j and neitlitr wealth nor benuty

could save her from this punisliment, or procure her

a second husband. The Germans treated their wo-

men very differently from other barbarous and ancient

nations ; regai-ding them with esteem and confidence

;

consulting them on every occasion of importance, and

believing that they were inspired by the gods with a

larger portion of sanctity and wisdom than had been

bestowed upon the men. The funerals of the Germans
were remarkable for their plainness, and freedom from

pomp and show; only the bodies of illustrious men
were burnt with certain kinds of wood. The funeral

pile was not, as among the Romans, covered with gar-

ments and rich perfumes. The arms of the deceased,

and sometimes his horse, were committed to the flames.

A mound of earth was reared for his tomb : they then

deposited the ashes in urns. The passion of the an-

cient Germans for play was extremely powerful. In

their sober moments they applied to dice, as to a seri-

ous and important concern, and with such resolved and
blind eagerness to gain or lose, that when every thing

else was gone, they risked their liberty and persons on
the last throw. The loser, though more powerful or

more noble than the winner, submitted to voluntary

slavery, and suffered himself to be bound and sold.

Still, however, notwitlistanding the strong and general

prevalence of the spirit of gaming, some shame was at-

tached to it, which induced the winner, as speedily as

possible, to dispose of the slave he had acquired in this

way, by commerce, in order to wipe off the scandal of
the transaction. The slaves of the Germans were much
better treated, and of a higher class than the slaves of
the Romans ; each had his own dwelling ; he was in-

deed bound to give his master, from the fruits of his

own labour, a certain portion of grain, and a certain

number of cattle ; but when he had given these, his

labour was his own. As soon as the ancient Germans
rose from sleep, which they seldom did till broad day-
light, they first bathed, generally in warm water ; they
then sat down to their meal, each on a distinct seat, and
at a separate table. Their drink was a liquor extracted
with very little art, from wheat or barley, and ferment-
ed to a spirit. Those bordering on the Rhine, pur-
chased wine : their food was simple, consisting of wild
apples, venison, or coagulated milk. They were tem-
perate in what they ate, but quite the reverse in what
they drank.

Such were the ancient Germans ; and their manners
are not only interesting, as exhibiting the state of a
people before they emerged from barbarism ; but the
contemplation of them is instructive in more than
•ne respect. In the first place, we may cleaily trace
among the Germans that respect for the female sex,
which 60 decidedly and honourably distinguishes the

modern nations of Faroi^e, from the Greeks and Ro-

mans. In the second place, even amidst the forests of

Germany, as has been frequently remarked, the germs

of civil liberty—ot tiiat enlifjhlened liberty wi.icli Bri-

tain enjoys—m:iy be traced ; and lastly, among tiie same

people, evidently existed many institutions remarkably

similar to the institutions of Chivalry, as has already

been shewn under that article.

II. Before proceeding to a sketch of the principal re-

volutions of the Germanic trnjiire, it may be proper to

premise a vcr> brief and rapid view of the more pro-

minent and important points in the history of Germany
before that empire was formed.

The invasion of Italy by the Cimbri and Teutones ;

their defeat by Marius, A.M. 3909; the invasion of

Gaul by the bortlerers of the Rhine, under Arinristus,

and their defeat by Julius Caesar, A. M. 35)50, are al-

most the only events of consequence in the history of

Germany, before the Christian era, of which we have

any certain account. When Caesar had completed the

conquest of Gaul, he divided it into the Celtic, the

Aquitanic, and the Belgic provinces; in the last, all

the German provinces on the left side of the Rhine
were compri ed. In the reign of Augustus, a further

division took place, and the country lying between

the Meuse, the Scheldt, and the Rhine, was sepa-

rated frtra Jjelgic Gaul, and formed into a province,

called Germania cis-Rhonanas. In A. M. 3995, the fa-

mous Arminius, at the head of the Cherusci, massacred

three Roman legions under Varus, between the Lippe

and the Ems. In the third century of the Cliristian

aera, the German tribes formed different associations for

their common defence against the Romans. Of these

the most remarkable were the Saxons, comprising those

who dwelt on each side of the Elbe ; the Alemanni,

formed by the nations between the Rhine, the Mayne,
and the Lech ; the Francici, by the nations between

the Rhine, the Mayne, and the Weser, and the Thurin-

gians, by the nations between the Mayne, the Danube,
and the Hartz. Charlemagne was the first who united

Germany under one sceptre. The name of Oriental

France, may be traced in Franconia ; the people of

Hesse and Thuringia were incorporated by a similarity

of religion and government. The Alemanni still con-

tinued the faithful confederates of the Francs. The
hereditary dukes of Bavaria, having repeatedly revolt-

ed against the emperor, their power was shared among
the counts of the empire. The north of Germany from

the Rhine, and beyond the Elbe, was still hostile and
pagan; but after a war of thirty-three years, the Saxons

were subdued and converted. Beyond the Elbe, the

Slavi occupied modern Prussia, Poland, and Bohemia

;

the first union of the last of these countries with the

Germanic body, took place under Charlemagne. Soon
after the reign of this monarch, his empire was divided;

and one of his grandsons, Lewis the German, obtained

for his share all Germany from the Rhine to the Oder,

and the three cantons of Mentz, Spire, and Worms.
These were called Francia Orientalis, and afterwards

the kingdom of Germany. Till the reign ofCharles the

Bald, the Teutonic or German was the language of

the court. In his time, the Romanic, afterwards called

the French language, came into use. The three king-

doms were reunited in Charles the Fat ; but when
he was deposed by his subjects, they were again sepa-

rated. From the confines of the kingdoms of France

and Germany, two new kingdoms arose ; viz. Lorraine

and Burgundy ; the former comprehended part of Ger-
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many, viz. Alsace, the Palatinate, Treves, Cologne,

Juliers, and Liege. Soon after the division of the

empire of Charlemagne, the feudnl system gained a

consistency and firm footing, so that by degrees it

overpowered the influence and authority of his descen-

dants. In consequence of the weakness of tlie Carlo-

vinn'ian princes, the dukes and counts converted their

hcrctlitary possessions, which they parcelled out among
their barons, and those among their vassals. The prin-

cipal of these in Germany were the Dukes of Fran-

coni.i. Saxony, Bavaria, Suabia, and Lorraine. These
usurpations, joined to the incapacity of the Carlovin-

gian prince.', caused the house of Charlemagne to de-

cline rapidlj". In Germany, on the abdication of Charles

the Fat, the pceple, from respect to the memory of

Charlemagne, placed the crown on the head of Arnold,

a natural son of Carlomnn, and after the decease of

Arnold, on Louis, his son. On the death of Louis,

they elected a duke of Franconia for their king, and
then a Saxon line of princes

«rorsof The Emperors of the house of Saxony reigned from
ouse of A. D. 91 1, to A. D. 1024. They were Henry I. sur-

named the Fowler; Otho I. sumamed the Great; Otho
II. Otho III. and Henry II. During the period that

the throne was filled by the Saxon Emperors, the li-

mits of the empire were extended, chiefly by Otho the

Great. A portion of Gaul, to the west of the Rhine,

along the banks of the Meuse and the Moselle, was
assigned to the Germans. Between the Rhine, the

Rhone, and the Alps, the successors of Otho acquired

a vain and doubtful supremacy over the kingdoms of

Burgundy and Aries. In the north, the Slavonic na-

tions of the FJlbe and Oder weresubductl. The marches
of Brandenburg and Sleswic were colonized by Ger-

mans ; and the King of Denmark, and the Dukes of

Poland and Bohemia, became the tributary vassals of

Otho the Great. The same monarch subdued the king-

dom of Italy, delivered the pope, and fixed the impe-
rial crown in the name and nation of Gennany. From
that era, A. D. 962, two maxims of public jurispru-

dence were introduced : I . That the prince, who was
elected in the German diet, acquired from that instant

the kingdoms of Italy and Rome ; and, 2d, That he

could not legally assume the titles of Emperor and Au-
gustus, till he had received the crown from the hands
of the Pope.

With respect to the principal states which composed
Germany during the reign of the Saxon Emperors, a

lu uiy at considerable portion of that part of Gennany which
oiic.'ied.

ijgg Qj, gj,(.}j gjjg of the Mayne, was known by the va-

rious appellations of Nova Francia, Francia Orientalis,

Francia Teutonica, Ostrofrancia, Austrasia, and Fran-
conia. The space between this part of Germany and
the Upper Elbe, called Saxonia, and Alemannia, was oc-

cupied by the Thuringians. At this period, the Saxons
had left the Oder, and were spread from the Elbe
to the Ems, reaching Francia and Thuringia on the
south. The country between the Weser and the Meuse
was called Friaia; that between the Rhine and the

t

Meuse, Austrasia ; the tract lying between the Rhine,
the Necker, and the Lech, was divided between the
Suevi and the Alemannl ; and the country between the
Lech, the Alps, and the Anisa, was called Boisaria, the
modern Bavaria. On the east of this was Austria.
Moravia was called Austria Maharensis ; modern Bo-

JH
hernia was railed Boheim.

fff It has already been mentioned, that in the time of
Tacitus, the Germans did not live even in villages ; as,

however, they spread themselves over the country on

i

the west of the Rhine, they began to inhabit villagcK, Ocruiaj y,

and even to construct towns; so that at an early period, "'~^(''"~'

after the Trilwci, Nemetes, and Vangiones, settled in Citic*.

the country between the Rhine and the Vosges, the

cities of Strasburgh, Spire, Mentz, and Worms, arc

mentioned. Under the Francic sovereigns, cities were
multiplied ; and by Henry the Fowler, they were par-

ticularly encouraged by a singular institution. From
the troops stationed in Gennany, he chose every ninth

soldier ; the remaining eight were to sow and till the

land, and to carry the produce to the ninth, whose
business it was to build habitations for himself and his

companions. By degree.i, the lower order of the peo-
ple united themselves to these soldiers ; and the Em-
peror ordered the courts of justice, fairs, tournaments,

&c. to be held in the cities they constructed. His ex-

ample was followed in the other parts of Germany, so

that in a short time it scarcely contained a district of

any extent, which had not its city. To each of them
exclusive privileges were granted ; the most important

of which were the jus stopulcc and the jus geranii ; by
the former, all commodities brought into them were
exposed to public sale ; by the latter, all commodities
imported or exported, were to be weighed or measured
by the public weights or measures of the city, for

which it was entitled to a duty. At first, the chief

magistrates were of noble birth ; but by degrees, the

chief offices were opened to the people at large. Thus,
soon after the era of the Saxon Emperors, there were
in almost every town three different classes,—nobles,

citizens, and slaves ; but, about the beginning of the

1 2th century, Henry V. enfranchised all slaves in ci-

ties who were artizans.

The emperors of the house of Franconia were called Kmperorsof
to the throne, after the Saxon emperors ; they reigned the house of

from 1 027 to 1 137. They consistetl of Conrad II. who Kranamia.

conquered the kingdom of Burgundy; Henry III. who ^^' 2*'-

conquered the country between the Inn and the Lech, .-.oj

now called Lower Austria; Henry IV. and Henry V.;

on the death of the last, Lothaire the Saxon was elect-

ed King of Germany. Under Henry III. the empire
of Germany had its greatest extent It comprehended
Gennany, Italy, Burgundy, and Lorraine. Poland,

and other Slavonian districts, were tributary to it ; and
Denmark and Hungary acknowledged themselves its

vassals. The Emperors of Germany at this period af-

fected to consider all Christendom as forming a royal

republic, of which the Emperor was chief. In conse-

quence of this assumed supremacy, they claimed the

exclusive right of creating kings ; and the states of

the em])ire proclaimed war against the Duke of Poland
for having taken to himself the title of king, in 1077.

Soon after reaching this point of power and grandeur, Decline of

the empire began to decline, principally owing to the the empirr-

rapid extension of the feudal system. In everj' pro-

vince, the subjects of the law were the vassals of a

private chief; and the standard which l»e received from
his sovereign, was often raised against him. The
power of the Emperors was also curtailed by the in-

creasing influence and possessions of the clergy ; and
the bishoprics in Germany became equal in extert and
privileges, and superior in wealth and population, to

most of the secular states. The emperors were gradu-

ally deprived of the privilege of filling up the ecclesi-

astical and secular benefices ; and at length each sove-

reign was reduced to a recommendation, once in his

reign, to a single prebend in each church. The secu-

lar governors could be degraded only by the sentence

of their peers ; the appointment of the son to the

3
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duchy or county of his father, wliich m the first age

of tlie monarchy was solicited as a favour, was at length

extorted as a rigiit ; and this right was claimed even

by collateral or female branches.

The emperors of the house of Suabia succeeded to

those of the liouse of Franconia, and held the empire

from A.D. 1138, to A. D. 125k They were Conrad

III.; Frederic I. suniamed Barbarossa; Henry VI.;

Philip; Otho IV.; Frederic II.; and Conrad IV. The
principal events in the history of the latter princes of

the Franconian line, and of all the princes of the Sua-

bian line, were produced or influenced by the contests

between the popes and the emperors ; and the princi-

pal ground of these contests was the claim of the

popes to the supreme dominion of every part of the

Christian world, both in temporal and spiritual concerns.

This claim gave rise to the factions of the Guelphs and
the Ghibelines ; of which the former were attached to

the popes, and the latter to the emperors. These two
factions kept Germany and Italy in perpetual agitation

during three centuries; and during this period, the im-
perial authority continued to decline.

The next period, between 125 1 and 1272, is general-

ly called by the German writers, the Great Interregnum.
During it, six princes claimed to be emperors. Tlie in-

terregnum was determined by the election of Rodolph,
Count of Hapsburgh. From him till the ultim.ite ac-

cession of the house of Austria, the empire of Germany
was held by the following emperors. Rodolph Count
of Hapsbui-g, elected A. D. lav.*?. Adolph, Count of
Nassau, elected A. D. 1292. Albert I. Archduke of Aus-
tria, elected A. D. 1298. Henry, Count of Luxemburg,
elected A. D. 1308. Louis V. Duke of Bavaria, elected

A. D. 1314. Charles, King of Bohemia, A. D. 1347.
Winceslaus, King of Bohemia, A. D. 137S. Robert,
Elector Palatine, A. D. 1400. Sigismond, King of
Hungary, A. D. 1410. And Albert II. Duke of Aus-
tria, A. D. 1438. During the period between the last

accession of the house of Hapsburg and the election
of Charles V. the empire was possessed by the follow-
ing emperors. Frederic III. elected A. D. 1440; Maxi-
milian I. elected 1493; and Charles V. elected A. D.
1519.

During this period, the boundaries of the Germanic
empire, the form of its government, and the rise of its

towns, particularly those which composed the Hansea-
tic league, are the chief subjects of consideration. Its

boundaries were the Eyder and the sea on the north

;

the Scheldt, Meuse, the Saone, and the Rhone, on the
west ; the Alps and the Rhine on the south ; and the
Lech and Vistula on the east. In this great extent of
country, the principal provinces were the duchy of Bur-
gundy, comprising Savoy, the Lesser Burgundy, Pro-
vence, Dauphiny, and Switzerland : the duchy of Lor-
raine, which, besides Lorraine, contained Holland, Zea-
land, Brabant, Limburgh, Hainault, Flanders, Guel-
(Ires, and Luxemburgh. Friesland was attached to
Lorraine, but was not governed either by a duke or a
count. When the line of Suabian princes ceased, tlie

ancient Alemannia and Franconia, in which their pos-
sessions chiefly lay, was divided into various principa-
lities. At this period. Saxony was divided by the We-
»er into Eastern and Western. The former was some-
times called Saxony on the Elbe; the latter Saxony on
the Weser. Misnia, Thuringia, and Hessia were usual-
ly comprised under Saxony. The Slavic territory, be-
tween the Oder and the Vistula, was occupied by tlie
Margraves of Brandenburg, and the Dukes of Poland
and Bohemia. To the last, Moravia, Silesia, and Lusa-

tia were subject. Pomerania and Prussia were at this

period in a very unsettled state. Bavaria still retained

the name of Boisaria. To the cast of it, a considerable

tract was called Marchia Orientalis, or Oostrich ; after-

wards Austria. The empire was always elective ; but
great alterations took place in the mode of election. In
early periods, the emj)eror was chosen by the people at

large: afterwards the nobility and principal officers of

state possessed the privilege exclusively ; by degrees, it

was engrossed by the five great officers, the chancellor,

the great marshal, the great chamberlain, the great but-

ler, and the great master. At first they contented them-
selves with proposing a candidate to the general body
of electors. Afterwards they confined the whole right

of election to tiiemselves. This mode was finally settled

in the reign of Charles IV. by the celebrated constitu-

tion called the Golden Bull, which fixed the right of
election in four spiritual and three temporal electors.

These were, the King of Bohemia, the Duke of Saxony,
the Margrave of Brandcnburgh, the Count Palatine of

the Rhine, and the three archbishops of Mentz, Treves,

and Cologne. Subsequently, the Duke of Bavaria and
the Duke of Brunswick Lunenburgh were added. The
multitude of princes, bishops, abbots, and male and fe-

male nobles, who, under various names, possessed

sovereign rights, though all recognised the emperor as

their feudal lord, were divided into the primitive states,

or those which had always been held of the emperor, as

the duchies of Saxony and Bavaria, the Palatinate, and
several bishoprics ; those which arose on the ruin of the

Gu'jlphic family, in consequence of the confiscation cf
the possessions of Heniy the Lion ; those which arose

from the ruins of the Suabian family ; and those which
arose principally during the inteiTegnura.

But tliough the exclusive privilege of chusing the

emperor was confined to the electors, they formed only

one branch of the diet. The other two branches con-

sisted of the princes, and of the free and imperial cities

of Germany. In process of time, the college of princes

and prelates purged themselves of a promiscuous mul-
titude. They reduced to four representati\ e votes the

long series of independent counts, and totally excluded

the nobles, 00,000 of whom had often appeared in the

field of election. The cities of Germany, the origin and

first state of which has been already noticed, insensibly

became divided into the free cities, or those which held

immediately of the emperor, and had a voice at the diet;

the mixed cities, or those under the protection of some
prince, which had no voice ; and the municipal cities,

entirely subject to the states. The Hanse towns also

arose during the same period. They were originally

united for the support and encouragement of their com-
merce. Bremen and several sea-ports in Livonia first

established the confederacy. At one time 80 towns

were included in it. They were divided into four clas-

ses : the Vandallic, or the cities on the Baltic, between
Hamburgh and Pomerania; over these Lubeck presided:

the Rhinarian, or cities on the Rhine, at the head of

which was Cologne: the Saxon, the cities in Saxony

and Westphalia, over which Brunswick presided: and
the Prussian, the cities in Prussia and Livonia, at the

head of which was Dantzic. From the begiiming of the

15th century, Lubec was regarded as the head of the

whole confederacy. In the ibllowing century it decli-

ned ; in the middle of the 17th, it was almost wholly

confined to Hamburgh, Lubeck, and Bremen. Their

political existence terminated in 1 806.

Another important event in this period of the history

of Germany, is the division of the territories of the em-
5
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pire into circles. The first division of Germany wns

into the Upper anil Lower, or soutliern and northern

states. The line dividing them wa-s supposed to be

drawn easterly from the moutli of the Mayne. It was

aflerwanls geograpliiealiy divided into the states lying

on the principal rivers, as the Danube, Rhine, Sec. Max-
imilian tlie First divided it into ten circles, viz. Bava-

ria, Franconia, Suabia, Lower and Upper Saxony, Low-
er and Upper Rhine, Westphalia, Austria, and Burgun-
dy ; but the last, comprising High Burgundy or Franche

Compte, and the 17 provinces of the Netherlands, was
soon afterwards separated from the empire.

During the same period, the diets which had been
frequently held, were regularly and solemnly establish-

ed, consisting, as has been already noticed, of three

classes : the college of electors, of ecclesiastical and
secular princes, and of imperial towns. This divi-

sion was finally established at Frankfort in 1580.

The three colleges deliberated separately. The agree-

ment of them all, as well as the consent of the emperor,

was necessary to form a resolution or law of "the em-
pire.

Maximilian L also establishetl the imperial ahamber
and the Aulic council. The president of the former

was appointed by the emperor; the assessors by the

states. The Court Palatine, or Aulic Council, was es-

tablished as a check on the imperial chamber. Du-
ring the vacancy of the throne, its powers were sus-

pended ; but tile imperial council acted under the vi-

cars of the empire. There was no appeal from one to

tlie other; the dernier resort wns tlie diet. From the

accessioji of the house of Austria to the imperial tlirono,

the history of Germany may properly be sought for un-
der the article Austria. It will be necessary here,

however, to notice the leading events; Jinf, from the
division of the hou.se of Hapsburg into its Spanish and
German lines, till the final extinction of the latter in

the huiise of. Lorraine, or the period between 1558 and
1745 ; and, secondly, from the marriage of Maria The-
resa, till the abdication by the emperor of Germany of
the, imperial government of the empire, and the forma-
tion of the confederation of the Rhine, or the period
between 1715 and ISOti.

Tlie principal events in Germany during the first

• period, were the war of thirty years, wiiich began in

I6I8 and ended in 164.8; the war for the succession of
Spain, which began in 1700 and ended in 171.3; the

war for the succession of Poland, which began 1733
and ended 1 735 ; and the war for the succession of
Austria, wliich began 1740 and ended 1748. The war
of thirty years was principally owing to the religious

disputes of the l6th century. At the diet of Augsburg,
15o0, the Protestant princes of Germany delivered in

their confession of faith, and afterwards formed the
league of Smalkakl against the Emperor. At the peace
of Passau, the free exercise of the Lutheran religion
was permitted. In consequence of the disputes regard-
ing the succes.sion to the duchies of Cleves and Juliers,

the Protestant princes formed a confederacy, called the
Evangelical Union, at the head of which was the Elec-
tor Palatine. To this the Catholics opposed the con-
federacy called the Catholic League, and placed at its

head the Duke of Bavaria. From 1618, when open
war began, till the peace of Westi)halia in 1648, Ger-
many was a scene of devastation. By this peace, the
empire underwent considerable changes : the Swedes
obtained Pomerania; the house of Brandenburg ob-
tained Magdeburg, Minden, &c. ; Alsace was con-
quered by France ; and Lusatia ceded to Saxony. The
war for the succession of Spain not producing any

changes in the Germanic empire, need not be particu<

larly noticed : the same remark applies to the war for

the succession of Poland.

In Charles VI. the male stock of the hou.se of Haps-
burg expired : in his grandson Joseph, the two lines

of this family, after a separation of 1100 years, were
reunited. On the decease of Charles VI. Maria The-
resa, his only daughter, succeeded him. The first

event of importance, after her accession, was the war
of seven years. In consequence of the King of Prus-
sia invading Saxony and Bohemia, the Aulic Council
voted his conduct a breach of the public peace ; and the
Diet of the empire passed a decree to the same effect.

This made it a war of that kind, which the publicists

of Germany call a war of execution of the empire. The
event of the war was, that a mutual oblivion and resti-

tution took place. The next war was occasioned by the
extinction of the house of Bavaria : it ended in the peace
of Saxe-Teschen, by which the right of the Elector

Palatine to the succession was allowed, with the ex-

ception of some districts of land between the Danube,
the Inn, and the Salze, which were ceded to Austria.

No event affecting the Germanic empire took place

after this till the French revolution. By it the (jcrman
states on the left of the Rhine were first overwhelmed:
afterwards the power of Austria was reduced ; Bavaria

,

Wurtemberg, and Saxony, raised to the rank ofkingdoms,
and their territories considerably increased, principally

by the annexation of the smaller states. Shortly after the
treaty of Presburg, most of the princes in the western
and southern di\'isions ofGermany separated themselves
from the Gcnnanic body, and formed themselves into

a league under the protection of the Emperor of the
French, under the title of the Confederated States of
the Rhine. The contracting parties to this confedera-

tion were, the Emperor of the French on the one part,

and, on the other, the Kings of Bavaria and Wurtem-
berg; the Elector Arch-Chancellor, and the Elector of
Baden ; the Duke of Berg, the Landgrave of He»se
Darmstadt, the Princes of Nassau, Weilbourg, Usin-
gen, Hohenzollern Hechingen, Siegmaringen, Salra

S.alm, Salm Harberg, Isersbourg Bristein, Lichtenstein,

the Duke of Aremberg, and the Count of Leyen. By
the act of the confederation, all the laws of the empire
were abrogated with respect to these states : their com-
mon interests were to be discussed in an assembly of
the league at Frankfort, divided into two colleges of
kings and princes : the members of the confederation to
be independent of foreign powers, and not to enter into
any kind of service except among themselves ; the Em-
peror Napoleon to be protector of the alliance ; all tlie

princes, counts, &c. within the circle of the allied ter-

ritory to be subject to the confederation ; every conti-

nental VFar in which the Emperor of the French or the
confederated states mijrht be engaged, to be common
to both ; the contingents to be as follows : France
200,000 men; Bavaria 30,000 ; Wurtemberg 12,000;
Baden 8000; Berg 5000; Darmstadt 4000; Nassau,
Hohenzollern, and the others, 4000 : other Gennaii
princes were to be admitted into the alliance, when con-
ducive to the common interest. See Co.\kedek.\tion q/'

Ihe Rhine, vol. viii. p. 115, II 6.

By a solemn act, dated at Vienna on the Gth of Au-
gust 1 806', the Emperor of Germany, after adverting
to the consequences of the treaty of Presburg, and
to the formation of the confederation of the states of
the Rhine, absolved all his German provinces and states

of the empire from their reciprocal duties towards tlie

Germanic empire ; and the electors, princes, and states,

and all that belonged to the empire, from the duties
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Ccraiany. \yy ^hich they were united to him as tiieir legal cliief

;

""nr""^ at the same time abdicating tlie imperial government

of the Gei-manic empire, renouncing the title of Em-
peror of Germany, and assuming that of Emperor of

Austria,

lissolution The confederation of the Rhine was dissolved by the
ot the Con- overthrow of Bonaparte, when the Emperor of Austria
federation ^.^ solicited again to take the title, and exercise the

privileges of Emperor of Germany : this, however, he

declined. The internal regulation of the Gennanic em-
pire, and consequently every thing that relates to the

constitution of the smaller states, and their mutual re-

lation to one another, and to the more powerful princes,

it is understood, has been left, by the Congress of Vi-

enna, to a congress of German powers alone, to be as-

sembled for that express purpose.

-Statistics. HI. As the most important branches of the statistics

of Germany naturally belong to the principal king-

'dorns which it contains, reference must be had to those

kingdoms, under the articles Austria, Bavaria, Ha-
nover, Prussia, &c. for more full information on this

'

point : here we must confine ourselves to an outline.

Boundaries We have alreadj' seen, tiiat, in ancient times, the
of modern Rhine was reckoned the boundary between Germany
Germany, gnd Gaul. During the usurpations of revolutionary

France, that limit was renewed ; but, on the resto-

ration of the Bourbons, the boundaries of Germany,
with very little exception or difference, were fixed as

they had existed previously to the Revolution. The
exception principally related to that corner of Germany
in the vicinity of Liege, which was annexed to the

new kingdom of the Netherlands. Germany may there-

fore still be considered as bounded on the west by France
and the Netherlands. After the Rhine has reached the
border of the Dutch provinces, an indistinct line be-
tween them and German)' tuns northward to the mouth
of the Ems ; from which point the ocean takes up the

northern boundary, only interrupted by the Danish
peninsula, which commences beyond the duchy of Hol-
stein. The German coast of the Baltic then succeeds,
terminating with the extreme point of Pomerania. The
eastern boundary is very indistinct, in consequence of
the mixture of the Slavonian with the German tongue
and manners, and the annexation of part of Poland to

Prussia and Austria. Brandenburg, Silesia, Moravia,
the Austrias, and Camiola, down to the Gulf of Ve-
nice, lie on the eastern boundary. The southern or
Italian boundary, as far as the country of the Grisons,
is formed by the Venetian states. The northern limit
of Switzerland is the southern limit of Germany to the
borders of France. It lies chiefly between the 46th
and 54th degrees of north latitude ; its greatest length
is about 600 miles; its breadth rather more than 500.
Its extent is variously reckoned, from 11,124 German

'Climate and Square miles, (15 to a degree,) to 12,796 ; but, in the
face of the latter measurement, Silesia is included. The climate
country.

jg ;„ general temperate, though the winter in the north
is sometimes very long and severe. The air is every-
where salubrious, except in a few marshy places to-
wards the North Sea. The northern part is mostly
low

: the first mountains that occur, on proceeding
southwards, are the Hartz in Hanover; to the south-
east of these are the Hesse mountains ; towards the
Rhine and Mayne there are other scattered ridges. That
comer which lies between the upper part of the Rhine
and Switzerland, comprising the Black Forest, is through,
out a mountainous tract. On the east, the whole of
Bohemia is surrounded witli mountains, which branch

atiil foresi

Rivers.

on the east to Moravia, and communicate with the Car- Grmuai

pathian mountains. To the south of the Danube are ^—"v^
the mountains of Carinthia ; and to the west of these ^'","J""'^

the Tyr.-)le.se Alps. As might be expected from its ex

tent, there is great variety of soil in Germany. The
north-ea=t is covered with sandy plains and heaths ; in

the north-west are swamps and marshes. Some of the

interior and south-western districts possess a very fer-

tile soil. In ancient times, Germany was covered with

forests, of which there are only now detached remains

;

the most extensive is the Black Forest. Thuringia and
the Hartz mountains abound in timber : and the pas-

sion for the chase has preserved or created many exten-

sive woods in the middle and south.

Five hundred and twenty rivers are reckoned in

Germany, sixty of which are navigable to a great

length, and six, viz. the Danube, the Rhine, the Mayne,
tiie Weser, the Elbe, and the Oder, rank amongst the

noblest and largest in Europe. The Danube rises in

the Black Forest ; and receiving continual accessions

on both banks, soon becomes a copious and navigable

stream ; it passes Vienna, and a short distance from
that city becomes a Hungarian river: it terminates in

the Black Sea. The Rhine has neither its source nor

exit in Germany. It rises in Switzerland, and after

passing Basle, flows for a considerable space, the boun-

dary between Germany and France. From the west-

ern side of tlie former it receives numerous rivers, of

which the Mayne and the Necker are the principal; it

enters the sea Ijelow Rotterdam, affording a noble and
highly useful inland navigation from Holland, qiute to

the borders of Switzerland. Of the rivers that enter

the German ocean, the first on the west side is the Ems

;

next succeeds the Weser, which unites several streams

of the north-west, and joins the sea below Bremen.

The Elbe, rising on the confines of Bohemia and Sile-

sia, augmented by many rivers from the centre of Ger-

many, flows by Hamburg, and thence in abroad channel

enters the sea on the west side of Holstein. The Oder,

which derives it source from the foot of the Carpathian

mountains, is the principal river that falls into the Bal-

tic. In the duchy of Mecklenburg, there are several

lakes. There are also some small lakes in Bavaria,

Austria, Pomerania, and Brandenburg. The Boden
sea, or lake of Constance, belongs partly to Germany
and partly to Switzerland. There are upwards of 1000

mineral springs and baths, of which the most famous

are Carlsbad in Bohemia ; Toplitz in Austria ; Seltzer

in the upper Rhine ; and Pyrmont in Westphalia. See

the articles Danube and Elbe.
There is a considerable variety in the vegetable pro- Vegetal

ductions of Germany ; in general they are those of the P'o'l""*

northern and middle temperate regions. Besides corn
j

I

of all kinds, flax of excellent quality, hemp, hops, to- '

|

baccco, madder, saffron, rape seed, rhubarb, &c. are
^

grown ; rice is cultivated in Moravia. The wine coun-

try begins about the junction of the Necker with the
i

Rhine, and accompanies those rivers towards their rise. I

The most celebrated wines of Germany are those of winofc J

the Rhine, especially about Manheim and Heidelberg, '

and in the district called the Rheinzan ; here the lofty

and romantic banks of the river are clothed with vine-

yards. The wine of Moselle ranks next; and after

it a red wine called Pleiker, which is made near Mentz.
Austria also affords wine, some of which is of excellent

quality. Franconia, and particularly Bamberg, fur-

nishes a great deal ofliquorice ; and the lower palatinate

contains immense numbers of chesnut trees, and par-

ticularly fine walnut trees. The breed of horses, ex-

i

Hor«ei;
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cept in Mecklenburg, East Fricslanil, Oldenburg,

Holstein, and some parts of Hanover and Wurtem-
berg, is very indifferent. The best breeds of oxen are

in East Friesland, Oldenburg, and Holstein ; but both

they and the sheep are by no means sufficientlj- nume-
rous ; of the latter, the number is reckoned not to ex-

ceed 13 or 14 millions. The Merino breed has been

introduced into Saxony upwards of a century, and now
produces wool equal in quality to the finest Spanish ;

this breed is also naturalized in Prussia, but in general

the sheep and wool of Germany are indifferent. The
breed of hogs is much neglected ; that of goats is en-

couraged in the mountamous districts. The forests

are plentifully supplied with wild boars, which are

reared to a large size. Westphalia is particularly no-

ted for this species of game. Poultry is abundant.

Some p.irts of Oermany are remarkable for fine larks

and thrushes of a delicious flavour. Others abound
in singing birds, particularly Canary birds and gold-

finches. Silk worms are reared in some of the

southern districts. On the whole, agriculture is not

in a very advanced state, except in Saxony, which, in

every respect, is one of the finest parts of Germany. In

the more mountainous parts, the lynx is still found

;

and in the Tyrolese Alps wolves are by no mefins un-

common. The only fisheries of Germany, with the

exception of those carried on by the small towns on the

Baltic and German Ocean, are those of the rivers, in

some of which, besides the more common fish, the stur-

geon is found.

Small particles of gold are found in the Rhine, the

Danube, the Elbe, &c. ; in most other mineral produc-
tions this country is very rich. The chain of hills be-

tween Saxony and Bohemia yields silver, copper, tin,

lead, iron, cobalt, bismuth, &c. ; most of these metals

are also found in the Hartz mountains. Bavaria has

mines of silver, copper, and lead, and is noted for its

salt springs. There are also extensive salt works near

Halle ; and salt mines near Saltzburg. The iron of
Carinthia antl Stiria is particularly famous, as convert-

able to the finest steel. The quicksilver mines of Idria

are also very productive, and of great fame. Besides
the rarer and more valuable stones, Germany possesses

large quarries of curious marble, and excellent mill and
burr stones. In Misnia are found various sorts of fine

earth, such as tripoU and porcelain earth, fullers' earth,

&c. There are some coal mines, particularly in West-
phalia, and abundance of peat mosses.

The manufactures are very various : pearl ashes and
pitch are made in various parts. Linens are made in

almost every part ; but principally in Austria, Saxony,
Lusatia, and Silesia ; the cotton manufacture is esta-

blishing itself in Austria, Prussia, and Saxony. Wool-
len manufactures are spread throughout the empire, but
with the exception of the cloths of Silesia, chiefly of
the coarser kind. The silk manufacture was establish-

ed in Brandenburg, by the refugees driven from
France, at the time of the revocation of the edict of
Nantz ; silk is also manufactured in Austria and Saxo-
ny. There are many iron works at Nuremberg, and
in Silesia, Saxony, and Holstein ; here also are copper
works. 7'he porcelain of Saxony is still good, though
not so famed as formerly,

fierce. The principal sea ports of Germany are Hamburg,
Kiel, Lubeck, Wismar, Itostock, Stralsund, Stettin,
Embden, and Bremen ; its inland towns of great trade
are Magdeburg, Leipsic, Naumburg, Francfort on the
Mayne, Francfort on the Oder, Vienna, Augsburg, Nu-
remberg, Breskw, and Ulm. The principal articles of

Gernuniy,

Goona.
exportation are timber, corn, fruit, wine, tobacco, mad-
der, cobalt, smalts, potash, horse!", oxen, sjdt and smoked
meat, butter, cheese, wax, leather, wool, linen cloth to

a very large amount, .linen yarn, lace, lead, copper,

brass, quicksilver, mirrors, glass, wooden toys, and
trinkets. It imports com, oxen, and horses, chiefly from
Hungary, Poland, imd Denmark ; hogs from Hunga-
ry ; butter from Ireland and Holland ; all sorts of co-

lonial prmluce, cotton stuffs, hardware, &c. It carries

on a lucrative trade by means of the Danube, with Eu-
ropean Turkey, whence it imports an immense quantity

of raw cotton.

The Roman Catholic, I<utheran, and reformetl reli- Rdifdon,

gions, are established in Germany ; but all other sects lanRuaget

are tolerated. The German language is derived from '^'' '"*'»-

the Gothic : it is strong, copious, abounding in com- "*'

pound words, but rough in the sound, and involved in

the syntax : the purest dialect is tliat of Saxony ; the

least pure is spoken in the southern provinces. It has

been much studied of late years, in the others parts of
Europe. The literature of Germany, till lately, was
more distinguished by erudition than by taste or geni-

us ; and even yet, the history of literature and statis-

tics are more cultivated in Germany than elsewhere.

There are upwards of SO universities, some of which
are of great repute ; particularly those of Jena, Lripsic,

Gottingen, &c. The most distinguished of its learned

societies are at Vienna, Berlin, Gottingen, Manheim,
&c.

Before the peace of Luneville in 1801, the popula- Population,

tion of Germany was rated at 27 millions ; by the ces-

sion of the country situated on the lef^ shore of the

Rhine, it lost 3,700,000 inhabitants ; but as most of

that territory is restored, its present population may be
reckoned at nearly 27 millions.

" The German people, from the earliest times, have-CharactCTof

borne a high character for bravery, and the masculine '''' <^""

qualities of the mind They are in general frank and *"*"*•

open, but inclined to be boastful and boisterous. They
are indefatigable in their pursuits, and engage in them
with a seriousness and sense of importance, which not

unfrequently lead them to laborious trifling."

Tacitus, de Moribus Germanorum. Authojities.

Nouvel Abregc Chronologique de PHistoire et deo
Droit public iFAllema^ne, par M. Pfeffel.

Dr Robertson's view of the progress of Society in

Europe, prefixed to his History of Charles V.

De la Ligiie Hanseatique, par M. Mallet, 1805.

Tableau des Revolutions de I'Europe dans le moyen age,

par M.Koch, 1790.

Dornford's translation of Putter's Historical detehpe-

meiit of the Constiiuiion qfihe Germanic Empire, 17 '0.

Histoire des Allemands, traduile de I'Allemand de

Stnidt, par Le Veaux, 1 784.

Butler's Rcvnliilions oftlie Germanic Empirct
Reisbeck's Travels in Germany.
lieise in DfnlMand, von Nicolai. (w. s.) >

GERMINATION. See Botany.
GERONA, the Gerwnrfa of the ancients, is a town of t

Spain, in the province of Catalonia, situatetl on both
sides of the Ter, on the side and at the base of a steep

mountain. It is encircled with good walls, flan!<ed

with fortifications, and is defended by two forts erected

upon the mountain. Gerona is nearly of a triangular

shape, and the houses are well built, though the streets

are crowded and narrow. The principal public build-

ings are the cathetlral and collegiate churches. The
cathedral stands ou tbe ridge of the mountain. It ex<
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hibiu a niaguificent front at the top of tliree grand ter- tion and the communes. The Ailoiir also waters the de-

races, adorned with granite ballustrades, and tlie ascent partmcnt. 'i'he following are the principal towns :

is by a flight of 86 steps, as broad as tiie whole extent

of the cliurch. The front, which is flanked with three Inl.abitnnts.

liexagon towers, is ornamented with the Doric, Corin- Auch 7696

thian, and Composite orders. The interior is large and Condom 6917

handsome, but the nave only is Gothic. The treasury Lcctoure 5153

of the cathedral was very rich before the revolution. Mirande 1558

The collegiate church of St Felix, formerly St Mary's, Lonibez 1H3
is built in the Gothic style, and has a body and two

aisles, divided by pillars, with a large and fine casement The population of the department is 291,845 ; and
in the middle. In front of the fa5ade is an old and its contributions in 180.'3, 2,0'60,310 francs.

lofty tower. GEHSAU, or Giieksau, is a village of Switzerland,

In the Capuchin convent, there is a curious Arabian situated on the lake of VA'aldstcttes, at the foot of Righi,

bath constructed in the most elegant style. It consists in an angle between the mountain of Gersau and tlie

of columns standing on an octagonal styloKite, or low Bothe-Schouth. Its territory is onl)^ about one league

base, which surrounds a reservoir for water. The Be- broad and two leagues long, and it constitutes the small-

nedictine nunnery of St Daniel is about a mile from est republic in the world. There is not a single h.orse

Gerona. It is one of the principal nunnei-ics in Cata- in the republic; and, excepting a narrow ])ath down the

Ionia of the order of St Benet, and those ladies only are side of tlio steep mountain, the only way of arriving at

admitted who can bring proofs of nobility. the town is by water. Gersau forms part of the canton

The university of Gerona, founded in 1521 by Phi- of Schweitz. It contains 1500 inhabitants, who are

lip II. was abolished in 1715 by Philip V. After the employed principally in spinning silk for the m.-.nufoc-

suppression of the order of Jesuits, the means of public turers at Basle.

instruction were concentrated in one college, where GERTRUYDENBERG, is a fortified town of Hol-

there are 9OO students, who are instructed in Latin land, situated on the river Merwc, which forms a good
grammar, rhetoric, philosophy, and theology. The li- harbour, and expands into a considerable lake, called

brary of the Jesuits, which is now open to the public, Bies Bosch, across which there is a two hours passage

is extensive and well selected. Other three professors to Dort. The town is remarkable, principally for tlie

chairs are supported at the expence of the town. Schools abundance of salmon, sturgeons, and shad, which are

for the gratuitous instruction of poor girls, and a board- caught in the neighbourhood. It has sometimes hap-
ing-school for young ladies, are kept by the community pened, that 18,000 shads have been taken in one day.

of Beguine nuns. This institution is owing to the gc- The town enjoys the staple right for this species of fish,

nerosity of the bishop Don Tliomas de Lorenzana, who and therefore its principal trade consists in saltiiig and
encouraged in his diocese, agriculture, manufactures, smoking them, and in sending them to the neighbonr-

and all the useful arts. The civil and military admi- ing towns. Distance from Dort ten miles south-east,

nistration of the town resides in a governor, a king's from Breda seven north-east.

lieutenant, a mayor, a governor of the little castle of GESNER, or Gessneu, Conrad, a learned Swiss, was
Mountjouy, an alcade major for the administration of born at Zurich in the j'car 1516. He received the ru-

justice, and a municipal body of twelve regidors, and diments of his education in liis native city, and disco-

a small garrison. vered an early genius for literature and science ; but he
Very little trade is carried on in this town. It pos- experienced many serious difficulties and discourage-

sesses a few looms for stockings, coarse cloths, and wool- ments in the course of his zealous pursuit of knowledge,
len and cotton stuffs, which have been established with- His father's circumstances were insufficient for his main-
in the last thirty j'ears. tenance as a scholar ; and he was in consequence about

Gerona is the see of a bishop suffragan of Tarragona, to discontinue his studies, when Ammien, professor of
The diocese consists of 4 arch-deaconries, 470 parishes, Latin and eloquence at Zurich, generously took young
2 collegiate chapters, and 8 abbeys or priories. In the Gesner into his own house, and charged himself with
town there are live parishes, 9 convents for men and the care of his education. 'The death of his father, how-
3 for women, a nunnery of Beguines, a college, semina- ever, again reduced him to great extremities ; and his

ry, general hosjjital, and charitable asylums. Popu- misfortunes were increased by his falling into a dro))si-

lation about 14,000, a fourth of whom consisted before cal complaint. Having in some measure recovered his

the re\olution of priests, monks, nuns, scholars, and healtli, he determined to travel and seek his fortune ;

students. Sec Laborde's Fiew of Spain, vol. i.p. i3, &c. and after the termination of the troubles in Switzerland,

GERS, the name of one of the departments of tlie Academy of Zurich allowed him a pension, in order
France, is so called from the river of the same name to enable him to make the tour of France. On his re-

by which it is traversed from north to south. It is turn, he accepted an invitation from the university of
bounded on the north by the departments of the Lot Zurich to take charge of a school ; but having married,
and Garonne, on the west by that of the Landes, on and finding his appointment inadequate to the support
the south by those of the Higher and Lower Pyre- of a family, he resolved to study physic, and according-
nees, and on the east by that oftheHigh Garonne. The ly devoted all the time he could spare from the duties of
soil of this department is far from being fertile. The his school to books of medicine. Being at length dis-

western part of it is the best, and produces some wheat, gusted with his situation at Zurich, he removed to
and a considerable quantity of wines, some of which are Basle, and employed himself in reading the works of the
esteemed. It has almost no manufactures, and its prin- Greek physicians, until he was appointed Greek pro-
cipal trade is inbrandy. The forests occupy from 1'2,000 fessor .it Lausanne. Having now acquired the means
to 1 3,000 hectares, or about 25,000 acres, of which of attending to his favourite pursuits, he was enabletl

one half l)clongs to individuals, and the rest to tlie na- to repair to Moutpelier, where he etiidietl anatomy and
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botany for some time, and then returned to Zurich to

prosecute his profession as a physician. He was ad-

mitted to the degree of Doctoi-, and was soon after-

wards appointed professor of philosophy ; a situation

which he lield during the remaining twenty-four years

of his life. In the year 1565, he was carried ofl' by the

plague.

Boeriiaavc emphatically styles Conrad Gesner mon-

stnini ervditionh, "a prodigy of learning." Mr Coxe, in

his Letters on Switzerland, justly observes, that "those

who are conversant with the works of this great scho-

lar and naturalist, cannot repress their wonder and ad-

miration at the amplitude of his knowledge in every

species of erudition, and the variety of his discoveries

in natural history. Their wonder and admiration,"

says he, " are still farther augmcntetl, when they con-

sider tiie gross ignorance of the age which he helped

to enlighten, and the scanty succours he possessed, to

aid him in thus extending the bounds of knowledge

;

that he composed his works, and made those discove-

ries, which would have done honour to the most en-

lightened periotl, untler the complicated evils of pover-

ty, sickness, and domestic uneasiness." On account of

the variety of his attainments, and the extent of his

learning, he was distinguished by the name of the Ger-

man Pliny.

His works are numerous ; of these the principal are,

1. An Universal Diclionari/, published at Zurich in

1545. 2. A History of Animals, in four volumes folio,

Zurich, 1551. 3. A Greek and Latin Lexicon. 4. Opera

Botanica, Nuremberg, folio, (r)

GESNER, or Gessneb, John Matthew, an emi-

nent German philologer, was born at Roth, a village in

the territory of Anspach, on the <)th ofApril 169 1. He
was reduced to great poverty by the death of his father,

at a very early age ; but by the kindness of a relation,

he was enabled to acquire the elements of learning at

the public school of Anspach. In 1710, he repaired to

the university of Jena", where he studied theology, and
supported himself partly by occasional poems, until he

obtained ihe jiatronage ofBuddeus, by whose recommen-
dation he was appointed.in 1715,to superintend the pub-
lic school at Weimar ; from whence he was removed
to a similar situation at Anspach in 1728, and in 1730
to lycipsic. Having greatly distinguished himself as a

profound philologer, he repaired to Gottingen, where,

in 17J-4, he was appointed professor of humanity in the

newly erected university, to which were added the of-

fices of public librarian, and inspector of schoolsthrough-

out the electorate of Hanover. In the year 1751, he
was made director of the Royal Academy of Sciences at

Gottingen; and in 1756, he received the honorary title

of Aulic Counsellor. In every situation, he exhibited

proofs of uncommon industry and erudition ; he was
zealous in promoting the interests and prosperity of the

university, to which he was so great an ornament ; and
endeavoured to discharge his duties as a public teacher

in a manner at once agreeable and useful. He died at

Gottingen in the year 1761.
To tliis eminent scholar, we are indebted for some

excellent editions ofthe classics, particularly Quintilian,

Pliny, Claudian, and the poems of Orpheus, which last

were published, after his death, by Hamberger. Besiiles

these, his principal work is the Thesaurus LaiiniB Lin-
suee el crudilinnis Romanw, Leipsic, 174-7, H^S, in

four volumes folio. The great value of this work is well
known to every scholar. Gesner also published seve-
ral learned memoirs in the Transactions of the Gottin-
Ijen Academy of Sciences, iz)

VOL. X. PART J.

GESNER, or Gebsner, Solomon, acelebrated Cier-

man poet and landscape painter, was bom at Zurich on
the first of April 1730. In the early period di his

youth he made very slow progress in his education, and
was considered by his teachers as a jiupil of very mean
capacity. But this backwardnes.s must be ascribed to

the perverse method of instruction at that time in use,

and not to any deficiency of intellect on the part of the
pupil. During his school hours, instead of devoting
his attention to the study of grammatical rules, he of-

ten eraj)loyed himself in modelling figures of various

kinds, groups of men and animals in wax, and tlius dis-

covered an early genius for the imitative arts. By
some accident, a copy of Robinson Crusoe fell into his

hands, and awakened a poetic fancy, which his precep-
tors endeavoured to stifle by every means in their

power.
His parents, however, perceiving the education of

their son advance so slowly, resolved to try a different

method, and accordingly sent him to the country, to

the Rev. Mr Viigeli, a gentleman who had acquired
great reputation as a teacher. Here, under a milder
system of discipline, CJesner made sufficient progress

to enable him to read the Roman poets in the original,

and the Greek writers in the Latin version. His in-

tercourse with the son of his instructor, a passionate ad-
mirer of ancient literature, and a lover of the belles let-

tres in general, was likewise of great advantage to him.
Through him he became acquainted with the works of
the German poet Brockes, which he perused with avi-

dity, and to which he was indebted for the develope-
ment of his poetical talents.

After a residence of about two years at Berg, he re*

turned to his family, and resolved to follow his father's

profession of a printer and bookseller. At Zurich he
had an opportunity of increasing his knowledge and
improving his genius, by cultivating the society of men
distinguished for their talents and learning. In the
year 1749, he was sent to an eminent bookseller at

Berlin, in order to learn his business. But the mecha>
nical occupations in which he was employed by his

master were by no means suited to the taste of Ges-
ner, who already began to feel the consciousness of his

own abilities. He therefore quitted his employer, hired
an apartment for himself, and resolved to devote him-
self to the study of landscape painting, which liad long
been his favourite pursuit. This hasty step excited the
displeasure of his parents, who determined to make
him feel his dependence, by withdrawing from him
their support. A reconciliation, however, soon took
place; and Gesner obtained their permission to remain
at Berlin, with the liberty of following his own inclina-

tions. Here he formed an acquaintance with several

eminent literary characters, and was particularly inti-

mate with Ramler, by whose advice he was induced to

resolve his poetical compositions into harmonious prose,

instead of verse, which presented many serious difficul-

ties to an author who was not conversant with the more
improved dialect of the German language.

After paying a visit to Hamburgh, Gesner returned
to Zurich, and published, in succession, those pieces

which have procured for him an extensive and well-

merited reputation. In 1751, his Song of a Swiss to

his Mistress on her appearing in Armour, was inserted

in a periodical publication. His next es.«ay was the
piece entitled Night. In 17-j4, he published a larger

poem, entitled Daphnis, which M'as suggested to him
by Amiot's translation of Longus. These were follow.
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Ghent

ed by a volume of Idyls, in 1756 ; the Death of Abel,

1758 ; a collection of his poems, in four volumes, 1762,

including The First Navigator, ynhich. was always a fa-

vourite production with the author, and the two dra-

matic pieces, Evander and Eraslus. In 1 772, he pub-

lished a second volume of Idyls, with a letter on land-

scape painting, addressed to M. Fiissli.

When about thirty years of age, Gesner married

Mademoiselle Heidegger, a young lady endowed with

rare accomplishments of mind and person. Finding,

however, that tlie resources of his pen were inadequate

to the support of a family, he resolved to apply more
seriously than ever to his favourite art of landscape

painting, in which he ultimately attained a very high

degree of excellence. Indeed, his pictures have been

by some esteemed superior to his poems. He died on

the 11th of March, 1787, at his country seat in the forest

of Sihl. A monument, on which Nature and Poetry

are represented weeping over his urn, was erected to

his memory by some of his fellow-citizens, on a charm-

ing spot in his favourite walk, near the confluence of

the Sihl and the Limmat.
The works of Solomon Gesner are too well known

to require any particular notice. His poetry is all of

the sentimental kind ; and he excels especially in the

description of natural scenery. He is imdoubtedly the

first writer of pastorals in modern times ; and it is not

the least of his merits, that his productions uniformly

breathe a spirit of purity highly favourable to inno-

cence and virtue. In private life, he was modest, in-

genuous, and amiable; and the cheerfulness and natural

gaiety of liis temper, combined with great goodness of
heart, endeared him to a numerous circle of friends, (i)

GHAUTS is a name which properly signifies a pass

through a range of lofty hills, but it has been extended
to designate the mountainous chains which support the
centrical table land in the south of India.

The Eastern Ghauts commence in N. Lat. 1
1 " 20' to

the north ofCaverey, and stretch nearly and almost unin-
terruptedly in a straight line to the banks of the Khris-
na, in N. Lat. 16% sop.arating the two Carnatics, which
are named the Carnatic Balagiiaut, or above the Ghauts,
and the Carnatic Payeenghaut, or below the Ghauts.
The greatest height of this ridge, which is about the
latitude of Madras, is nearly HOOO feet.

The IVestcr/i Ghauts, or Hil/s ofSukkien, extend from
Cape Comorin to the Tuptee, or Surat River, where
they leave their southerly elevation, and bend eastward
in a waving line parallel to the river, till they are lost

among the hills near the river Boorhanpoor. With the
exception of a single opening, 16 miles wide, which
admits the Paniany, tlie Western Ghauts include 13 de-
grees of latitude. Their distance from the coast is

commonly 40 miles, and seldom more than 70.
GHEE is the name of a kind of clarified butter,

made from the milk of buflTaloes. It may be preserved
sweet for a considerable time, and forms a great article

of commerce in various parts of India. It is generally
put up in duppers or bottles made of hides, each con-
taining from 10 to 40 gallons. In some parts of Ben-
gal tlie price varies from 6' to 8 seers for a rupee.
GHENT, or Gand in French, Gandavum in La-

tin, is a town in the Netherlands, and formerly capital
of Austrian Flanders. It is advantageously situated at
the coiiflux of the rivers Scheldt, Lis, Moere, and Lieve,
which intersect it in various directions, and divide the
town into 26 small islands. The town is encircled with
walls about 15 miles in circumference, comprehending
numerous cwn fiekU and gardens. Mimy of the houses

are excellently built ; some of the streets are broad and
well paved, and the market places are spacious. In
one of these is a statue erected to the Emperor Charles
V. who was born in tins city. The cathedral church is

the principal edifice in Ghent. The pulpit, which was
made by the celebrated Delvaux of Nivelles, has been
particularly admired. The musical bells of the cathe-

dral have been much noticed by strangers. The prin-
cipal altars, the magnificent tombs of the bishops, and
the subterraneous church, are well deservuig of exami-
nation. Besides the cathedral, there are six churches and
a collegiate church. The church of St Michael is admi-
red on account of the boldness of the nave. There is a
beautiful promenade along the canal, which is called Dc
la Coitpure; one of the sides is for foot passengers, and
the other for carriages. The other public establishments
are the library, the academy of painting, and the botanic
garden, which is reckoned extremely beautiful.

Ghent communicates with Bruges, and afterward.s

with Ostend, by means of the canal which was begun
in l6lo, and with the western Scheldt by the Saas-de-
Gand, by means of another canal. The principal arti-

cles of commerce in Ghent are French wines, grain,

flax, hemp, and colza for tlie manufacture of oil. The
manufacture of linen cloths is carried on to a great ex-

tent in this town and its neighbourhood. Twilts for

beds, table linen, and lace, are also made here to a great
extent. There are likewise manufactures of glue, wool-
len stuff;!, cottons, soap, paper, vinegar, tobacco, hats,

and stockings, besides refineries of sugar and salt. Po-
pulation 58,000.

GHERIAH, or Cobepatam, is a sea-port of Hiii-

dostan, in the county of Concan. The fort stands

on a rocky promontory, about one mile long, and a
quarter of a mile broad. This promontory is joined to

the continent by a narrow neck of land, beyond which,
where the ground expands, is a large open town. On
the neck of land are docks where grabs are built and
repaired. The river runs in a south-Avesterly direction,

and washes the north side of the town, the neck of land,

and the promontory. The point, which bounds the en-
trance on the south side, is high and broad, and is situa-

ted in 73° 25' East Lcmg. The fort consists ofa double
wall, with round towers ; the inner wall being several

feet higher than the outer one. The harbour is very

good, without any bar, and has at its entrance a depth
of from five to seven fathoms, and from three to four

fathoms at low water. Vessels are here completely
sheltered from every wind.

This town was formerly the capital of Angria the
Pirate. In 1 756 it was taken by the British fleet under
Admiral Watson, who found in it 200 pieces of cannon,
six brass mortiirs, great quantities of military and naval
stores, and money and effects to the amount of£ 125,000.
Angria's fleet was also destroyed, and the town was
given up to the Mahrattas, in whose possession it has
since continued. Latitude of Gheriah point 16° SI' N.
See Milburn's Oriental Commerce, vol. i.

GHILAN, or Kila.\, the Gcla of the ancients, is a

province of Persia, which stretches along the south-
west shore of the Caspian Sea, from Kizilagatch to be-
yond Rudizar. On the south and soutli-east it is

bounded by Irak and Mazanderaun, on the north by
Shirvan, and on the west by Azerbijan. It extends
about 200 miles from nortlj to south, and 150 from west
to east. This province, which is one of the most beau-
tiful and picturesque inPersia,is encircled with lofty and
almost inaccessible mountains, and like Maaanderaurt
is intersected with forests and morasses. There are

1
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whole forests of oak, boxwood, mulberry, and walnut

trees; and lioney- suckles, Howers, sweet-briars, and

roses, cover the vallies. The soil, which is excellent,

affonls hemp, hops, olives, rice, wheat, tobacco, and va-

rious kinds of fruit, such as lemons, oranges, peaches,

and pomegranates. Grapes, though not of a good (jua-

Hty, are very plentifid ; and, as m Georgia, the vines

which grow" wild on the mountains support themselves

on the trunks and branches of trees.

The manufactures and silk of Ghilan have been rec-

koned the best in Persia. The cultivation of silk is the

principal employment of the inhabitants, and consti-

tutes the chief trade of the province. It is annually

exported in gi-eat quantities to Astracan from Resht and

Lankcroon. The finest kind is usually white, and is

either sold to the Turks, or sent into the interior of

Persia. The inferior kind, which is yellow, is exported

to Russia.

The principal river in Ghilan is the Kizilozien, or

Golden Stream. It is the Gozan of Scripture, and rises

eight or nine miles to the north-west of Sennah in Kur-
distan. After running along the north-west frontier of

Irak, and passing under the Kufulan Koh, or Mountain
of Tigers, it is joined a little to the east of Meanna, by
the Karanku, which has its origin in the mountains of

Sahund to the west of Meanna. Tlieir united streams

force a passage through the great range of Caucasan,

and receives in their course the Shahrood. These col-

lected currents traverse the province of Ghilan, under
the name of tlie Sifud Rood, or white river, and throw
themselves into the Caspian. The road from Hamadan
to Resht is upon the edge of the deep chasm through

which the river flows, and is desci-ibed by Captain

Sutherland as one of the grandest and most terrific

scenes.

The principal town of Ghilan is Resht, on the Cas-
pian. In rough weather, its harbour is less safe than
that of Lankeroon in the district of Talish.

The inhabitants of Ghilan are said to have a language
of their own, different from the Persian and Turkish.

Ghilan was ceded by Persia to Russia in ITS*, taken by
Catherine in 1 780, and restored to Persia in 1 797. The
nett revenue of the province is 149,49(J tomarins, and
905S dinars. See Kinneir's Geogmpliical Memoir, p.

159, IfiO ; and Morier's Travels in Persia, p. 288.

GHILJIE Country, is the name of a district of Af-
ganistan, inhabited by the Ghiljie tribes. It forms a

parallelogram about 180 miles long, and 85 broad. The
climate is in general severer than that of England, and
the summer not much hotter. The Ghiljies were for-

merly the most celebrated of the Afghans. About the

commencement of the last century, they conquered all

Persia, and defeated the Ottoman armies. A full ac-

count of these wars, and of the tribe itself, will be
found in Hanway's Travels ; Jones's Hisloire de Nadir
Cliah; and Elphinstone's Account of Cabul, p. 433,
&c.
GHIZNEE, GmzNE, or Ghizni, was formerly the

capital of an extensive empire, extending from the Ti-
gris to the Ganges, and from the Taxartes to the Per-
sian Gulf It is situated on a height, washed by a
pretty large stream, and is encircled with stone walls.

Beside several dark and narrow streets, the town con-
tains three bazars, with high houses on each side, and
a covered chaursoo. Among the few remains of the
ancient grandeur of this city, are two lofty minarets, at

some distance from each other, the least of which is

above 1 00 feet high. " The tomb of the great Sultan
Mahmoodj" says Mr Elphinstone, whose excellent ac-

count of Cabul contains all the informativn we have
on this subject, " is also standing about three miles from
the city. It is a spacious but not a magnificent build-

ing, covere<l with a cupola. The doors, which are very

large, are of sandal wood, ond are said to have been
brought by the Sultan as a trophy from the famous tem-
ple of Somnaut in Oiizerat, which he sacked in his last

expedition to India. The tombstone is of white mar-
ble, on which are sculptured Arabic verses from the

Koran, and at its head lies the plain but weighty mace,
which is said to have been wielded by the monarch
himself. It is of wood, with a head of metal so heavy
that few men can use it. There are also some thrones

or chairs, inlaid with mother-of-pearl, in the lomb, which
are said to have belonged to Mahmood. The tombstone
is under a canopy, and some Moollahs are still maintain-

ed, who incessantly read the Koran aloud over the

grave. There are some other ruins of less note, among
which are the tombs of Behlole Dauna, or Behiole the

Wise, and that of Hukeem Saunauee, a \ioeX. still great-

ly esteemed in Persia ; but nothing remains to shew the

magnificence of the jwlaces of the Gaznavide kings, or

of the mosques, baths, and caravanseras, which once
adorned the capital of the East. Of all the antiquities

of Ghiznee, the most useful is an embankment across a

stream, which was built by Mahmood, and which, though
damaged by the fury of the Ghoree kings at the cap-

ture of Ghiznee, still supplies water to the fields and
gardens round the town. The immediate environs of

the city are inhabited by Taujiks and Hazaurehs.''

Giiiznee contains only about 1 500 houses, besides the

suburbs without the walls. East Long. 6"8" 58', and
North Lat. 33° 10'. See Elphinstone's Account of Ca-
bul, p. 4.S2. Lond. 1815.

GIANTS, is the name given to men whose stature

greatly exceeds the ordinary size of the human race.

On surveying the field of nature, we sometimes dis«

cover aberrations from her usual course. Animals are

seen of dimensions infinitely surpassing those which
commonly belong to their kind; and vegetables ofa bulk
so remarkable, as to excite astonishment in the behold-

er. We are thence led to enquire. What secret principle

is it that limits the expansion of animal and vegetable

matter ? How is it confined within definite boundaries,

those which at once mark the identity of species by the

most prominent analogies ? We should find it difficult

to solve these questions, and perhaps our knowledge of

the vital and material economy of the two great king-

doms now alluded to, is still too imperfect for us to ha-

zard conjectural explanations.

In most of the ancient histories of the world, we read

of giants. They also find a place in many of those of

modem date ; and the name is so universally employed
by poets and romancers, that nothing can be more fa-

miliar to our ears. Not only are individual giants re-

peatedly referred to, but the existence of whole nations

of those who have viewed their fellow-men as a pigmy
race, has been admitted as a fact not to be called into

dispute. During a retrospect of many centuries, like-

wise, successive degradation in the stature and strength

di mankind is maintained to have taken place, which,

were it true, would scarcely allow our contemporaries to

reach the knees of their ancestors, and bestow no more
power upon them, than the others possessed in their fin-

gers. Those, however, who are accustomed to reason from
facts, who disregard conjecture, and are enabled to se-

parate truth from fiction, feel inclinetl to question whe-
ther there ever was a race of giants, as generally under-

stood by that name ; and whether the race of uiajikind

Ghizntc,
Giinu.
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under the same latitude, has decreased in any respect

since the days of our original parents.

Perhaps the discordant opinions on this subject are

not so irreconcileable as at first sight may appear ; and
by carefully analysing all that has been recorded in his-

tory, we shall find that individuals of gigantic stature

have existed at different aeras; and that at the present

day, there are one or two tribes of South Americans,

whose size considerably surpasses the dimensions com-
monly allotted to mankind. But it is essential to be-

ware of the exaggerations to which men have ever been

prone ; and not to allow our credulity to be imposed

upon by what is utterly beyond belief, from whatever

source the narrative shall be received.

In scripture it is related, at a period apparently con-

temporary with Noah, or immediately antecedent to the

flood, " that the sons of God saw tlie daughters of men,

that they were fair, and they took them wives of all

which they chose." Further, " there were giants in

the earth in those days, and also after that, when the

sons of Goil came in unto the daughters of men : and
they bare children to them, the same became mighty
men which were of old, and men of renown." These
passages, it is true, contain some obscurities ; but we do
not conceive that they warrant the conclusion which
certain critics have deduced, of this gigantic race being

the offspring of divinities and human females. At He-
bron, in Judea, there was a celebrated tribe of giants,

the sons of Anak ; and the spies sent out by Moses to

reconnoitre tlie country, seem to have made their re-

port in these words :
" And there we saw the giants,

the sons of Anak, which come of the giants ; and we
were in our own sight as grashoppers, and so we were
in their sight." Although only three individuals, Ahi-
man, Sheshai, and Talmai, are previously named as the

children of Anak, it is elsewhere said, " it is a land

which eateth up the inhabitants thereof, and all the peo-
ple that are in it are men of great stature." Thus the

context proves the correctness of the translation of this

part of scripture ; and that the appellation giants is not
the proper name of a particular tribe, or nation, or ty-

rants, or evil doers, as commentators have inferred.

Further, their history is continued, and Og, King of
Bashan, in the same regions, is specifically described,

somewhat later, as the last of the race ; as also, " Ba-
chan which was called the land of giants." This king
was encountered and slain by Moses at the head of the
Israelites, apparently at the gates of his own city ; and it

is said, " for only Og, King of Bashan, remained of the
remnant of giants : behold his bedstead was a bedstead of
iron: is it not in Rabbath of the children of Ammon?
nine cubits was the length thereof, and four cubits the
breadth of it, after the cubit of a man." This extra-
ordinary bedstead, therefore, must have been between
\4t and 16 feet long, and about 7 in breadth, according
as the cubit is taken, at 18 or 20 inches. The next
giant of whom we read in scripture was Goliath ; but
before leaving the gigantic king of Bashan, we may re-
mark, that a spacious cavern is said to have been found
near Jerusalem some thousand years after his death,
containing a grave or tomb, with an inscription in Chal-
daic, Here lies the ginnl Og. A tooth weighing four
pounds and a (luarter was found in the tomb, which,
being sent from Constantinople, was offered to the em-
peror of Germany as a curiosity for 2000 rixdoUars, in
1678. The emperor, however, being doubtful of the
fact, ordered the tooth to be returoed. The stature of
(joliath must have been considerably inferior to that of
Og ; but his corporeal strength is undoubted, on consi-

dering his weapons and armour. Commentators con-
clude that six cubits and a span, described to be his

height, make about eleven feet, though we should be
inclined to reduce it to about ten at the utmost. He
was a professed warrior, and a champion of the Philis-

tines ; "the staff of his spear was like a weaver's beam,
and his spear's head weighed 600 shekels of iron." " He
was armed with a coat of mail, and the weight of the
coat was 5000 shekels of brass." No profane history is

equally explicit as scripture regarding a distinct race of
giants of extraordinary size ; and we have united the
passages to be found concerning them, previous to de-
scending to a later date.

The ancients considered persons whose stature ex-
ceeded seven feet as gigantic. Living giants have cer-
tainly been seen who were somewhat taller; but the
existence of those who greatly surpassed it, or were
double the height, has been inferred only from remains
discovered in the earth, and not from the ocular testi-

mony of credible witnesses. Were we to admit what
has been reported on the subject, there would be no
bounds to the dimensions of giants ; tlie earth would
seem unsuitable for them to tread upon. Thus Strabo
speaks of the skeleton of a giant 60 cubits in length,
found near a city in Africa now called Tangier ; and
without bestowing due reflection on the improbability
of the fact, it is ascribed to Antaeus, a rejjuted gigantic
sovereign of Mauritania, whose very existence is still

more problematical. Tlie same observation will apply
to another skeleton 46 cubits in length, alluded to by
Pliny, which was exposed by the overthrow of a moun-
tain in Crete by an earthquake. In the year 758, du-
ring the darker ages, we are told, that at a place called

Totu in Bohemia, a skeleton was found whose head
could scarcely be compassed by the arms of two men,
and whose legs, which are said to have been kept a
long time in the castle, were 26 feet long. Possibly

this last measurement belongs to the entire skeleton ra-

ther than to a part of it. Simon Majolus relates, that

in the year 1171, a skeleton 50 feet long was discover-

ed in England in consequence of a breach made by a
river; but we are not aware that his account, which is

in these words, has any corroborative testimony. Lon-
ge ante Fulgnsi seculum, annis plus Itxccniis, anno scili-

cet 1171, in Anglia, illuvione flumiiiis relerlce sunt kiitnati

olim hominis ossa, ad/iuc online composila. Longiltido

totius corporis inrenia est longa ad pedes ijuinquaginta.

In the year 1.516, the skeleton of a giant 30 feet high
is reported to have been found near Mazarino in Sicily.

The skull was as large as a hogshead, and each of the

teeth weighed five ounces, which it may be remarked
in passing, is not a tenth part as heavy as the reputed
tooth of the gigantic king of Bashan. In the same
island, other remains of a giant 30 feet high were dis-

covered in 1548, and two years afterwards, those of a
third, whose height attained .3,'j feet. Instead of these

being entire skeletons, however, it is infinitely more
probable that they were only detached fragments of
bones, while conjecture enlarged the w.anting parts to

the size wnich is ascribed to the whole body.

Florus, the Roman historian, in narrating a battle

between Marius and the Teutones, at the foot of the

Alps, describes the king of that people as of wonderful
stature. Certc rex ipse Theulobochus, quaternos, se-

nosque equos transire solitus, viz. mium quumJugerit, as-

cendil: proximoqnc in sallit comprehensus insigne specta-

culum triumphi fiiit, qttippe vir proceritatis eximice .mper

trophwa ipsa eminebat. The first part of the sentence

is obscure, but the historian in the rest apparently in-

Giganti

mains.
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fers, that the stature of tlie captive kinp was such, that

he could overlook the trophies exhibited at the triumph

of the consul. In the year IfilS, the French journals

relate, that wiiile some vforkmen were dijfijing near the

ruins of a castle in Dauphiny, in a field whicli had long

bore the name of the Giant's Field, they discovere<l,

at the depth of 1 8 feet, a brick sepulchre, 30 feet long,

12 feet wide, and eight <leep, whereon was a grey stone,

inscribed Theittobochiit Rejc. On opening the tomb, a

skeleton appeared, 25,^ feet long, 10 feet broad across

the shoulilers, and five feet deep from back to breast.

Each of the teeth was tiie size of an ox's hoof, and the

leg bones were four feet long. These bones continued

to be exhil)ite<l for some time as the identical remains

of the Teutonic king mentioned by Florus, and carried

under that name through Flanders into England. A
^onvcnt of Dominicans at Valence, in Dauphiny, lately

had part of a human leg bone, and articulation of the

knee, found near the banks of the stream Morderi,

which they affirmed belonged to a certain tyrannical

giant, Bucant, 22 feet high. He lived on a mountain,

and was slain by one of his own vassals, the Coimt de
t'iiatillon ; but to perpetuate his immense stature, the

monks preserved a painting of him in Fresco. Rio-

land, a celebrated anatomist, is said to have written a

specific account, in l6l4-, of the discovery of a tomb
in the suburbs of .St Germains at Paris, which contained

the reniiiins of Isoret, a giant 20 feet in height. But we
have understood that the same physician called in ques-

tion the identity of the bones as being of a human sub-

ject, which were exhibited for those of the Teutonic

king. It is recorded, that in the course of digging a

ditch at Rouen, near the Dominican convent, in the j'ear

1 ,5 1 9, a tomb was found, with a plate of copper in-

scribed : " In this tomb lies the noble and puissant

lord, the Chevalier Ricon de Vallemont and his bones."

The tomb contained a skeleton whose skull held a bu-

shel of corn, and whose leg bone, about four feet long,

reached up to the girdle of the tallest man in company.
Platerus, a physician, declares, that at Lucerne he saw
real human bones of a person who must have been 19

feet high; and it is calculated, that in the preceding in-

stance, the Chevalier can have been scarce more than

a foot sl\orter. A voyager to the Canary Islands speaks

of the body of one of the ancient Guanches, in a ca-

vern in the Peak of Teneriffe, as being 1 5 feet long,

and having a head of enormous dimensions. Several

navigators to the Straits of Magellan, both foreigners

and Englishmen,affirm, that on examining graves at Port

Desire, they found human skeletons ten or eleven feet

in length, and on passing somewhat farther to the west-

ward, as appears, other bones, in no resjiect inferior,

were tliscovered. We shall say nothing of the giants

referred to by Olaus Magnus, who, independent of
men, says that a woman was found who had been
killed by a wound in the head, clotlied in a purple
cloak, 50 cubits in length, and four in breadth be-
tween the shoulders : Reperla esi puella, in capile vul-

nerala, moria, indtita chlami/de purpurea lang^ttidinis

cubil'rum ijuhiquaginta, talituiUnis iitler humeros qualuor.

But if we are to confide in history, here are examples
of gigantic human remains, progressively decreasing
from 60 cubits to 10 feet as tlie height of the living

being. Whether the historians were competent judges
of the fact they relate, is a different enquiry ; few, how-
ever, will hesitate to reject the gigantic skeleton spoken
of by Strabo, ascribed to Antaaus ; or that supposed to
be the body of Orion, exposed by the dislocation of
ibe Cretan mountain^ The existence of enormous giants

Giuiif.is conjectured from nothing but their remain*^ and it

is extremely doubtful if there be authentic accounts of ^"""Y"""

any living giant having been seen whose size exceeds

the lowest term of the remains we have (|Uoted.

The ancients acquaint u.s, that in the reign of Clau-

dius, a giant named Oalbara, 10 feet high, was brought

to Rome from the coast of Africa. An instance is cited

by Goropius, an author with whom we are otherwise

unacquainted, of a female of equal stature. A certain

Greek sophist, Proa'resius, is said to have been nine

feet in height. Julius Capitolinus affirms, that .Maximi-

nian the Roman emperor was eiglit feet and a half:

there was a Swede, one of the life guards of Frederick

the Great, of that size. M. Le Cat speaks of a giant

exhibited at Rouen, measuring eight feet and some
inches ; and we believe some have been seen in this

country, within the last .SO years, whose stature was
not inferior. In Plott's History of SUiJfordshire, tliere

is an instance of a man of seven feet and a half high,

and another in Thoreaby's account of Leeds, of seven

feet five inches. Examples may he found elsewhere of

several individuals seven feet in height, below which,

after the opinion of the ancients, we may cease tojcon-

sider men gigantic. A porter belonging to the Prince

of Wales, commonly called Big Sam, though long es-

teemed of much larger stature, we believe proved to be
only six feet ten inches. Entire families sometimes, '

though rarely, occur of six feet four, or six feet six inch-

es high.

From all this we may conclude, that there may have
possibly been seen some solitary instances of men who
were ten feet in height ; that those of eight feet are

extremely uncommon, and that even six feet and a half

far exceeds the height of men in Europe. Neither, as

we shall afterwards explain, is there any reason to sup-

pose that the human race has degenerated with the pro-

gress of time. But first let us say a few words on a

subject which has excited much controversy, the exist-

ence of a nation of giants on the continent of South.

America.
The earlier navigators towards the Straits of Magel- Qig^^g

Ian and the neighbouring coasts, soon remarked the ex- ifibes suu
traordinary size of the natives repairing to the coast ; exUt.

and in the narrative of Magellan's own voyage, is an ac-

count of the first Patagonians, so called by the Portu- „
1, . , I I 1 PataiToni*

guese m allusion to a long measure, who came on board ^^^
a European vessel. The strangers were also visited by
others displaying the same good nature, and those pr<>-

perties which still characterize the inhabitants of the

coast ; they were pleased with every thing they saw ;

the shackles with which Magellan prepared to make
them prisoners, they took for play-things, and inno-

cently allowed themselves to be fettered, and carried

into captivity from a barbarous curiosity. Sir Rich-

ard Hawkins, and Nodal, a Spanish navigator, de-

scribe the natives of the coast as a head taller than

Europeans, and of such stature that the crew of their

vessels called them giants ; and Sir Thomas Caven-
dish, speaking of those at Port Desire, says one of

their feet measuretl eighteen inches long. The Spa-

niards also, who had formed settlements in South Ame-
rica, seem to have been acquainted witli a tribe of

large stature; and a woman, who had been many years

in captivity, returned with an account of a whole army
of giants. Still there was but a very imperfect know-
ledge of their history in Europe, until the public curi-

osity was roused by the narratives of the English cit-

cumnavigators, between the years ITGO and 1770; for

the preceding notices of Turner, who said ho ha<l
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seen a giant 12 feet high on the coast of Brazil, and of

Knivet who had seen a youth 13 spans in height, at-

tracted no attention. In the year ITG-i, Commodore
Byron visited the coast of Patagonia, and, in describing

the inhabitants as of gigantic stature, concluded from

his own size, that they could not be less than six feet

and a half, or seven feet high ; but he did not measure

any of them. This omission, however, was supplied by
Capt. Carteret of the Swallow sloop ofwar, which reach-

ed Cape Virgin Mary near the eastern entrance of the

Straits of Magellan in 1766. When he went ashore, 60

or 70 of the natives had assembled, and the number
continually increasing, had augmented next morning to

several hundreds of men, women and children. They
were a fine race of people, their features large, with to-

lerably clear complexions and long black hair ; and on

measuring the size ofmany. Captain Carteret found it in

general from six feet to six feet five inches high ; some

were six feet seven inches, but none taller. This

proves the hazard of conjecture, for Mr Charles Clarke,

who had accompanied Commodore Byron, concludes,

that of about 500 people, there was hardly a man less

than eight feet high, most of them considerably more,

and some who certainly attained the height of nine

feet, if not above it. The women also, he infers, were

from seven and a half to eight feet. Except with re-

gard to the height, the accounts of Captain Carteret

and Mr Clarke coincide ; but Captain Wallis further

corroborates the words of the former. In the course of

several interviews, he found by " measuring rods," that

the tallest man among the Patagonianswas6feet 7inches

high ; that several were within an inch or two of that

height, but the ordinary size was from 5 feet 10 inches to

6 feet. Both sexes were clothed in skins,- and so much
alike, that at first sight itwas not easy to distinguishthem.
Their manners were mild and courteous ; they had a
ready apprehension, and were extremely intelligent.

' Many rode horses of the Spanish breed, fourteen or
fifteen hands high ; and it appeared their residence was
inland, not on the coast. Mr Clarke seems aware, that

the credibility of his relation might be called in ques-
tion : Captain Carteret's was written very soon after

the interview, and was accompanied with regrets, that

the orders of his commanding officer were of such a de-
scription, as to preclude a more familiar intercourse

with the Patagonians. We call them Patagonians, in

coincidence with the name bestowed on them by their

earlier visitors ; but their proper appellation is Tehiiels,

or Tehuelhets,—as we learn from a missionary who re-

sided many years in the country, and whose remarks
will probably solve the difficulties which have been ex-
cited by the accounts of transient navigators. The
Tehuelhets occupy a mountainous tract of South Ame-
rica, intersected by deep vallies, and wanting rivers of
considerable size, boun<led on the east by a vast desert,

and on the north by a tribe called Chechehets. Their
stature rarely exceeds seven feet in height, and often
does not reach six feet. About forty or fifty years ago,
they had a chief seven feet and some inches high, with
whom the missionary Mr Falkner was well acquaint-
ed ; but he affirms, that he never saw any Indian above
an inch or two taller ; that is, we conceive, seven feet
and a half. The brother of this chief did not exceed
six feet. They are a strong well made people, not so
Uwny as the other Indians, and some of their women
as white as Spaniards: They are restless and nomadic,
chiefly mounted on horseback, and always in motion.
Another tribe, or, as some suppose, a different division of
th« same tribe, called Puelches, dwells on the western

side of the continent, where bounded by the straits of

Magellan on the south. They are very large, several

being nearly seven feet six inches high. One branch of

the tribe Huilliches, in the same vicinity, is denomina-
ted Great Huilliches, from their larger stature ; and the

Chechehets are tall and stout, like their neighbours the

Tehuelhets, but speak a different dialect : and both ac-

knowledge the Levuches, of whom we have no particu-

lars, as their head. Most of those tribes are equestrian;

but there is one called Yacanacunnees, or foot-people,

because they always travel on foot, and have no horses

in their country. Many concurring circumstances tend
to prove, that the Patagonians of the older authors, and
also of more recent navigators, are the various races of
South Americans now described, though at this day
greatly reduced from tlieir former numbers. Larger
stature, personal appearance, courteous disposition, a
nomadic life, and a variety of peculiarities, are common
to both. Thus it seems undoubted, that certain tribes

of mankind exist on the South American continent,

whose size considerably exceeds the common stature of
mankind, that they might reasonably be esteemed giants

when compared witli their Portuguese or Spanish visi-

tors, who probably were of very ordinary dimensions

;

but that the extreme height to which the tallest reach

at present, does not exceed seven feet and a half. We
read, that the ancient Germans, Gauls, and Caledo-

nians, were men of great bulk and strength : magna
corpora el tantiim ad impetnm valiila,—as expressed by
the historian of Agricola. Had these nations been pre-

served pure, and without intermixture, perhaps their

stature might have been preserved also : Yet . it is

scarcely to be denied, that the stature, or at least the

strength, of mankind, improves with civilization. The
savages of no part of the New World, if we except the

Patagonians, of whose powers we have never obtained

a comparative view, are equally strong as the inhabi-

tants of Europe ; and it has been ascertained, that the

natives of Great Britain are individually the strongest

of all the human race hitherto known. The warmer
climates, as well as those where extreme cold prevails,

are equally unfavourable to strength and stature ; and
each seems to have a decided influence on the mind

:

It is within the temperate regions of tlie earth, that na-

ture has endowed mankind with the most distinguished

mental and personal energies.

From all that has hitherto been explained, the solita-

ry instances of gigantic stature occurring in Europe, as

well as uncommon diminution of the human size, ought
to be assimilated to that species of monstrosity, where
the aberrations of nature tend either to excess or defect.

Symmetrical giants are seen, it is true, though very
rarely, and also symmetrical dwarfs ; but more gene-
rally there is some disordered organization in their per-

sons, particularly in the head and extremities. These
are small in giants in proportion to their other mem-
bers ; but the head of dwarf's is almost invariably very

large. Giants are seldom endowed with physical power
or mental energy : the period of life is, for the most
part, abridged m dwarfs. Nature seems to languish in

the preservation of both, but more conspicuously in re-

gard to the former : They want strength, and are defi-

cient in courage ; nay, it is said, that on some extraor-

dinary occasion, when several dwarfs and giants were
assembled at Vienna, a quarrel ensued, and one of the

dwarfs fought a giant to considerable advantage. Did
we not view these beings as mere exceptions, the scale

of disparity in the human stature would not be so li-

mited as is wont to be supposed. The difference be-

Giaat
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tween a person of two feet four inches, said to be the

shortest dwarf, and another of eight feet, whom we
shall here esteem the tallest man, being five feet eight

inches, is enormous. But, in Great Britain, the scale

of size does not, at an average, range through five

inches, nor probably in the rest of tne world. That

gigantic and pigmy stature ie a simple accident, is pro-

ved from numerous facta. They are alike the chil-

dren of ordinary parents ; and their descendants, in-

stead of resembling themselves, resemble their fore-

fathers. Besides, all the other members of their own
generation are usually of the common size. Never-
theless?, with proper precautions, the human race, as

that of other animated beings, may be improved ; of

which a notable instance is said to exist at Berlin, in

the posterity of a very fine grenadier regiment formed
by Frederic. Thus the stature of an entire tribe may
be preserved, as in South America. In Europe, it is

observed that men of the largest dimensions are gene-
rally of fair complexion, but that their muscles are soft,

and their pulse slow and languid.

There are several reasons why mankind have been
prone to believe in gigantic nations. First, among the

Jews, from its being recorded in scripture ; secondly,

from the mythologies and fabulous histories of the

Greeks and Romans ; thirdly, from the discovery of
enormous bones in the earth, belonging to no existing

race of animals in the place where they were found.
This last has been deemed one of the strongest confir-

mations; and unquestionably, without due considera-

tion, it might stagger tlie most incredulous. Suetonius
tells us, that in the time of Augustus huge bones were
shewn as those of former races of men ; and St Augus-
tine reasons on the existence of giants before the de-

luge, from observing a tooth an hundred times exceed-
ing the common size on the shores of Cilicia. At the
present times, bones of immoderate dimensions are fre-

quently dug out of the earth, which it has been reser-

ved for modem anatomists to prove are those of extinct

animals, instead of gigantic men. But it is not sur-

prising, if, in the ages of ignorance, they were sup-
posed to be such ; and even now, osteology is so little

imderstood by the vulgar, that few can tell, on the
first discovery of a bone or a fragment of it, whether
it has belonged to a man or an animal. Those enor-
mous skulls or leg-bones, which would have created a
race of giants sixteen or twenty feet high, have there-

fore been the relics of elephants, or of some of those
extinct animals, whose dimensions sui-passed those of
any which at present inhabit the known world.

There is no evidence whatever, that the modem tribes

of mankind have degenerated in size. The catacombs
of ancient Egypt and Palestine ; the cenotaph, if it be
truly such, in the great pyramid ; the tomb of Alexan-
der the Great, are all calculated for bodies of ordinary
dimensions. The truth is still more satisfactorily estab-
lished from the rnummies which are yet withdrawn
from their subterranean receptacles in Egypt, and the
caverns of the Canary Islands. In the most ancient
sepulchres of Britain, those apparently anterior to the
introduction of Christianity, no remains are discovered
which indicate the larger stature of the inhabitants than
our own. In every part of the world, domestic imple-
ments and jienional ornaments, many centuries old, are
obtained from tombs, from bogs and mosses, or those ci-
ties overwhelmed by volcanic eruptions, which would be
ill adapted to a gigantic race of ancestors. See Fltilo-
sophiciil Transactions, vol. xxxiv. and Ix. ; Journal de
Phi/slqve, 1778; Hawksworth's Voyages, vol. i. ii.;

Kircher, Mitndus Suhlerraneus, lib. viii. ; Cuvier, Osse- Ciint'n

mens Fossiles ; HieronymuaMei^ua, Miscellanea ; Flo-
.™'*'*Y'-

rtis, lib. iii. cap. 3. ; Plini/, lib. viii. cap. 16. ; Augus- '
~

tine, De Civiiate Dei. (c)

GIANT'S Causeway. To traditionary ignorance
we may safely attribute a name, by which a basaltic

portion of the coast of Antrim has been distinguished.

Fin M'Coul, or, as he is classically denominated, Fion
Mac Cumhal, desirous to punish the daring inroads ofthe
Scots, resolved to

" Bridge the ocean for Uic march of war."

Orummoxd.

And as all the heroes of his standing were either gods,
demigods, or giants, we cannot be surprised, that an
appearance liearing such close resemblance to artificial

combination, should have been attributed to one or other

of these agents.

The Giant's Causeway must not be limited to the
particular mole or quay to which the traveller is con-

ducted, when he approaches the coast from Bush Mills,

the usual resting-place. It extends, as we have already

observed under the article Fairhead, throughout the
whole of Bengorehead, from Port Moon on the east, to
Port na Ganye on the west ; a district of coast extend-
ing to more than a mile and a half in a direct line ; and
in every part of it, deeply indented with the most beau-
tifully diversified bays.

Upon approaching the Causeway, the tourist is sure

to be assailed by a host of ragged natives, whose at-

tentions it is utterly imposxible to get rid of: he must
therefore quietly submit to take a few of them into

his pay in the character of guides, in order to defend
him from the importunities of the rest. Accompanied
by these unwelcome guests, he is conducted down a
steep path, which was formed at a great expence by
the late Earl of Bristol, Bishop of Londonderry, to a
natural mole which projects considerably into the sea

;

and here he is told, that this is the Giant's Causeway.
The impression which generally follows is something
like disappointment, so much has been heard, and con-
sequently so much expected of the place. This feeling,

however, is only of a momentary nature ; for the mind
has no sooner time to reflect on the admirable symmetry •

of an object with which nature seems purposely to have
sported, in order to baffle the feeble intellect of man-
kind, than wonder and delight replace the apathetic

feeling, which had nearly produced an ejaculation of
discontent.

This mole or quay is entirely composed of basaltic

columns : it is part of an immense bed, which here dips

into the sea, and rises, as it is traced eastward, until it

reaches a height of '200 feet above the level of the sea.

These columns are arranged perpendicularly, and so
accurately fitted into each other, that the point of a

knife is not to be introduced between them, excepting
where the seams have been opened by the action of
the weather. This collection of columns extends from
the base of the cliff into the sea about 725 fe«t,

part of it at low water being still covered. It is di-

vided into three parts, which are denominated the
Great, the Middle, antl the Little Causeway. These
separations are occasioned by two parallel dykes, which
traverse the columns in a northern direction ; and to

these perhaps the preservation of this mole is to be
attributed ; for although they are excavated, and
worn down on the surface, still they remain firm at the
base, and afford an immoveable support to the columns.
These are of all shapes, from the triangular prism to
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Giant's figures of nine sides. It is seldom that any among the

Causeway, multiplicity of forms which present themselves are very
"*"''''''"'

symmetrical, those of the pentagon and hexagon are

most common ; and they sometimes, though rarely,

occur perfectly equilateral. In the Inghest part of the

mole," the columns are from 25 to 30 feet in length, ex-

tremely straight and well proportioned : to this place

the name of tlie Loom has been given. The prisms

are wonderfully sharp in the angles, and present the

very curious phenomenon of articulation throughout

their whole extent. This articulation is not perfonned

by a simple section of the column, but the joints are

let into each other in the manner of the ball and soc-

ket, so that the angles of the under joint extend in

the form of triangular projections, over those of the

one above it. These projections, or spurs as they have

been denominated, are easily detached ; and in some

places, particularly among the columns at the Organ a

little east of the mole, where they are 45 feet in height,

this mutilation renders the articulation particularly re-

markable. The joints are from eigiit inches in length to

a foot and a lialf, and sometimes even two, feet ; they

are often longest towards the bottom. In diameter, the

colunms may average about 16 or 20 inches ; they are

wonderfully uniform in this respect; those of a triangu-

lar and square form are very rare, as well as those of

nine sides.

The height of tlie cliff which overhangs this mole,

is about 330 feet above the level of the sea, and va-

ries from that to 400 feet, which is the elevation of

Pleskin, one of the principal promontories towards the

eastern extremity of this basaltic district. This por-

tion of the coast is deeply indented ; each little bay is

denominated a port, and distinguished by its particular

name, as Port Nofer, Port na Spania, &c. and along

the whole coast the basaltic fomiation is beautifully ex-

posed to view, in one of the most magnificent facades

perhaps in the world. In some of the promontories, the

ranges of columns placed over each other, and separated

by amorphous trap, extend to the number of four or five.

This is particularly the case in the great headland
which bounds the east side of Port na Spania. At Port

Pleskin, the visible ranges of columns are only two,

but here they are magnificently displayed, and on a
larger scale than in any other part of the causeway.
The number of beds of trap are altogetla'r about l6",

partly very soft amygdaloid mixed with much zeolite,

and partly irregular prismatic basalt. These are here and
there interspersed with beds of bright red ochre ; on
one of whJcli, at an elevation of about 200 feet from
the sea, the first bed of columnar basalt rests, measuring
about 44 feet in thickness. On this a bed of irregularly

prismatic basalt lies, 51 feet thick; and on it another
colonnade, still more magnificent than the first.

Pleskin is the highest elevation of this basaltic dis-

trict ; from it the beds all dip to right and left, and
that which we have just mentioned, as resting on a
surface of retl ochre, 200 feet above the level of the
sea, on the west, sinks below its surface at the mole,
which in fact is merely a portion of it, and on the east

it disappears in the middle of Port Moon. The view
from the summit of Pleskin, is one of the most impo-
sing that can be imagined ; the series of headlands, which
are seen in perspective from this jwint, form one of the
grandest pictures of coast scenery, tliat it is possible to
conceive.

The substance of the columnar basalt is extremely
compact, of a dark iron grey colour, fine grained in the
texture, and conchoidal in the fracture, with sharp-

4

edged angular fragments. It is totally different from
the substance of which Fairhead is composed ; and per-

haps we could not point out where the distinction be-

tween basalt and greenstone is better defined, than
at Fairhead and the Giant's Causeway. The blocks or
joints are extremely sonorous. Small pieces ofcalcedony,
fine semi-opal, and even precious opal, have been found
imbedded in it: it is occasionally ceil\dar, and in some
places presents theverysingulai- phenomenon of contain-
ing fluid water; a circumstance which may be observed
in the columnar basalt that occurs in a quarry not
far from the summit of Pleskin. Tin's tact has been "ur-

ged by Dr Richardson as an incontestible proof of the
impossibility of basalt being of igneous origin ; but the
theorists on that side of the question have no difliculty

in accounting for it ; we may remark, however, with
regard to the value of the fact itself, that it cannot be of
much consequence ; for if pieces of the stone be re-

moved for a time from the quan-y, water will no longer
be found in them, having made its escape ; hence, if

the stone be sufficiently porous to admit of the escape
of the fluid, it cannot be denied that water may also be
admitted through the same channel.
The Causeway lias one considerable advantage over itt

rival Staffa, being much more accessible; it is distant

about six miles from Colerain, between which and Bel-
fast there is a regular mail-coach communication.

See the Rev. Mr Dubourdieu's Statistical Survey of
Antrim ; Dr Hamilton's Letters on the County of An-
trim ; the Giant's Caitsemai/, a Poem, by \V. H. Drum-
mond, D.D. ; tlie Rev. Richard Pocock's Account of the
Giant's Causeway, in the Phil. Trans. 1747-8, vol. xlv.

page 124; and Dr Richardson's Paper on the basaltic

country in Ireland, in the Phil. Trans. 1808, vol. xcviii.

p. 187. (s. N.)

GIBBON, Edward, Esq. celebrated for the elegance
and depth of his literary and historical M-orks, was the

first child of the marriage of Edward Gibbon, Esq. and
Judith Porten. He was bom at Putney in the county
of Surry, on the 27th of April O. S. 1737. His ma-
ternal grandfather was Mr James Porten, a London
merchant. By the father he was descended from John
Gibbon, who is recorded to have been the marmorius
or architect of Edward III. The strong and stately

castle ofQueensborough, which guarded the entrance of
the Medway, was a monument of his skill, and obtain-

ed for him the reward of a hereditary toll on the pas-

sage from Sandwich to Stanar, in the isle of Thanet.

The family was at that time possessed of lands in Kent,

and the elder branches continued to possess them witli-

out much alteration till the present time. Our author,

who was descended from a younger branch of the fami-

ly, counts among his kindred several individuals of rank,

learning, and political eminence. He was the only sur-

viving member of a family, consisting of six sons and
one daughter, all of whom, himselfonly excepted, were
snatched away in infancy. In his Memoirs of himself,

publislied by his friend Lord SlieflSeld, he makes use of

the following tender expression of his feelings :
" My

five brothers, whose names may be found in the parish

register of Putney, I shall not pretend to lament ; but

from mi) childlinod In the present hour, I have deeply and
sincerely regretted my sister, whose life was somewhat
prolonged, and whom I remember to have seen an ami-

able infant." His own constitution was so extremely

feeble even from his birth, that, anticipating his early

loss, his father's prudence had the name of F^dward re-

peated in the baptism of each of his sons, that this here-

ditary appellation might assuredly belong to the heir.
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It is strange to say, that sucli a succession of melancho-

ly casualties did not wean tlie parents of this last liopc

of their family from the ceremonies and gaieties of life
;

and that the historian acknowle<lges, with grateful

warmtli, that even the maternal office was supplied by
his aunt Mrs Catherine Porten, to whose gentle and un-

remitted assiduities he does not hesitate to ascribe the

wonderfid preservation of his life. His tender attach-

ment, and his filial duty to this lady, place his charac-

ter in a very amiable point of view. At the age of fif-

teen, " the mysterious energies" of his constitution be-

gan to display themselves, and from that time till with-

in a few years of his death, he enjoyed an extraordinary

and uninterrupted course of good health. In his nur-

sery lessons, and at the day school at Putney, he shew-
ed some quickness of appr^iension, and such a readiness

in arithmetical exercises, as leads him to suppose, that,

had he pyersevereil in sucli studies, he might have ac-

quired eminence as a mathematician. At the age of se-

ven, he was committed to the care of Mr Kirkby, a do-

mestic tutor, who remained with him eighteen months,

and taught him, among other things, the elements of
the Latin language. Young Gibbon was sent in his

ninth year to the grammar school of Kingston-upon-
Thames, where he continued one among a crowd of

boarders for two years, (with the exception of intervals

occasioned by illness and vexations,) and from which
he was removed home in consequence of the death of
his mother. As his grandfather Mr Porten's house at

Putney was near his father's, he again enjoyed the so-

ciety and kindness of his beloved aunt ; and having ac-

quired some taste for reading poetry and romance
while at Kingston, she encouraged his taste, and sup-
plied him abundantly with books from her father's lib-

rary. Some months having thus elapsed, Mr Gibbon,
senior, finding himself inconsolable for the death of his

wife, removed from Putney, where every object was
associated with afflicting remembrances, to the rustic

and retired family residence at Buriton, in Hamp-
shire. Soon after, Mr Porten's affairs fell into disorder,

so that he judged it prudent to abscond for a time. Mr
Porten's unmarried daughter, Catherine, now found
herself destitute, and partly with the design of being
independent, but chiefly actuated by the motive of su-

perintending her nephew's education, and watching
over his health, she resolved to open a boarding house
for Westminster school ; and she and her young charge
removed to her new house in College street, in Janua-
ry 1749. In the autumn of 1750, she accompanied him
to Bath, on account of his bad healtli, where her own
avocations compelled her to leave him under the care of
a faithful domestic.

After various changes of place, and the complete es-

tablishment of his health, Gibbon was entered a gentle-

man commoner of Magdalen College, Oxford, in April
1Y52. At this ancient and far-famed seat of learning,

he passed fourteen months, which, with bitterness of
spirit, he declares to liave been the most idle and un-
profitable ofhis life. For this he does not blame himself,
for he declares he had now a keen appetite for know-
ledge ; but the relaxed disciphne and customs of the
university. He describes it as a place in which a
young man may keep terms, spend money, and acquire
bad habits, but totally unfit for stimulating genius to
exertion, or promoting the attainment of knowledge and
wisdom.
He declares that all the direct advantage which he

received from Oxford was the reading of some of Use
OU Z. PART I.

comedies of Terence ; and while he adnuts that some
colleges may be better regulated than that to which
he belongetl, that many eminent men have been edu-
cated there, and that some practical improvements have
been adopted since his time, he still insists on the ne-

cessity, at the same time that he admits the difficulty of

a great reformation. He even complains tliat his moral
conduct, and religious instruction, were completely ne-
glecte<l, and that, without a single exhortation or lesson,

he was left, by tlie dim light of his catechism, to grope
his way to the chapel and communion table. His se-

dentary habits, and infirm health in early life, had led

him to indulge in desultory reading ; and though his

father was a man of the world, who cared httle about
religious controversy, yet his pious aunt had taken
pains to instruct him, and had encouraged him to ask

questions and propose objections, whicli she wjis not
always well qualified to answer. At Oxford he read

with avidity certain of the writings of Parsons the

Jesuit, and of the learned and profound Bossuet, in de-

fence of the doctrines of the Catholic faith, and having
formed an intimacy with a young man of the same col-

lege to which he belonged, who had imbibed opinions

favourable to the Church of Rome, he actually became
a proselyte, and with the zeal of a martyr he went to a
Catholic priest in London, renounced the Protestant

faith, and was admitted into the pale of the Komish
church.

He then wrote a long letter to his father, explanatory

of his new profession, and the grounds of it. His fa-

ther, equally indignant and amazed at the intelligence,

somewhat imprudently spoke of his son's change of re-

ligion, and the gates of Magdalen College were thence-

forth shut against him. "This only adtied zeal to the

faith of the young disciple, and his father, after much
deliberation and sorrow, determined to exile him for

some years from his native country, and to fix him at

Lausanne in Switzerland, under the roof of Mr Pavil-

liard, a Calvinistic minister, in the hope that his errors

would be corrected. Thither young Gibbon accord-

ingly went, rejoicing that he was counted worthy to

suffer for what he deemed the cause of truth. In his

new situation, he enjoyed few of the comforts, and none
of the luxuries to which he had been accustomed. His
accommodation was mean, and the economy of the

house by no means suited to the elegance of an English

taste. Yet he soon became not merely reconciled to,

but even pleased with his situation. The conversation,

the books, but above all, the kindness and confidence of
his amiable host, promoted his intellectual improve-

ment, and his happiness. His mind too was amply
gratified in its appetite for religious controversy ; and
Monsieur Pavilliard, who, in his letters to Mr Gibbon,

senior, extols the progress of his pupil, informs him
from time to time of the tenacity with which he held

his opinions, and the obstinate perseverance with which

he debated every point of his faith. At length the va-

rious articles ofthe Romish creed vanished like a dream,

and after full conviction, he was a communicant on

Christmas day 1754, in the Presbyterian church of

Lausanne. As this forms a most important part of Mr
Gibbon's life, and as it tends to throw light on the sub-

sequent scepticism which too plainly marks his writings,

we have dwelt more fully on it than we should other-

wise have done. The following oracular sentence con-

tains the only allusion which he himself makes to its

influence on his opinions. " It was here that I 8u.<-

pended my religious inquiries, acquiescing with impli-

2l

Gibboa.
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Gibbon, cit belief in the tenets and mysteries which are adopted

'*~'V"' by the general consent of Catholics and Protestants."

The incident next in importance, which distinguish-

es Mr Gibbon's residence at Lausanne, was the honour-

able attachment which he formed for tlie accomplished

Mademoiselle Susan Curchod, the daugliter of an ob-

scure Protestant clergyman in the neighbourhood. The
lady favoured his addresses, but they were ojiposed by

his father, on whom he found himself completely de-

pendent, and to whose veto he submitted with a degree

of apparent sangfroid, not easy to be explained consist-

ently with the professed warmth of Ids affection. This

interesting female attained afterwards a melancholy

eminence as the wife of Neckar. As the sensitive Rous-

seau speaks in terms of keen disapprobation of the con-

duct of Gibbon on this occasion, it is fair to state, that

the latter afterwards renewed his intimacy with her as

the wife of the celebrated ex-minister, and lived fox-

many years on a footing of easy and affectionate fami-

liarity with herself and her Imsliand.

At length, after an absence of nearly five years, he

was permitted to return to England about the begin-

ning of summer 1 758. In the interval, his father had
formed a new connection by marriage, and our learned

stranger was received with a degree of kindness which
filled him with satisfaction. After two years passed in

study or amusement, his father and he rashly offered

their services in the Hampshire militia, in which they

were appointed major and captain, and kept under
arms and in constant service for nearly two years. Du-
ring this time, young Gibbon, though deeply disap-

pointed at the sacrifice he had made, and of which he

had by no means anticipated the extent, endeavoured to

acquire a knowledge both of the art of war and of Bri-

tish tactics, and acknowledges, with great honesty, that
" the captain ofthe Hampshire militia has not been use-

less to the historian of the Roman empire !"

When at Lausanne, he meditated, and began, the com-
position of a small work, entitled Esmi stir I'Etude de la

Literature, which he finished in England, and publish-

ed, with a dedication to his father, in 1761. Tliis work
was written in French, a language in which his daily

habits of conversation and study when at Lausanne,
had rendered him more adroit than in his vernacular

tongue. His chief object in this coup d'essai, was to

revive on the continent, and especially in France, the
decaying taste for the languages and literature of Greece
and Rome. This juvenile production was well received,

both at home and abroad. After the peace of 1763, he
again went to the continent, and on his way to his fa-

vourite Lausanne he visited Paris, where he remained
for three months, and was introduced to the acquaint-
ance of D'Alerabert, Diderot, and many other of the li-

terati of the day. Having passed through Dijon and
Besangon, he arrived at Lausanne in May 1762, and,
fascinated with the renewal of the scenes, studies, and
associates of his early years, he remained there till the
following spring. Having prepared himself, by exten-
sive study, for a projected tour through Italy, he set out
in April 1764, and going by Parma and Florence, pro-
ceeded through Sienna to Rome, on entering which re-
nowned city he was almost overwhelmed with emo-
tions of enthusiasm. It was at Rome, on the 1 5th of
October, that, as he sat musing amidst the ruins of the
capital, while the bare- footed friars were singing vespers
in the Temple of Jupiter, tliat, as he informs us, he con-
ceived the idea of writing the Decline and Fall of the
Roman Empire

! He proceeded south to Naples, re-
visited Rome and Paris, and arrived at his father's house

in June 1765. Every spring he attended the monthly
meeting of the militia, and was promoted to the rank of
lieutenant-colonel commandant. Wearied with the de-
tails of this service, he resigned his command in 1770.
An annual visit at Buriton, from his much-loved friend

M Deyverdun of Lausanne, formed the most isgree-

able enjoyment of his life during this period ; and, with
the aid and encouragement of that learned and elegant
scholar, lie proceeded some length in preparing a his-

torj' of the rise and [)rogress of liberty and inde[)endence
in his adopted country, Switzerland. The great diffi-

culty of procuring materials, and his ignorance of the
German langunge, induced him to desist from the com-
pletion of this interesting design. In 1767 and 1768,
he in his turn materially assisted M. Deyverdun in the
publication of a work intended to be annual, entitled,

Memoires Literaires de la Grande Bretagne. This work,
of wiiich the third volume was nearly ready, was dis-

continued, in consequenceofMr Deyverdun agreeing to
accomj)any on his travels as tutor, a young friend of Mr
Gibbon's. The next publication of Mr Gibbon, is an
able and spirited, but most severe answer to that chap-
ter in Warburton's " Divine Legation of Moses," which
represents the sixth book of the vEneid as containing a
veiled account of the initiation of ^neas, in the charac-
ter of a lawgiver, into the Eleusinian mysteries. This
essay was published in English anonymously early in

I77O; and the author, with great ingenuity, shews, that

the sixth book is not an allegory, but a fable founded
on the popular belief, and that there is not a shadow of
probability in the hypothesis of Warburton. The Bi-
shop and his friends remained silent under this attack,

and the voice of the learned pronounced that Gibbon
was master of the field.

The grand project of " the History of the Decline and
Fall of the Roman Empire," which had been formed in
the interesting circumstances already alluded to, was
ever present to the mind of the author, though its ex-
ecution was for some time delayed ; and the embarrass-
ment of his father's affairs, as well as the decline of his

health, prevented Mr Gibbon from pursuing his studies

with his usual ardour. In November 1770 his father

died, and during the two succeeding years, the arrange-

ment of his affairs occupied much of his time and at-

tention. Finding himself at length comfortably settled

in a house in London, furnished with a valuable library,

and having long prepared for the task, he entered seri-

ously on tlie composition of his great work ; and when
he published tiie first volume in quarto, his success was
so great, that the first impression was exhausted in a

few days, and a second and third edition were speedily

called for. Letters of compliments flowed in upon him
from various quarters. I'hese were speedily succeeded

by the strictures, attacks, and confutations of those who
were offended with his 15th and l6th chapters, which
contain an unfair and insidious account of the rise and
progress of Christianity. The principal assailants were
Dr Watson, now Bishop of Landaff, Taylor of Nor-
wich, Mr Milner of Hull, I>ord Hales, Mr Davies of

Oxford, and Dr Priestley. That he was much stung

by these publications, he does not attempt to deny. But
the only one of them which he answered from the press

was the pamphlet of Mr Davies, because, as Mr Gibbon
alleges, be had attacked not so much the faith as the

fidtiily of the historian. This answer is entitled, A Vin-

dication of some Passages in the 15th and I6th Chapters

of the History, &c. and if he does not shew great can-

dour in his defence, the praise of ingenuity and learn-

ing will not be denied to him. After the lapse of a cor-
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sideraMe interval, the second and third volumes were
' published. The three last volumes, chiefly composed

at Lausanne, were printed in England, and published

in May 1788.

In 1 774, Mr Gibbon was returned as a member of

parliament from the borough of Leskeard, and was a

uniform but silent supporter of administration during

the American war. Timidity, he says, was fortified by
pride, and even the success of his pen discouraged the

trial of his voice. He held his seat during eight ses-

sions, and seems to have enjoy eil the conlidence, and
occasionally assisted the councils, of the administration.

Through the favour of Lord North, of whom Gibbon
always speaks with high respect and esteem, he was
appointed one of the lords commissioners of trade and
plantations, and had thus a clear addition to his income
of between L. 700 ajid L. 800 a year. The board was
abolished in the following session by a small majority

of votes in the House of Commons, but was soon after-

wards revived. Mr Gibbon held the place for three

years, that is, till the board was abolished by Mr
Burke's bill. Mr Gibbon having got into next parlia-

ment through Lord North's influence, for Lymington,
tells us, that he uniformly supported the famous coali-

tion between that minister and Mr Foxfrom a principle

ofgratitude. This confession, to be sure, though hard-

ly becoming the dignity of a historian, or the morality

of a philosopher and patriot, who may be expected

to act in a public cause, not from private feeling, but

from conviction, does yet sound as a weakness leaning

to virtue's side ; but most unfortunately for his reputa-

tion, even as a friend, he adds :
" My vote was count-

ed in the day of battle, 6ut I tvas overlooked in the di-

vision of the spoil. There were many claimants more
deserving and more imporlunaie than myself." A more
unblushing and more unvarnished acknowledgment of

venality we do not recollect to have seen ; and we
must confess that it lessens Mr Gibbon, in our moral

estimate, to a degree that is painful to contemplate.

One wonders that the man who had the meanness thus

to act, had the candour to acknowledge such meanness

in a memoir designed for the public eye. But, in truth,

with all the extent of his learning, and all the force of

his genius, he does not appear to have discovered the

unworthiness of thus betraying the interests of his

country for a private end.

The attachment of Mr Gibbon to Lausanne, and his

friendship for Mr Deyverdun, who was now residing at

his delightful villa there, induced him to form the ro-

mantic design of settling at that place, and living as an

inmate with his friend. This wish, no importunities

of his friends at home could prevent him from accom-
plishing ; and accordingly he realized his project in

178.3. His friendship with Mr Deyverdun continued

uninterrupted till the death of that respectable man,
which happened in 1789. .VIr Gibbon often lamented

this event m language tb.at shews how deeply he esti-

mated his loss ; but by an arrangement with the heir,

he continued to reside in the house till 1793, when the

horrors of the French Revolution, and the domestic af.

fliction of his friend Lord Sheffield, induced him to re-

turn to England. He was looked up to while at Lau-
sanne with respect and admiration, and his house was
the centre of learning and hospitality. The preference

which he shewed to that little paradise, as he used to

call it, made the inhabitants regard him as a father

;

and the regrets that followed his departure are a most
honourable tribute to his name. He arrived at the

house of Lord Sheffield in London about the beginning

of June, and spent the summer and autumn chiefly at

SheflSeld Place, where he seemed to enjoy good health,

and where his conversation was the delight of all who
heard it. For several years he had been subject to

occasional attacks of gout. Towards the close of
this autumn he was attacked with a dropsical tumour,
the formation of which he had too long concealed. Af-
ter submitting to several operations, after each ofwhich
he anticipated a complete recovery, inflammation came
on, and he expired in London on the iCth of January
179-i', in the 57th year of his age. We understand

that the friendship of Lord Sheffield induced him to

erect a handsome monument to his memory.
That Mr Gibbon possessed, in an eminent degree,

many of the qualities which constitute a good historian,

will readily be admitted, even by those wTio most disap-

prove of some of his sentiments. Extensive, varied,

and profound learning, unwearied perseverance, great

coolness of judgment, belonged to him in a high de-

gree ; and though his own diffidence leads him to dis-

claim a place beside our two great Scottish historians,

Robertson and Hume, we apprehend that he is not much
inferior to either. He has ably supplied a most impor-

tant desideratum in historical knowledge, and has filled

up the chasm which divided ancient from modern his-

tory. Though the history of his early life cannot ex-

cuse, it leads us, in some degree, to extenuate the dis-

ingenuousness with which he appears to be chargeable

in discussing the nature and propagation of Christiani-

ty ; and the able answers which have appeared, have,

we hope, effectually counteracted the baneful effects of

his misconceptions or misrepresentations. [I)

GibbiM.

GIBRALTAR.
Gibraltar, the Mons Calpe of the Romans, is a cele-

brated promontory in Andalusia, the most southern

province of Spain, stretching into the Mediterranean to-

wards the opposite promontory of Ceuta on the Bar-

bary coast. It is situated in Lat. 36° 6' SO" North, and
Long. 5" 19' 31" East, from the meridian ofGreenwich.
The mountain of Gibraltar is of an oblong form ; its

summit consists of a sharp craggy ridge, running in a

direction nearly from north to south. The line of this

ridge is undulated, being somewhat higher at the two
extremities than in the centre. The whole rock is

about seven miles in circumference, and forms a pro-

montory about three miles in length. Its breadth va-

ries with the indentations of the shore; but it no Gibraltar,

where exceeds three quarters of a mile. It is joined '^^'Y""^
to the continent by a low sandy isthmus, the greatest

elevation of which, above the level of the sea, does not

exceed ten feet ; and its breadth, at the base of the

rock, is about 900 yards ; but it grows considerably

broader towards the country. This isthmus, with the

mountain and the opposite coast of Spain, forms the

Bay of Gibraltar, which is nearly eight miles and a

half long, and upwards of five miles broad. The most
elevated point of the promontory, towards the south,

which is the summit of the Sugar Loaf, stands 1439
feet ; the Rock Mortar, the highest point towards the
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north, 1S50; and the Signal House, which is nearly

the central point between these two, 1276 feet above

the level of the sea. The western side of the moiuitain

presents a gradual slope, interspersed with abrupt pre-

cipices. The northern front, facing the Spanish lines,

is perfectly perpendicukr, with the exception of a nar-

row passage of flat ground towards the north-west,

which leads to the istlimus. The eastern side consists,

in a great measure, of a range of precipices ; but about

a third of its perpendicular height is covered by a bank
of sand, which rises from the Mediterranean in a rapid

acclivity. The southern extremity of the mountain
falls, in a rapid slope, from the summit of the Sugar
Loaf into a rocky flat, of considerable extent, called

Windmill Hill. This flat is bounded by a range of

precipices, at the southern base of wliich there is a se-

cond rocky flat, of similar form and extent, and sur-

rounded also by a precipice, tlie southern extremity of

which is washed by the sea, and ibrtns Europa Point.

This promontory has become famous, in modern
times, for the site of a fortress, which nature and art

have conspired to render the strongest in Europe, per-

haps in the world. Tlie Bay of (Gibraltar aftbrds so

commodious a harbour for shipping, and the promon-
tory itself seems so completely formed by nature for

conriraanding the narrow entrance into the Mediterra-
nean from the ocean, tliat a town of considerable strength

probably stood somewhere in this bay from the earliest

times. Indeed, ruins of great antiquity are still dis-

tinguishable at the bottom of the bay, on the banks of
the Guadaranque, about four miles north-west from
Gibraltar, which are supposed to be the remains of the

ancient city of Carteia, or Heraclea. But die mountain
itself does not appear to have been an object of particu-

lar attention in early times ; and the present town and
fortress are indebted for their name and existence to the

Moorish invaders of the peninsula.

About the commencement of the eighth century.

Count Julian, a nobleman of great wealth and influence,

whose daughter had been violated by Roderick, the last

of tite Gothic monarchs of Spain, determined to revenge
the dishonour done to his family ; and having secretly

retired into Africa, acquainted Mousa, the Saracen go-
vernor of the western provinces, with the distracted

state of the kingdom, and promised to assist him in an
attempt to dethrone the Gothic monarch. Mousa com-
municated the proposal to his sovereign, the Caliph Al
Walid Ebn Alxlalmalic, who resolved to try the prac-
ticability of the project ; and accordingly a small de-
tachment, consisting of 100 horse, and 400 foot, was
embarked in the year 711, under the command of Tarif
Ebn Zarca, who landed near the present town of Alge-
ziras, and finding the country almost defenceless, rava.

ged the neighbouring towns, and returned laden with
spoils. In the following year an army of 12,000 Sara-
cens was assembled for the invasion of Spain, and Tarif
was again appointed to the chief command. He landed
on the isthmus between Mons Calpe and the continent;
and having determined to establish a port on the coast,

by means of which he might secure a communication
with Africa, and at the same time cover his retreat, in
case he should be imfortunate in his future operations

;

he preferred the strong natural situation of Mons Calpe,
and gave orders to erect a castle on the face of the hill,

which the Saracens now called, in compliment to their
general, Gibd Tarif, or the mount.iin of Tarif; whence
the modern name of Gibraltar. From an inscription
discovered over the principal gate of this once magni-
ficent pile, the period of its completiom is ascertained to

CiLriU«:be about tlie year 725. Having left a garrison at Gib-
raltar, Tarif marched into the count-y, and seized upon "^^^T"
several of the towns in the neighbourhood. In tlie

mean time. King Koderick, having received intelli-
J

gence of his approach, assembled a numerous army to

oppose his progress. A battle was fought near Xeres, ,

in Andalusia ; and after a long and sanguinary contest, «

victory declared in favour of the Saracens, and left
*

them in possession of the whole kingdom.
From this period tlie Moors continued masters of Gibraltar)

Gibraltar, until the beginning of the l-lth century, taken by

when it was wrested from them by the victorious arms I'"erdinan<

of Ferdinand, King of Castile. In the year 1328,
^'"jfj"^

Abomelique, son o£ the Emperor of Fez, was dispatch-

ed with assistance to the Moorish King of Granada, \

and landing at Algeziras, immediately laid siege to
|

Gibraltar. Alonzo XI. who was then upon the throne
;

of Castile, was prevented from marching to its relief

by a rebellion in Iiis kingdom, and by the approach of '

Mahomet, King of Granada, towards his frontiers. The
fortress was attacked with great judgment and bravery. Retaken

and defended, with equal obstinacy, by the governor, Abome-

Vasco Perez de Meyra, who was compelled, however, ^V^> 'S

to surrender, after a five months siege. Having quel-
led the rebellion, and obliged Maliomet to retire, Alonzo

;

had advanced within a short distance of Gibraltar, !

when he was informed of the capitulation. Having Besieged
j

resolved, however, to attempt its recovery, before the Alonzo Jl

Moors could victual and repair it, he encamped before
the town five days after it had surrendered. But after

several serious attacks had been made upon the castle,

Mahomet, King of Granada, having joined Abome-
lique's forces, their combined army encamped in the
rear of the Spaniards, extending across the isthmus from
the bay to the Mediterranean. Being thus placed in whoisol

an extremely critical situation, Alonzo was at length ^^'^ '"

"

obliged to listen to an accommodation, in consequence ''"'

of which he was permitted to retire unmolested. In A^jn (^

the beginning of the year 1349, Alonzo again encamp- sieged b
ed before this important fortress ; and, in the course of Alonzo;

several months, the castle was almost reduced to capi-

tulate, when a pestilential disorder carried off' a great

number of the besiegers, and, among the rest, Alonzo
himself, who died, much lamented, on the 26th of whodicsLi
March 1350. The Spaniards immediately afterwards fore the

i

raised the siege. The descendants of Abomelique con- place, 1J^|

tinned in quiet possession of Gibraltar till 1410, when ;

it was seized and retained by Jusaf III. King of Gra- Gibralt«|

'

nada. In 1 435, Henry de Guzman, Count de Niebla, seized bi

lost his life in an unsuccessful attack upon Gibraltai-. ^'?^"
In 1462, a great part of the garrison having been with- qI^^i
drawn, to assist one of the parties in a civil war which 1410. i

,

broke out in Granatla, a Spanish army was collected . j

from the neighbouring garrisons, and Gibraltar was be-
thc^'S"''

sieged. The inhabitants defended it with great reso- niards, sii

lution ; but the besiegers having been reinforced, the surrendti i

garrison surrendered to John de Guzman, Duke of HSi, {

Medina Sidonia, son of the unfortunate Count de Nie-
]

bla ; and thus was this important fortress finally wrest- '

ed from the Mahometans, after they had possessed it
1

during 7<t8 years. This conquest was so acceptable to R
Henry IV. of Castile and Leon, that he added it to his 1

^

royal titles, and gave it for arms, gules, a castle, pro-

per, with a key pendant to the gate, or; which arms '

have ever since been continuetl. In tlie year 1540,
surprise; <

Gibraltar was surprised and pillnged by Piali Hamet, a„(i piii,iti

one of B&rbarossa's captains. During the reign of the by Piali i!«:

Emperor Charles V. the fortifications of tlie town were m'tj ^^•

modernised and augmented by Daniel Speckel, a Ger<
1

I I
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nan enjfinecr ; after whidx the garrison was thought
to be impregnable.
From that period there is a chasm in the history of

Gibraltar down to the yew 1704., when this fortress
was %vre3te<l from the dominion of Spain by tlie Eng-
lish, under Sir George Rooke. Sir George Jmii been
sent into the Mediterranean with a strong fleet, in the
sprmg of tliat year, to the assistance of Charles, Arch-
duke of Austria; but not having been able to succeed
in any enterprise of importance, it was at length resol-
ved, in a council of war, to make a sudden and vigor-
ous attempt upon Gibrakar. Tlie fleet arrivetl in the
bay on the 21st of July ; and 1800 English and Dutch
commanded by the Prince of Hesse d'Armstadt, were
landed on the isthmus. The governor having refused
to surrender upon being summoned, the cannonade
was commenced with such vivacity and effect, that in
five or sijf hours, the enemy were driven from tlieir
guns, especially from the New-mole head. The armed
boats were then dispatched to take possession of that
lortification

; but some pinnaces having pushed ashore
betore the rest came up, riie Spaniards sprung a mine
which blew up the works, and killed a number of men'
ihe assailants however advanced, and took a small
bastion half way between the mole and the town ; uponwhich the governor, being again summoned, thoiiffht
proper to capitulate; and, on the 24th, the Prince ofHesse took possession of tlie gates.
The capture of Gibraltar by the English could not

fail to excite considerable alarm in the courts of Madridand Versailles
; and its recovery being considered as of

the last consequence to the cause, the Marquis de Vil-
kdarias, a grandee of Spain, was ordered to besiege^ On the 11th of October, the Marquis opened his

29th he had resolved to attack the place by sea and
land, at five different points, had it not been most op-
portunely reinforced and supplied, on that very daV,by the fleet under Sir John Leake. Nevertheless, th^
Spaniards still entertained hopes of taking the fortress
and formed the desperate design of surprising tiie garl
nsoo, although the British admiral was before the town.On the 31st of October, .500 volunteers took the sacra-ment never to return till they had taken Gibraltar.
Fortune at first favoured the enterjmse, and they sueceeded m scaling Charles the Fifth's wall, and surprisedand put to de.itL the guard at Middle Hill ; but havinffbeen at length discovered, they were vigorously attack!ed by a strong detachment of grenadiers, and tie wholeparty were either killed or made prisoners. In the be-ginning of December, the garrison received the long-
expected succours

; and the Spanish general being alfo
reinforced with a considerable body of infantry, on the

Alt H^"'""':
^'^^\ ""^'^^ '^•^ ^'^''^ ^'th 60 grena-diers on the works at the extremity of the King's Lines •

retreaTeY iTeTet' TT' "^^ers being killi, the restretreated. The attack, however, was renewed on thetollowingday, by 500 or 600 grenadiers, French andWalons, supported by 1000 Spaniards, under Lieute-

It^Lu Ti T"^- .
^^^'' disposition ^as to storm abreach which had been made In the Round Tower a?the extremity of the King's Lines, and anotherh. them^enchment on the hill. The detochment for the Z.per breach mounted the rock » ri<.n i e ul 'j

concealed themselves inlltt^' A 'day-bS'theyadvanced to the point of the intrenchment a.idcompeUed the party >vho defended it to relreat Atthe?ame time the Round Tower was stormed by SOO menm spite of a vigorous defence. But thelar^iao^brng
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at length alarmed, the assailants were charged with Gibraltar
such bravery, that they were repulsed ; and the Tower —^r^was retaken after it hatl been in their p.^^spssion up-
wards of an hour. The Marquis de ViiladiiriiiS was The siege
soon afterwards superseded by the Marshal Tcss^, a '""«^'' "<''
!• leiich general ; but the place was now so well sup- * 'J«l'»dfc

plied that the Marshal withdrew his troops from the
trenches, and converted the siege into a blockade-
drawing an intrenchment across the isthmus to prevent
the garrison from ravaging the country. The Prince
of Hesse remained in the place while the batteries i

were repaired. He also made some additions to the
fortifications, and left the garrison much stronger than
It was before the siege. Major General Ramos, who
had been present during the siege, was then appointed
governor. He was succeeded by Colonel Roo-er Elliot • <5''"-»I*»r

during whose government, in the month of April 1
706"' ""^".^ ^"^

Gibraltar was made a free port, by a special order from q" nher Majesty Queen Anne An^?,706.
in the year 1720, the Spaniards formed a secret de- tu c

sign of surprising Gibraltar, under the pretence of re- niardsf^
lieving Ceuta, then besieged by the Moors. A formi- a «cret d™
aable force was accordingly assembled in Gibraltar Bay, «xn of sur-
under the command of the Marquis de Leda ; but the P"**"? ^''>-

British ministry had timely notice of these proceedings •
"""

'

and such precautions were taken, that the Spaniards butareobU-
were obliged to abandon the project. From that pe- ^^^ " *'»™-
riotl, Gibraltar remained unmolested, till the latter end tin'
of the year 1726, when the Spaniards, having assembled
an army in the neighbourhood of Algeziras, encamped ^''"•^'^r

on the 20th of January 1727, on the plain below St ^f^ ^^

Roque, and began to erect a battery on the beach to niards

"

protect their camp. The fortress had undergone consi- 1T?7.
*

derable alterations since the siege in 1705. Several
new works had been constructed on the heights above
the lines, which were distinguished by the name of
Willis's batteries ; the Prince's lines were also extended
to the extremity of the rock; and an inundation was
formed out of the morass in front of the grand battery.
The Count de Las Torres commanded the Spanish
forces, amounting to near 20,000 men ; and soon after
his camp was formed, he advanced within reach of the
garrison. The British military and naval commanders,
having no instructions, were for some time at a loss how
to act ; but the Spaniards having, at length, sufficiently
discovered their hostile intentions, the lieutenant gover-
nor withdrew the out-guard, and on the afternoon of
the 1 1th of February, opened the old mole, and Willis'»
batteries, on the enemy's workmen. The enemy, how-
ever, still persistetl in cari-ying on their works ; and on
the morning of the 22d, the Count opened on the garri-
son, with 17 pieces of cannon, besides mortars. On
the 3d of March he opened a new battery of 22 guns
on the old mole and town ; and on the 8th another of
15 guns, bearing also upon the old mole, which, it
seems, proved a troublesome battery to the western
flank of their approaches. On the 2 1st of April,
Lord Portmore, the governor, arrived with reinforce-
ments to the garrison. On the 26th the Count opened
a new battery against WilUs's, and the extremity of the
Prince's lines. Their batteries now mounted 60 pieces
of cannon, besides mortars. The firing continued oa
both sides, until the evening of the 1 2th of June, when Hostaitiwi

dispatches arrived with a copy of the preliminaries of''""""**'*
a general peace, upon which all hostilities ceased. liL^Lfw"

Overtures had been made by his Majesty George I. of p«a«.
to restore Gibraltar to Spain, if the pariiament would
consent to the restitution; but the measure being
Strongly opposed, was relinquished by the minister. In
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1 730, Lieutenant General Sabine was governor of Gib-

raltar. During his government, the Spaniards erected

the forts and lines across the isthmus, about a mile from

the garrison, which effectually prevent any communica-
tion with the country, and are of considerable advan-

tage in case of a siege.

Although the Spaniards had been defeated in three

different attempts to recover Gibraltar, they still conti-

nued to look upon tiiat fortress with a jealous eye, and
seemed only to wait for a favourable opportunity of

wresting it, if possible, from the dominion of Great Bri-

tain. No such opportunity, however, occurred, until

the war in which England was engaged with her Ame-
rican colonies. France having espoused the cause of

our Transatlantic enemies, tile court of Madrid thought

proper to come forward with an offer of mediation, up-

on terms to which the belligerent powers could not ac-

cede. The refusal of Great Britain was followed by a

declaration of war on the part of Spain. It was obvious

that this war was undertaken principally with a view

to the recovery of Gibraltar ; antl accordingly a contest

ensued for the possession of that celebrated fortress,

which will be ever memorable in the military annals of

this country.

At this period. General Elliott was governor of Gib-
raltar, Lieutenant-General Boyd lieutenant governor,

and the garrison consisted of 5;)82 men. On the 21st

of June 1779, the communication between Spain and
the garrison was closed, by an order from Madrid. In

the mean time, preparations had been privately made
for tlie defence of the place, as soon as intelligence was
received of the probability of a war ; and wlien the first

hostile indications of the Spaniards were perceived, the

northern guards were reinforced, land port barriers

were shut, and an artillery officer was ordered to Wil-
lis's batteries, to observe tlie movements of the enemy,
and protect the Devil's-tower guard. In short, every
precaution was taken to insure the safety of the garri-

son. In the month of July, the Spaniards formed a
camp on the plain below St Iloqiie, which was daily

reinforced witli additional regiments of cavalry and in-

fantry ; and large parties were constantly employed in
landing ordnance and military stores at Point Mala.
The garrison, in tlie mean time, were not less active.

The works at Willis's were put in the best repair, and
new batteries erected on the heights of the north front.

A new battery was also begun in the navy-yard, as a
resource, in case the enemy's operations should make it

necessary to lay up the ships. In the month of August,
the enemy wei e enabled to enforce a strict blockade

;

their army was now in force before the place ; their

squadron under Admiral Barcelo, who commanded in
the Bay, could prevent succours from being thrown in

by neutral vessels ; whilst their grand Heet, united with
that of France, would be superior to any which Great
Britain could equip. The plan, therefore, seemed to
be, to reduce Gibraltar by famine ; and the place, in-

deed, might have been in imminent danger, had not
the garrison fortunately received a supply of provisions,
&c. in the preceding month of April. On the 27tli, a
fascine-work was observed to be begun upon the glacis
north of Fort St Philip, which afterwards proved to be
a mortar-battery. The enemy's camp was now consi-
derably increased. It consisted of two lines, (indepen-
dent of the Catalonians, w ho were separately encamp-
ed,) extending from Point Mala in ah obliijue direction
into the country, towards the Queen of Spain's Chair.
In the beginning of September, their workmen in the
lines were busily employed in filling up with 8and the

nortk part of the ditch of Fort St Philip, completing the

mortar-battery before mentioned, and raising the crest

of the glacis of their lines in different places. From the

noise often heard during the night, and the number of

lights seen, it was conjectured that they worked with-

out intermission. These operations of the enemy now
began to engage the attention of the garrison ; and the

governor did not think it prudent to allow them to pro-

ceed any longer with impunity. A council of war was
accordingly summoned on the 1 1th, to confer upon the

measures proper to be pursued ; and on the morning of

the 12th, the artillery officers were ordered to the bat-

teries on the heights, the Devil's-tower guard was with-

drawn, and the governor opened on the enemy from
Green's lodge, (a battery constructed since the blockade

commenced, ) Willis's and Queen Charlotte's batteries.

This fire disconcerted the enemy ; their advanced guards
were in a short time compelled to retire, the workmen
assembled in the lines were obliged to disperse, and the

cavalry galloped off towards the camp. For some hour*
afterwards, scarcely was there an individual to be seen

within the range of the guns of the garrison. The firing

was continued on the subsequent days, as circumstances

directed. The enemy, however, appeared to bear our
fire very patiently iir their lines ; their parties continued

working on the mortar-batteries, and a Loyau, or cover-

ed-way, was begun, to make a safe communication from
the lines to their camp. In the beginning of October,

the enemy's army, according to the intelligence received

by the garrison, consisted of sixteen battalions of in-

fantry, and twelve squadrons of horse; which, if the

regiments were complete, would amount to about 14,000
men. The whole were under the command of Lieut.

Gen. Don Martin Alvarez de Sota Mayor.
The great command which the garrison had over the

enemy's operations from the Green's lodge battery, in-

duced the engineers to mount still higher, and endea-

vour to erect a battery on the summit of the northern

fi'ont. A place was, therefore, levelled, and a road for

wheeled carriages begun at Middle-hill. On the 12th

of October, the platform on the summit ofthe rock was
completed; and the gun being mounted, the enemy's
forts were, on the following day, saluted with a few
rounds of shot and shells. This gun was mounted on
a traversing carriage, and was distinguished by the name
of the Rock-gun. On the evening of the 19th, the ene-

my's working parties were uncommonly busy ; and on
the following morning at day-break, the garrison were
surprised on observing 35 embrasures opened in their

lines, forming three batteries ; two of fourteen guns
each bore on our lines and Willis's, and one ofseven ap-

parently for the town and Waterport. They were cut

through the parapet of their glacis, and situated between
the barrier of the lines and Fort St Philip. The gover-

nor ordered the artillery to direct their fire on these

works, and on the seven-gnn battery in particular,

where the enemy had a party finishing what was left

imperfect in the night. Our workmen now became ex-

tremely diligent ; new communications and works were
raised in the lines ; and on the 27th, guns were carried

up, to be in readiness for a new battery to be erected

below the Rock-gun. Nothing remarkable occurred

during the months ofNovember and December. Both
parties were occupied in improving and augmenting
their works. The garrison, however, now began to be
greatly distressed for want of provisions ; not only

bread, but every article necessary to the support of life,

was procured with difficulty, and only to be purchased

at exorbitant prices. This distress was considerably re-
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lievctl in the month of January, wlien Sir George Rod-

ney arrived in the b.iy with a convoy, after having de-

feated the Spnnish floet under Langara. At the same

time, the garrison was reinforce*! by the second batta-

lion of the 7.'id re;;iment. After the departure of Sir

George liodney with tlio fleet, in the month of Febru-

ary 17{<0, the Spaniards resumed the bUickade with the

same vigilance as before No oilier event of import-

ance occurred until the month of June, when the ene-

my made an unsuccessful attempt to destroy our ves-

sels in the bay by means of fire-ships, wliich was defeat-

ed by the skill antl intrepidity of the seamen. This at-

tempt, however, induced the governor to direct parti-

cular attention towards that quarter of the garrison.

Batteries for heavy metal were made on tlie rock above

Parson's lo<lge, at Rosia ; and orders were given to clear

the new mole of shipping, that the ordnance might have

more liberty to play. On the morning of the 1st of

October, it was observed that the enemy had raised an

epaukmenl, about six or seven htmdred yards in advance

of their lines. It was about thirty yards in extent, and
was erected near the windmill, or tower, on the neu-

tral ground, about 1 100 yards disUmt from our grand
battery. The garrison were at a loss to conceive what
could induce the enemy to act in a manner so contrary

to the usual mode of approaching a besieged place, by
erecting a work so distant, and which had no connec-

tion with their established lines. But it now appeared

evident, that they had determined on a more serious at-

tack, in case the second blockade should prove unsuc-

cessful. On the night of the 21st, the enemy threw

sand in the front of their cp.iulement, to cover it from

our fire ; and on the 26th, they lengthened it to the

west about thirty yards. The night of the 28th, they

erected two large traverses in the rear for magazines.

From the compact appearance of this new work, which
\vas distinguished by the name of the Mill battery, the

garrison concluded that it was intendetl for a mortar

battery. On the night of the 17th of November, two
places d'annes for musketry were thrown up on the

flimks of the Mill battery ; the parapets formed semi-

circles adjoining tlie battery, but afterwards extended, in

an oblique direction, towards the lines. On the night

of the 23d, the enemy began an approach from the lines

to this battery, which they completed during tlie month
of December. On the 12th of April 1781, the garri-

son, who for some time had been greatly in want of
provisions and necessaries, was relieved by the arrival

of the fleet under Admiral Darby. As soon as the van
of the convoy had come to an anchor off the new mole
and Ilosia bay, the enemy opened a smart fire from iill

the batteries which bore upon the garrison. The fire

was returned by the latter ; and the bombardment was
continued during the 13th and 14th. On the 15th and
following days, it was continued with greater vivacity

on the part of the enemy ; but the batteries of the gar-

rison discontinued their fire, and the guns at Willis's

were drawn behind the merlons, to secure them against

the enemy's shot. On the 16th, 18th, and 19tn, the
enemy's gun-boats attacked the shipping in the bay ;

but were obliged to retire, after doing some mischief.

At this time, the batteries at Willis's exhibited a very
disorderly and ruinous appearance ; the merlons were
considerably damaged, and some of the cannon dis-

mounted and injured. The engineers and workmen
•were therefore employed in repairing them. The re-

mainder of the month of April was remarkable for «x-
cessive rains, attended with most dreadful thunder and
lightning, which, in addition to the fire from the ene-

my, had an awful and tremendous effect during the
night. The bombardment continued warm and well

supported, but apparently without any particular ob-

ject on the jiart of the besiegers. In the month of
May, their fire became more regular, and amounted,
upon an average, to 1500 rounds in the twenty-four
hours. Their cannonade was directed, principally a-

gainst our upper batteries. On the 23<1, the gun and
mortar boats rcnewetl their attack u])on the camp, with
more dreadful effect than upon any former occasion

;

seven individuals within the garrison were killed, and
twelve or thirteen wounded. The boats continued to

repeat their vexatious visits during the month of June,
and kept the garrison in a constant state of alarm, as

experience had proved their destructive effects. 'I'he

governor, therefore, resolved to retaliate, by endeavour-
ing to annoy the enemy's camp from the old mole head,
and this experiment was found to succeed. At the same
time, some brigs were ordered to be cut down and con-
verted into prames, which were to be moored between
the new mole and Ragged Staff, at such a distance from
the works as to be easily protected, and yet far enough
out to keep their boats at a respectful distance.

In the month of November, the besiegers had ad-

vanced so far in completing their wppronches, and their

batteries exhibited so perfect and formidable an appear-
ance, that the governor thought the time was now
come to strike a blow, which should frustrate all their

views, by destroying these stupendous works, which,
had cost them such immense labour and expence. Ha-
ving procured the necessary information from desert-

ers, this important design, which had not been pre-
viously communicated to the garrison, was put in exe-
cution on the night of the 26th. A strong detachment
was formed into thi-ee columns, and tools for demolish-
ing the works delivered to the workmen. The desti-

nation of the columns having been made known to the
different officers, and the necessary orders given, the

detachment began its march, about a quarter before

three in the morning of the 27th. The enemy, thus
taken by surprise, and assailed with irresi:-tible ardour,

gave way on every side, and precipitately abandoned
the works. The business was completed by the exer
tions of the workmen and artillery. The batteries were
soon in a state for the fire-faggots to operate ; and the

flames spread with astonishing rapidity. In the course

of an hour, the object of the sortie was fully effected

;

and trains having been laid to the magazines, tlie'

troops were drawn off. Not the smallest effort was
made by the enemy to save their works, or avenge
tJieir destruction. Scarcely had the rear of the detach-

ment got within the garrison, when the principal ma-
gazine blew up with a tremendous explosion ; throwing
up vast pieces of timber, which, falling into the flames,

added to the general conflagration. This important

object was accomplished with little loss on the part of

the garrison. For some time the enemy did not think

proper to take any measures towards extinguishing the

flames; on the 30th thbir batteries continued burning
in five different places ; and when they ceased to smoke,
the works seemed to be completely destroyed, nothing
but heaps of sand remaining. In the beginning of

December, they seemed as if suddenly roused from their

reverie ; upwards of a thousand men were at work,
making fascines, &c. From these operations the gar-

rison concluded that they were resolved to restore their

works, when sufficient materials were prepared. For
some months the enemy continued to repair their

works, but apparently only for defence. In the month
3
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of May 1782, it was discovered that the besiegers had

a new plan of operations in view. On the Hth several

of the large ships at Algeziras struck their yards and

top-masts, and a great number of men appeared on

board them; which circumstances led to the belief,

that they were intended to be fitted up as Jloating bat-

teries, for a grand attack to be made upon the garrison

from the sea ; and this opinion was confirmed in the

afternoon, by their beginning to cut down the poops of

two of them. The garrison, on the other hand, made
various dispositions to repel this meditated attack. The
works at Waterport were strengthened ; an additional

number of grates for heating shot were distributed

along the line-wall ; and the navy lowered their yards

and top-masts, to be in readiness to act on shore at a

moment's notice. In the month of June, the army of

the besiegers was reinforced by a strong body of

French troops ; and the Duke de Crillon assumed the

command of the whole. The Duke had recently re-

turned from the conquest of Fort St Philip, in Minor-

ca, and brought with him M. d'Ar^on, a famous French

engineer, who had projected the plan of attacking Gib-

raltar with battering-ships, constructed upon such prin-

ciples, that they were considered as equally impregna-

ble and incombustible. In the beginning of August,

the enemy completed the first parallel of their ap-

proaches. On the 15th the Count d'Artois arrived in

the camp of tlie combined army, to serve as a voluntew
at the siege.

The enemy's works, on the land 3ide,-were now rapid-

ly advancing to perfection ; but being still in an unfi-

nished state, and not sufficiently protected, it was
judged proper to make another attempt to destroy them.

Lieut. Gen Boyd, the lieutenant governor, recommend-
ed the immediate use of red-hot shot against the land-

batteries ; and General Elliott acquiesced in the propo-
sal. Accordingly, on the morning of the 8th of Sep-
tember, a brisk fire was opened from all the northern

batteries which bore upon the western part of the pa-

rallel, and was supported through the day with great

vivacity. The effect of the red-hot shot and carcasses

exceeded the most sanguine expectations. In a few
hours, the Mahon battery, with the two-gun battery on
its flank, and great part of the adjoining parallel, were
on fire; and the flames, notwithstanding the enemy's
exertions to extinguish them, burnt so rapidly, that the
whole of their works were consumed before night. The
St Cai'los's and St Martin's batteries were likewise so

much deranged, that the enemy were <*liged to take
down the greater part.

On the 12th, the combined fleets of France and Spain
arrived in the Bay from the westward ; and every thing
now seemed to indicate the approach of the grand at-

tack. The garrison of Gibraltar, at this time, scarcely
consisted of more than 7000 effective men. "The accu-
mulated forces of the besiegers, on the other hand, as-

sumed the most formidable and imposing attitude.

There were assembled in the bay 47 sail of the line

;

ten battering ships, deemed perfect in design, and es-
teemed invincible, carrying 212 guns; innumerable fri-

gates, xebeques, bomb-ketches, cutters, gun and mortar
boats, and smaller craft, for disembarking men. On the
land side were most stupendous batteriee and works,
mounting 200 pieces of heavy ordnance, and protected
by an army of nearly 40,000 men, commanded by a
victorious and active general, and animated by the nn-
raediate presence of two princes of the royal blood of
France. About seven o'clock in the morning of the
13th, the battering-shjps got under way, wid stood to the

•outhward, to clear the men of war ; then nore to the
north, and a little past nine, bore down in admirable
order for their several stations, taking their places suc-
cessively to the right and left of the admiral, who was
moored in a two-decker about 900 yards off the King's
bastion. They were permitted to chuse their distance
without molestation ; but as soon as the first ship drop-
ped her anchors, the fire from the garrison commenced.
The cannonade then became tremendous ; which may
be easily conceived, when it is considered that 400 pie-
ces of the heaviest artillery were playing at the same
moment. While the battering-ships attacked the garri-
son from the sea, the besieged were at the same time
warmly annoyed by the flanking and reverse fire of the
enemy's land-batteries on the isthmus. The latter,

however, they totally disregarded, directing their undi-
vided attention to the battering-ships. For some hours,
the attack and defence were so equally well supported,
as scarcely to exhibit any appearance of superiority on
either side. The red-hot shot began to be used about
twelve o'clock, but did not become general till between
one and two. Incessant showers of hot balls, carcasses,
and shells of every species, were now poured upon the
enemy from all quarters ; and as the masts of several of
the ships were shot away, and the rigging of all in
great disorder, the garrison began to entertain hopes
of a speedy and favourable result. Smoke was obser-
ved to issue from the upper part of the flag-ship, which
seemed to increase, notwithstanding the constant appli-
cation of water ; and the admiral's second was percei-
ved to be in the same condition. Confusion was now
apparent on board several of the vessels ; in the course
of the evening their cannonade gradually abated, and
about seven or eight, it almost totally ceased. As the
evening advanced, signals of distress were made to their

friends on shore, and several boats were seen to row
round the disabled ships. At this period, our artillery

caused dreadful havoc among them. A little before
midnight, a wreck floated in, upon which were 12 men,
who alone escaped, out of threescore who were on
board their launch. About an hour after midnight, one
of the battering ships was completely in flames ; and by
two o'clock, she appeared as one continued blaze from
stem to stem. Another to the southward was also on
fire ; and between three and four o'clock, other six in-

dicated the efficacy of red-hot shot. The sea now pre-
sented a spectacle of horror ; men crying from amidst
the flames for pity and assistance; others, on board
those ships where the fire had made little progress, im-
ploring relief with the most expressive gestures and
signs of despair ; while several, equally exposed to the
dangers of the opposite clement, trusted themselves on
various pieces of the wreck, in hopes of reaching the

shore. Brigadier Curtis, with the marine brigade, hu-
manely exerted himself in endeavouring to save as many
as possible of these wretches ; and he succeeded in

bringing off about 350, many of whom were severely,

and some of them dreadfully wounded. Meanwhile the

flames reached the magazine of one of the battering-

ships to the northward, which blew up about five o'clock

with a terrible explosion. In a quarter of an hour af-

terwards, another in the centre of the line met with a
similar fate. Of all these formidable floating-batteries,

upon which the enemy had rested their most confident

hopes of success, not one escaped destruction ; and on
the 14th of September, the patient and intrepid garri-

son had the satisfaction of contemplating one of the

most signal and complete defensive victories on re-

cord.
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Thc rcmaiiulcr of tlii» celebrated !ii<»g« presents few
incidents of moment. Al>out tlie middle of October,

the giirrisoii was relieved by Lord Howe, in the face

of the greatly superior coiiil)incd fleets of France and
'

.Spain. Jn the bcjj;inninjjj of the month of February

J "83, intellipenee arrived of the signature of the preli-

minaries of a general peace ; and thus tcrminate<l an
enterprise, upon which the resources of France and Spain

were luvi,<hly but fruitles.-Jy expended; an enterprise

towards which the eyes of all Europe liad long been di-

rected in anxious expectation; and wliich, in its glorious

result, threw additional lustre on the military character

of Great Britain.'

Since the periml of this memorable siege, no serious

attempt has been made upon Gibraltar ; nor is it likely,

considering the greatly improved state of the defensive

works, that any I'uture attack will be attended with the

slightest probabilitj' of success.

In an account of Gibraltar, a brief description of the

town and fortificati<Hi» will be thought necessarj-. The
town is situated at the foot of the north-west face of the

hill, and is in'egularly fortified. It communicates with
the isthmus by a long naiTow causeway, (serving as a
dam to an inundation,) which is defended by a curtain,

with two bastions, mounting 26 pieces ofcannon, a dry
ditch, covered way, and glacis, well mined. These are

.strongly flanked by the King's, Q\ieen's, and l*rince's

lines ; works cut in the rock with immense labour, and
.scarped to be almost inaccessible. Above the lines are

the batteries at Willis's, and others at different heights,

until they crown the summit of the rock. These ele-

•» ated batteries mount between SO and O'O pieces of hea-

vy ordnance, and entirely command the isthmus below.

The Old mole, to the west of the Grand battery, forms
iUso a very formidable flank, and with the lines, a cross

fire on the causeway and neutral ground. This battery

lias been found so great an annoyance to the besiegers,

that, by way of distinction, it has long been known by
the appellation of the Devil's tongue. From the Grand
battery, along the sea line, looking towards the bay,

the town is defended by the North, Montague's, Prince
of Orange's, King's, and South bastions. King's bastion

is a very complete piece of fortification, commanding the

liay from New to Old mole heads. It mounts twelve
C>2 pounders, and four ten-inch howitzers in front, ten

guns and howitzers on its flanks, and has casemates for

SOO men, with kitchens and ovens for cooking. Mon-
tague's is much smaller, mounting only 12 pieces of
cannon, with a casemate for 200 men, commnniciting
with the Old mole. In 1782, a cavalier, for two gmis,
was erected upon this bastion ; and another work of a
himilar nature, for five guns, on the north bastion of the
(irand battery. From the south li.nstion a curtain ex-

tends up the face of the hill, and terminates, at an in-

.•iccessible precipice, the works of the town. In this

curtain is the .south-port gate, before which and the
south bastion is a dry ditch, with a covered-way and
alaris. At the east end, above the gate, is a large flat

iiastion, connected with the curtain, and mounting l.'J

gims, bearing on the bay, &c. This M'ork is cohered
by a demi-bastion, that joins the precipice. Above the
|)recipice, an old Moorish wall is continued to the ridge
of the rock ; in the front of which a curtain with loop-
holes and redans, built in the reign of Charles V. and
called after his name, extends to the top, ef?ectu.illy cut-
ting off all communication in that quarter. From the
south bastion, a line-wall is continued along the beach
to the New mole, where there is an irregular fort,

mounting 26 guns. This line-wall is divided by a small
VOL. X. P.\RT I.

baslion of eight guns, with a retired work in the rear, Gibrnlfar.

called the Prince of Wales's lines. Ne:ir the south bastion '""~V™^
is a quay or wharf, called I{agged .Staff, where the supplies

for the garrison are usually landed, 'i'he communication
to it is by spiral wooden stairs, and a draw-bridge open-
ing into the covert-way; in fWmt of which is a small
work of masonry, mounting two guns. At the New
mole head is a circular battery for heavy metal, joined
to the mole fort by a strong wall, fraiscd ; having a
lianquet for musketry, with two embrasures opening
towards the b.iy. I'rom the New mole fort to the north
end of Hosia bay, a parapet is continued, and batterie.'

erected, as situations dictate. The works at Ilosia are
strong, and act as flanks to each other ; they are close

along the beach, which is low, and have a retired bat-

tery of eight guns in the rear. From the soirth point

of Rosia bay, the rock continues to ascend, by Parson';-

Lodge, to Camjj-guard, and Buena Vista. In this di-

rection, a line-wall is raised, with cannon at different

distances. At Buena Vista there are several guns en

barbel, which have great command ; and the hill to-

wards Europa, is slightly fortified. The rock then de<-

scends, by the Devil's l$owling-green, to Little Bay.
At this post, wbicli is entirely surrounded with preci-

pices, there is a barbet battery, flanking the works to

the New mole ; from thence the rock continues steep

for a considerable distance, when the line-wall and bat-

teries recommence, and extend irregularly to Europa
Point, the southern extremity of the garrison. A few
batteries at Europa advance, and a post at the Cave-
guard, terminate the works. But this part of the gar-

rison is gre.<tt]y sti^engthened, by the retired and inacces-

sible lines of Windmill-hill, which are situated within

musket-shot of the sea, and have great command in

that quarter.

Considerable alterations have taken place in the town Alterations

and fortifications, since the celebrated siege. The town, ^^ '""

indeed, was entirely destroyed at that periotl by the
^™J/J5Jg"**

enemy's fire ; but it has been since completely rebuilt,
gj^gg,

.ind greatly enlarged. The actual number of inhabi-

tants, exclusive of the military, amounts to about 12,000.

The British settlers constitute but a small proportion of
this population, which is principally composed of Jews,
fjenoese, Spaniards, and Moors. 'Fhe strength of the

garrison generally consists of five regiments of infantry,

six companies of artillery, and two comj)anies of mili-

tary artificers ; in all about 4500 men. The fortifica-

tions have recently undergone groat improvements.

1"he VVaterport front has been entirely rebuilt, and
greatly strengthened, and c.aiTicd farther out into the

bay. The inimdation at Landport has been carried

close into the body of the rock by two deep ditches,

so as to render the approach to the garrison from the

land side completely inaccessible, except by tho narrow
causeway between the bay and the inundation. The
upper batteries at Willis's have been entirely rebuilt and
greatly improved, and a new magazine erected tljere.

Extensive subterraneous giillcries have beern cut in the

rock, witii numerous embrasures in them, beiuing on
the isthmus and the causeway leading to the garrison.

These batteries present a most formidable flanking fire^

which it would never be in the power of a besieging

army to silence. A new line of defence has also been

erected at Europa Point, at the southern part of the

rock, to guard against any attempts of an enemy tA

land in that direction. At Rosia Bay, immense naval

storehouses have been built ; and a tank has been sunk

there, which is capable of containing water sufficient

for twenty sail of the line for six months. A new pier

2 M
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Cibraltar. is also in the course of being erected there, extending

^•"V"^ nearly three huntired yards into the sea ; which, when
completed, will afford perfect shelter to four sail of the

line, besides double that number of transports. The
Spanisii lines and forts, erected on the neutral ground,

about a mile from the garrison, and which afforded

great advantages to a besieging army, were blown up

and completely destroyed by the British, on the 14th

of Feliruary 1810, on the approach of a French force

towards that quarter. The guns and stores were pre-

viously brought into Gibraltar. It is to be hoped that

the British government will never consent to the resto-

ration of these works.

Among the most remarkable buildings at Gibraltar,

the remains of the old Moorish castle are the most con-

spicuous. It was erected by the Moors on their first

Remarkable invasion of Spain, and still retains the traces of its

buildings, former magnificence. This antique structure is situa-

ted on the nortli-west side of the liill, and originally con-

sisted of a triple wall, the outer inclosure descending

to the water's edge ; but the lower parts have been long

since removed, and the grand battery and Waterport

erected on their ruins. The walls, at present standing,

form an oblong square, at the upper angle of which is

the principal tower, where the governor or alcaide re-

sided. A Moorish mosque still exists within the walls,

in a state of entire preservation, having been used as

one of the grand powder-magazines during the siege
;

and there is also a neat Morisque court, and a reser-

voir fur water. The otiier principal buildings are the

Convent, or governor's quarters ; the lieutenant-gover-

nor's house, a modern structure; * the admiralty house,

or naval provision store-house, t formerly a monastery

of white friars ; the soldiers' barracks, victualling-

office, store-house, south barracks, and the navy hos-

pital.

The principal mass of the mountain of Gibraltar,

consists of a grey, dense, calcareous rock, by minera-
logists called primary marble ; the different beds or
strata of which may be examined, with great accuracy,
in the north front, where there is a complete vertical

section, of upwards of 1300 feet of the rock. The
strata are from 20 to 50 feet in thickness, running near-

ly from east to west, and having a dip in that direc-

tion at an angle of about S5 degrees. This species of
rock, when it occupies large districts, is always found

<lsL\ts. to be cavernous. At Gibraltar, the caves are many,
and some of great extent. The most remarkable is St
Michael's cave, situated upon the southern part of the
mountain, about 1000 feet above the level of the sea.

The mouth is only five feet wide ; but on descending
a slope of earth, it widens considerably, leading to a
spacious hall, incrusted with spar, and apparently sup-
ported in the centre by a large massy stalactitical pil-

lar. To this succeeds a long series of caves of diffi-

Ifosjilboncs. cult access. The fossil bones which are found, of va-
rious sizes, in the rock of Gibraltar, have frequently
attracted the attention of naturalists. It was formerly
supposed that these bones existed in a petrified state,

and were enclosed in the solid calcareous rock ; but
Colonel Imrie, who examined them with great atten-
tion, is of opinion that they have been swept, by heavy
rains, at different periods, into the situations where
they are now found, and having remained, for a long
series of years, exposed to the permeating action of
water, have become enveloped in, and cemented by,
the calcareous matter which it deposits. And in con-

firmation of this opinion, he observes, that the appear- Gibtaltw.

ance of these bones indicates calcination rather than ^—
"v'-'w

petrifaction.
"

The climate of Gibraltar is temperate and salubrious. Climate.

Mincralogi-

eal struc-

ture of the

mountsia.

during the greater part of the year. From the circum
stance of its being surrounded on three sides by the

sea, the summers are generally cooler, and the winters

milder, than on either of the neighbouring continents.

Snow falls seldom, and ice is a rarity. Violent showers
of hail, however, are not uncommon during the win-
ter. Heavy rains, high winds, and most tremendous
thunder, with dreadfully vivid lightning, are the usual

attendants on December and January. The summer
months are extremely warm ; but the heat is frequent-

ly alleviated by a constant refreshing westerly breeze
from the sea, which, from its invigorating and agree-

able coolness, is emphatically called the Doctor. Du-
ring an easterly wind, or a Livanlcr as it is called,

the top of the rock is commonly covered with a heavy
dense vapour, through which the sun is seldom visible.

At such periods, tlie effects of the climate are peculiar-

ly severe upon persons of delicate constitutions, parti-

cularly such as are subject to pulmonary or rheumatic
complaints. Consumptions generally prove fatal.

The summit of the mountain is inhabited by a large Anmials.

species of ape ; an animal not to be found in any other

part of Spain, and which is therefore thought to have
been originallj' imported from Barbary by the Moors.
Red-legged partridges are often found in coveys; wood-
cocks and teal are sometimes, though rarely, seen ; and
wild rabbits are caught about Europa and Windmill hill.

Musquitoes are exceedingly troublesome towards the

close of summer; and locusts are sometimes found. The
scorpion, centipede, and other venomous reptiles, abound
amongst the rocks and old buildings ; and the harmless

green lizard and snake are frequently caught by the

soldiers, who draw their teeth, and treat them with

fondness. The mountain of Gibraltar presents an in- Botani»

teresting field to the botanist ; as it connects, in some producUi

measure, the Flora of Africa with that of Europe. Co-

lonel James, in his elaborate history of Gibraltar,

enumerates no less than 300 different herbs, which are

to be found on various parts of the rock

The trade of Gibr.altar is very considerable ; that port Trade u

being the great depot from which the neighbouring icTenue.

countries are supplied with British manufactures. Du-
ring the last war, between four and five thousand square

rigged vessels arrived there upon an average yearly.

The imports from Great Britain, in some years, exceed-

ed three millions sterling, being more than the whole
|

of the exports to the West Indies. The expences of
i

Sicily and Malta, and the money for the pay and main- |

tenance of the British army in Spain and Portugal,

were chiefly defrayed by bills drawn on the British

government, and discounted by the merchants at Gib- . ,

raltar ; to the amount, it is believed, in some years, of
|

11 millions of dollars annually. The public revenues
| .

arise from the ground- rent of houses, the duties on wine i

and spirits sold in taverns, the licence-duties on wine-

houses and taverns, and the auction duties; amounting,

altogether, to about £35,000 sterling per annum.
See Colonel James's History of the Herculean Straits; Author»(

Colonel Drinkwater's History 0^ the Siege of Gibraltar

;

Annual Register, vol. xxv. for 1782; Colonel Imrie's

Aliiieralo^ical Description of Gibraltar, in the ^th vo-

lume of the Transactions of the Royal Society of Ediii'

burgh.—For the information relative to the present

• "This building was destroyed during the siege, and is still in ruins, having never been rebuilt.

7 It has been since sold, and the provisions removed to lUe new stores at Bosia.

Ifi
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state of Gibraltar, tlie writer of thi« article is indebted

to the liberality of Colonel Wright, Cotnmnndant of

the Artillery at Leith Fort, whose professional talents,

and opportunities of observation, (luring a long resi-

dence in the gRrrison, render his communications on

this subject peculiarly valuable, (z)

GILBERT, or Gilbehd, William, an eminent phi-

losopher and physician, was bom at Colchester, in the

year \5iO, and was the son of the recorder of that

town. After having attended the two English univer-

sities, he set out upon his travels, and graduated at

some of the foreign universities. Upon his return to

England, he settled in London in 1573, was admitted

a member of the College of Physicians, and practised

medicine with great success and reputation. His fame

became so great, that he was appointed first physician

to Queen Elizabetli, who generously allowed him a

pension for the purpose of carrying on his philosophi-

cal experiments. He retained his pension and his of-

fice after the accession of .Tames L but he did not long

enjoy the patronage of the new sovereign. He died

on the 20th November 1 603, in the 63d year of his

age, and was interred at Colchester, where a handsome
monument was erected to his memory by his brothers.

His library, minerals, globes, and mathematical in-

struments, were left to the College of Physicians. His
picture h placed in the gallery oyer the schools at Ox-
ford. He appears to have been a man of tall stature,

and cheerful disposition.

The reputation of Gilbert is founded on his work
entitled, JJe Magnete, magnelicisque corporibus, ct de

Magna Magnete Tellure, Physiologia novo, plurimis ct

argiimenlis el experimenlis demonstrata. It appeared
in London in loOO, in folio, and was afterwards re-

printed in Germany. The following analysis of this

admirable work has been given by our countryman, Dr
Robison, and is too valuable to admit of abridgment.
" In the introduction, he recounts all the knowledge

of the ancients on the subject, and their supine inat-

tention to what was so entirely in their hands, and the

impossibility ofever adding to the stock of useful know-
ledge, so long as men imagined themselves to be phi-

losophising, while they were only repeating a few cant
words, and the unmeaning phrases of the Aristotelian

school. It is curious to remark the almost perfect

sameness of Dr Gilbert's sentiments and language with
those of Lord Bacon. They both charge, in a peremp-
tory manner, all those who pretend to inform others, to

give over their dialectic labours, which are nothing but
ringing changes on a few trite truths, and many un-
founded conjectures, and immediately to betake them-
selves to experiment. He has pursued this method on
the subject of magnetism, with wonderful ardour, and
with equal genius and success ; for Dr Gilbert was pos-
sessed both of great ingenuity, and a mind fitted for

general views of things. The work contains a prwli-
gious number and variety of observations and experi-
ments, collected with sagacity from the writings of
others, and instituted by himself with considerable ex-
pence and labour. It would indeed be a miracle if all

Dr Gilbert's general inferences were just, or all his ex-
periments accurate. It was untrodden ground. But,
on the whole, this performance contains more real in-
formation, than any writing of the age in which he
lived, and is scarcely exceeded by any that has appear-
ed since. We may hold it with justice as the first

fruits of the Baconian or experimental philosophy.
Tl.;« w«vi, ^f Dr Gilbert's relates chiefly to theTlxis work of

loadstone, and what we call magnets ; that is, pieces of GilbcH,

steel which have acquired properties similar to those of Gilding,

the loadstone. But he extends the term magnelivn, and "^ <~~^

the epithet magnetic, to all iMxlies which are affected by
lo.idstones and magnets, in a manner similar to that in

which they affect each other. In the course of his in-

vestigation, indeed, he finds that these bodies are only
such as contain iron in some state or other ; and in

proving this limit'ition, he mentions a great variety of
phenomena which have a considerable resemblance to

those which he allows to be magnetical, namely, those
which he called electrical, because they were prcnluced

in the same way that amber is made to attract and repel

light bodies. He marks, with care, the distinctions

between these and the characteristic phenomena of
magnets. He seems to have known, that all bodies may
be rendered electrical, while ferrugineous substances

alone can be made magnetical. It is not saying too

much of this work of Dr Gilbert's, to affirm, that it

contains almost every thing that we know about mag-
netism. His unwearied diligence in searching every

writing on the subject, and in getting information from
navigators, and his incessant occupation in experiments,

have left very few facts unknown to him. We meet
with many things in the writings of posterior enquirers,

some of them of high reputation, and of the j)resent

day, which are published and received as notable dis-

coveries, but are contained in the rich collection of Dr
Gilbert. We by no means ascribe all this to mean pla-

giarism, although we know traders in experimental

knowledge who are not free from this charge. We
ascribe it to the general indolence of mankind, who
do not take the trouble of consulting originals, where
things are mixed with others which tliey do not want,

or treated in a way, and with a painful minuteness,

which are no longer in fashion.

Dr Gilbert's book, although one of those which
does the highest honour to our country, is less known
in Britain than on the continent. Indeed, we know
but of two British editions of it, which are both in La-
tin ; and we have seen five editions published in Ger-
many and Holland, before 1628.

We earnestly recommend it to the perusal of the

curious reader. He will, (besides tlie philosophy), find

more facts in it than in the two large folios of Sea-

rella." *

Besides this work, there appeared a posthumous pub-
lication of Gilbert's, entitled, De Mundo nostra sub-

lunari Philosophia nova, Amst. 1651, 4to. It was print-

ed from two MSS. in the library of Sir William Bos-

well, and consists of an attempt to establish a new sys-

tem of natural philosophy upon the ruins of the Aris-

totelian system. It was edited by the learned Gruter.

Dr Gilbert invented two very ingenious instniments

for ascertaining the latitudes of places without the aid

of celestial observations. See Maonetism.
GILDING, is the art of ornamenting various articles,

by covering them with a superficial coat of gold, to

obtain- the brilliant appearance of that valuable metal.

For some purposes the appearance is not the only
object ; for, in situations where Wo«l or metal work is

much exposed to the weather, gilding forms a more
durable protection from decay than any kind of paint

or varnish, as the gold, if well put on, is equally im-
penetrable to the sun, rain, wind, or frost.

Gilding is an art with which the ancients were ac- Ancient
quainted, although they had not discovered the means gilding.

of extending the leaves of gold to such a surprising de-

See Robison'a 5^<teni of Mechanical Phitotophy, »ol. i». Art. Maoketkm.
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Gilding.

Superficies

of a grain

of gold leaf.

gree as is done at present. From the information of

Fliny we learn, that their thickest leaves were called

liraclew pra-iicsliiiw, becjiuse a statue of Fortune at Pra;-

nestina was gilded tiierewith. An ounce of gold

formed 750 of these leaves, each being 4 fingers or 3

inches square : this is 9 square inches in each leaf, or

47 square feet very nearly for the whole ounce. The
Ilomans employed thinner leaves, which tliey called

biaclew ijuestorice. From the great malleability of gold,

the mjxlerns liave discovered means by which it can

be reduced to such extremely thin leaves, that, not-

withstanding its high specific gravity, a given weight

of gold can be made to cover a gi'eater surface than any
other metal. An experiment by M. Reaumur shewetl

the superficies of a grain ti'oy weight of gold leaf to be

42 square inches and three-tenths. This is at the rate

of I'il square feet per ounce, and the tliickness of such

leaf has been estimated at the pth part of an

Three kind:

of gUding.

By amal-

gam.

Its applica'

tions.

Proper mC'

tals for

wash gild-

ing.

inch. Mr Boyle found that a grain might be spread

to 50 square inches and seven-tenths. This gives 169
square feet for the ounce ; and, by the same mode of

estimation, the thickness would be only the ^^^'pj-,d

part of an inch. Gold is not at all liable, like other

metals, to tarnish or oxidate by the action of the air or

dump ; and therefore this thin covering is very dura-

ble. It is not susceptible of any other decay or waste,

than from those causes which produce friction or abra-

sion of the gilded surface.

Gilding is performed either upon metals, or upon
wood, leather, parchment, or paper ; but three distinct

methods are employed ; the first called wash or water
gilding, in which the gold is spread whilst reduced to

a fluid state by solution in mercury ; 2d, Leaf gilding,

either burnished or in oil, is performed by cementing
thin leaves of gold upon the work, either by size or by
oil ; Sd, J.ipanners gilding, in which gold dust or pow-
der is used instead of leaves.

Wnsli or water gilding.—The method of gilding by a
solution of gold is only applied to metals. The gold is

first dissolved or reduced to the consistency of a semi-
fluid, by amalgamation with mercury. In this state,

by the assistance of an acid, it can be spread or washed
evenly upon every part of the surface of the article to

be gilded ; the mercury is afterwards evaporated by
heat, and leaves a covering of pure gold, the thick-

ness of which is inconceivably small, although forming
a most perfect surface. By this method, brass orna-
ments, watch-cases, buttons, and jewellery of all de-
scriptions, are made to represent gold. The latter

branch of the art is carried to such a high degree of
perfection, that the deception can only be detected by
the weight of the article, by cutting into it, or by some
chemical test.

A mixture of copper and brass is the metal most
commonly employed for this kind of gilding : pure cop-
per does not readily receive the mercury amalgamated
with the gold ; and, being of a soft and rather porous
nature, requires more gold to produce an equally bril-

liant covermg. About one-seventh part of brass, be-
ing mixed wiih the copper, renders it harder, and makes
the gold spread very readily : brass itself will receive
a very fine surface of giltUng. The endeavour of the
workman is, to make such a mixture of brass and cop-
pr as will produce nearly the same colour as the gild-
ing is intended to have ; for a great variety of shades
in the colour of the gold can be produced by a subse-
quent process, after it has been laid on ; but it requires
less trouble to give the gilding the same colour as the
metal which is beneath, than to make a different shade.

In effect', the gold adheres to tlie " metal by forming a Gildii^

very superficial amalgamation or alloy therewith ; hence **"'V^
the gold will partake of the colour of the metal. A se-

cond coat of gilding laid on will have a greater appear-

ance of pure gold, and will have a more durable bril- >^

liancy than an equal quantity of gold spread upon the

met:d at one process.

Silver takes a fine surface of gold, and of a yellow
colour, milcss it is gilt twice over, and coloured after,

wards.

Iron and steel will not take the amalgam, as the mer-
cury has no affinity for these metals.

j

Tin, zinc, lead, or other of the baser metals, are ne-
ver gilded by amalgam: they would deteriorate the

gold too much, nor would they bear a sufficient heat.

'To anialgamate the gold for wash gilding, a small Amiilgain i

quantity is put into a crucible, or an iron ladle, withabout "' S"''' "fj

six times its weight of mercury. The ladle or crucible ""^''^'"''J'-
j

should be rubbed on the inside with whitening, to pre-

vent any waste ; and being put upon a cliarcoal fire, and
gently heated, the mercury will soon dissolve the gold.

To assist the solution, it should be stirred with an iron

wire. The heat should not be sufficient to evaporate

tlie mercury, at least not until the solution of the gold i

is nearly effected ; the heat may then be increased for
j

a moment, till a vapour is seen to rise from the cruci-

ble. The amalgam being made, is thrown out into wa-
ter, where a small portion of mercury will be seen to

scjiarate itself. This contains very little if any gold

;

but the real amalgam foi-ms a small lump of paste, of
nearly the same consistence with butter ; but it will be
observed to have particles of mercury intermixed with
it. To remove these, the amalgam is twisted up in a

piece of fine wash leather, and gently pressed with thi;

finger and thumb : the mercury will pass through the

pores of the leather, and leave the amalgam fit for use.

In this state it is the colour of silver, witliout any ap-

pearance of gold, and does not contain more than

twice the weigiit of mercury to that of the gold. The
mercury which has passed through the leather, should

be reserved for making future amalgam, as it will pro-

bably contain a small proportion of the gold.

Some workmen vary this process by heating the gold

to redness, and heating the mercury to the point of

evapomtion ; then, throwing the hot gold into the mer-
cury, the amalgam is quickly effected. We do not

know any difference of effect which should give tlie

preference to either of these processes.

It is essential that both the gold and the mercury Material

should be pure. The mercury of commerce is almost should b

always adulteratetl with lead, which is very prejudicial P"''*

to the gilding. It should be separated by distilling the

mercury in an iron retort, with a gentle heat: this will

leave the lead in the retort ; or the mercury may be re-

vived from cinnabar in a very pure state. Nothing can

be gained by employing gohl of an inferior quality, as

it will always ret|uire a greater proportion to produce

the same covering, and tlie brilliancy will be much im-

paired.

It has been recommended to grind the amalgam on a

marble stone, or in a glass mortar, and to wash it con-

tinually with a solution of common salt in water. This

will carry away a blackish colour, occasioned by the

oxide of the mercury ; and tlie washing is to be conti-

nued till it ceases to colour the salt and water. We
liave never met with any artist who practises this wash-

ing ; for if the gold and mercury are pure, and the amal-

gam is riot overheated, so as to oxidate the mercury, it

will be unnecessary.

i
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Tlio first circtiinstnnce to be ntteudcd to in wash-
gUdiiif?, is to make the surface of llie metal porfect)y

Iree from all scurf, turiiiijli, or uxiclatiuii ; fbr the co-

vering of golil upon the metal unites therewitJi by a

kind of oinnlgmuation, and forms a superficial alloy,

Avhich would be discoloured by the smallest coat of tar-

nish.

The cleaning is performe<l by pickling the metiil, in

a solution of aquafortis and water : the strength of the

solution is immaterial, except witli respect to the time

that the metal must remain in it. A (]u.'uitity of acid,

equal to one-fourth of the water, will clean tlie metal
in a fe^y minutes ; but if weaker, is equally elfective in

a longer time: and if the article is accidentally left in

the pickle for a long time, it will not be injured. I'"or

cheap and coarse articles, a strong solution of sal nixon,

or sal ammoniac, is employed ; .ind to render it more
active, the metal is heated and plunged into it : this

raises a black or brown oxide over the whole surface. It

is then dipped in the pickle of aquafortis, which tlirows

oft' a slight scale from the surface, and rendci's tlie me-
tal clean at once ; and it is put into clean water, to pre-

vent the farther action of tlie acid from producing a
tarnish before the gilding is performed.

For the best work, the aquafortis pickle is used cold,

and tlic cleaniug is performed by the friction of a
scratch-brush, formed of fine brass wire instead of
hairs. The brush is sometimes made of a circular form,

:md mounted on a spindle, turned rapidly by the mo-
tion of a foot-wheel and treddle, in the manner of a
lathe, whilst the work is presented to the brush. But
for delicate work, such as the wheels and other parts of
watches, a very delicate hand brush is used ; and here
it must be noted, that when the steel arbors of the

wheels, or any other part of steel, are attached to the

work, it must not be dipped into the pickle, but the

pickle should be made stronger, and oidy the scratch,

brush dipped into it, before the work is brushed with
it. The steel must be frecjuently dipped into clear

water during the brushing, to prevent the action of any
acid which may touch it.

To spread the amalgam perfectly upon the surface of

the article which is to be gilt, an acid, called tlie quick-
ening, is used. This is made of aquafortis, (nitrous acid)

with a small quantity of mercury dissolved in it, so as

to give it a milky whiteness. The article being dipped
into this, attracts a coat of the solution of mercury, over
the whole surface, in an instant ; and with this prepa-
ration, the amalgam is applied with the pencil. This is

a piece of flattened copper wire, fixe<l in a handle : it is

occasionally dipped into the quickening, tiien touching
the amalgam witli it, it will take up a small quantity,

which is rubbed upon the work, and spreads or flows

in an instant over all the parts which have been touch-
ed by the quickening. The action of the quickening
.-ippears to arise from tlie greater affinity of the nitrous
acid for copper than for the mercury ; in consequence of
which, the acitl takes to the copper the instant it is ap-
plied upon it, and leaves the mercury precipitated
upon the surface. This coating of mercury facilitates

the spreading of the amalgam when it is applied, al-

though it may be spread without it, by merely dipping
the pencil into the aquafortis, then into the amalgam,
and afterwaixls applying it upon the surface of the
work. This is the method employed for delicate works,
|>Articularly where there are any parts of steel. Ano-
ther method of applying the amalgam, is to mix it up
in a cup or jar, with mercury and aquafortis, to the con-
wstency of thin cream. Into thi$ the articles are dip-

ped, and become at once perfectly coated with the GilHin,^.

amalgam. We have seen this metliod used by a but- "—v—

'

ton manufacturer, and it succeeded very well, with

scarcely any trouble ; but it is only apiilicable on a

large scale, for this amalgam will not keep long, because

the acid turns the mercury black, by an oxide which
will not pass olf in the drying. They can only mix up,

in this way, as much amalgam as they intend to use in

a very short time. Without acid, the amalgam will

keep any length of time.

The next step in the operation is the drying off,m eva- Drying off

porating the mercury. For this a small charcoal stove or ktoye.

oven is used : it is merely a square opening, surrounded,

by brick on every side, except the front, and a flue pro-

ceeds from the top. It is made of a size proportioned

to that of the work intended to be dried in it. As it

is not intended that the draught of au: shall be rapid,

tile stove may be placed in the lower part ofa chimney,

which is open all round the stove, so as to admit part

of the current of air to ascend into the chimney with-

out passing through the fire ; and the charcoal being

laid upon a small stone hearth, without ajny grate, it.

does not burn away very rapidly. The front of the

chinniey should be closed by a window-sash, which

draws up and down, leaving just room enough beneatli

for the gilder to put his arms and hands into the chim-

ney, while he sees his work in the stove through the

glass, which prevents his inhaling the pernicious vapour

of the mercury. A drawing of an apparatus of this

kind is represented in Fig. 9- of Plate CVII. Button.
Manufactuhe, with an additional apparatus to con-

dense and preserve the mercury dissipated by the eva-

poration. The gilder is generally seated before this

stove, and holds the work in a pair of iron pincers,

over the burning charcoal, till he sees it change colour

from the white silvery appearance produced by the,

amalgam, to a gold colour, which gradually comes on

as the mercury passes off.

At the first application of the heat, before it is suf- Operation of

ficient to make the mercury evaporate, the amalgam drying off.

will be seen to grow more fluid, and flow as it were

upon the surface. In this state it is liable to collect

more to one part of the work tlian others, probably be-

cause the heat is not equal in all parts, but renders the

amalgam more fluid in some places than in others.

To counteract the effect of this tendency, a brush of Spreading

soft hog's hair is frecpiently drawn over the work, to the gold

spread the amalgam perfectly equal over the whole sur- '*>' " '^fus'i'

face. This is a part of the process which requires

much attention from the workman ; for if he does not

spread it well, the parts where the mercury accumu-
lates will form whitish spots when dry ; and these

spots will afterwards tarnish, and at length turn black,

having very little of the gold laid upon them. A great

deal depends upon the heat being very equally and re-

gularly applied, mitil the mercury begins to dry off, and
the amalgam becomes fixed. The common gilder's

stove is very ill calculated to attain this equality of
heat. If the work has any cavities or hollow parts, into

whicJi the amalgam is liable to be accumulated by the

brush, it must be dislodged by shaking the work. The
hair of the brush must be very soft and pointed, by
rubbing it upon a piece ofpumice-stone; and where tlierc

is any extent of surface to be gilt, the brush must be
drawn in one direction, because it leaves a sort of grain,

which will liave a disagreeable appearance if it is not

laid straight.

It is usual for the gilder to have a small iron pan, GikUng
'

into which he puts a few of the pieces he intends to P»n>
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• Gilding

cap.

ciUing. giUl, and places it upon the fire; aiul he" takes them
""V"^ one by one with the tonfj?, out of this pan, to brush

them, and then returns them to heat, whilst he brushes

others : at last, to finish the operation, he holds them
in the tonjjs over the hottest part of the charcoal

;

this completes the evaporation of the mercury, and
leaves the gold of a dull yellow, or gold colour. Small

articles of which there are a great number of the same
size, such as buttons, rings of watch chains, &c. are

put all together into an iron frying pan to heat, and
when the mercury begins to flow, tliey are all together

thrown out into a cap, in which they are shaken up,

and well stirred about with a painter's brush. This ope-

ration effects the spreading of the gold with very little

trouble. It should be repeated several times, and the

heat brought on very gradually, which the pan admits

of doing more conveniently than any other means. As
the heat continues to increase, the mercury begins to

evaporate, and soon leaves the amalgam, or rather the

gold, fixed upon the surface. The work being now
dried off, presents only a dull scarfy appearance ; but
being brushed by a few strokes of the scratch-brush, it

assumes a polished surface. The brushing is done
with small beer or ale grounds, which however contri-

bute nothing more to the operation than to soften the

strokes of the brush, and prevent the work having any
appearance of scratches. If a thicker coat of gilding

is required, the operation is repeated once or twice,

and every time the colour will approach nearer to that

of fine gold. Tlie scratch-brush must be applied to

clean the work between each gilding.

The simplest mode of heightening the colour, is to

hold the work over the charcoal of a small stove, simi-

lar to the gilders stove, and heat it till the colour in-

creases. During the heating, if any spots appear of a
different colour, they are touched with a stick dipped
in aquafortis, which restores them. It is then thrown
into a weak solution of aquafortis and water, which
will discover any spots where the coating of gold is de-
ficient. This method is supposed to act by making a
perfect dissipation of the mercury ; but we think it ra-

ther operates to prwluce a farther alloy or amalgama-
tion of the gold with the metal upon which it is spread.
The work being again polished with the scratch-brush,
is finished unless a very high polish is required: it must
be produced by burnishing with a blood-stone, using
water to prevent the gold being rubbed off.

or gilder's
When a higher colour is required, the work is co-

wax, vered with a composition called gilding wax ; and be-
ing held over the fire till the wax smokes, and is on the
point of inflaming, it is then suddenly cooled in water,
and the scarf of the wax is cleared off by the scratch-
brush and beer.

Gilding wax is compounded of bees wax and red
chalk in equal quantities, with French verdigris and
alum or green vitriol, which are ad-ded in small por-
tions. The use of the wax seems to be only to flow, and
carry the other ingredients to every part of the sur-

face, and to determine the proper degree of heat to be
or saline applied. There is another preparation of sal ammo-
jirepaiation. niac, niti-e, green vitriol, and verdigris, in equal parts,

which they use after the wax is cleared off, and they
desire to produce a very high colour. It is spread over
the work in a state of paste, to which it is mixed by
urine, and heated till it smokes in the same manner
as the wax. This composition may be used instead of
the gilding wax ; or, by repeating the application of
the gilding wax two or three times, it will produce the
game colour, which is a deep and brilliant copper

Colouring

the gild-

ing by

beat.

colour, but very superficial, and wears off long before Gildii

the gilding is worn away. '*~^r
Dead yelloxv is a preparation of gilding which pre- l*"''^

^

sents a frosted surface, without any polish, and of a
""'"

beautiful yellow colour. It is produced by a saline ,

preparation like that above, but some yellow colouring ,'

matter is employed instead of the green ver<legris. <

Wlien the work is heated with this upon it, it is thrown '\

into aquafortis and water, and the ebullition which this

occasions produces the dead colour.

The operation of drying off, as formerly practised,

was very prejudicial to the health of the workman,
who always inhaled the fumes of the mercury. The '™P™^'

application of a glass front to tlie chimney in wiiich ,iryi„~„

the stove is placed, has obviated this inconvenience

;

but still tlie stove is not judiciously constructed with a j

view of producing a gradually increasing heat. A
considerable improvement might be made by employ-

\

ing an iron box, or oven, set in brick-work, over a close
\

fire, and surrounded by flues, in the same manner as '.

a boiler. It should be open in front, and have two or

three shelves within it. The whole stove should be
inclosed within a chimnej', with a glass window in front,

and a sufficient draft up the chimney window to carry

off all the fumes. In using this stove, the work should
j

at first be laid on the top of the box, where it will be
;

gradually warmed ; then the workman removing it to

the upper shelf, it would become more heated, and fit

for brushing. When this is done, he should place it

on the second shelf, which wovdd produce a greater

heat. Being again brushed, and afterwards placed on
the bottom of the box or stove, the heat would be suf-

ficient to complete the drj'ing off.

Iron or steel, may be ornamented by wash-gilding, Gildingi

if the surface is first covered with copper, by dipping "<">•

the iron into a strong solution of blue vitriol, (sulphate

of copper.) Upon this the amalgam can be applied ; but
such gilding presents a very indifferent colour, and is

not durable.

Another method is, to spread a thin plate of gold By bur

upon the steel, then hc.iting tiiem both, and burnish- '"fr

ing the gold down, it will adhere, but so slightly as to

have but little durability ; and the heat must be so con-

siderable, that it frequently injures the temper of the

steel.

In the Philosophical Magazine, vol. ii. a new mode of I

gilding steel is described, as being the same by which _ ,

'

the Sohlinger sabres are ornamented. A solution of j^fj',,

gold in nitro-muriatic acid, {aqua regia,) being poured
into about twice as much ether, the latter will float upon
the surface of the acid; but if shaken together, the gold

will be taken up from the acid by the ether ; which may
then be separated, by pouring the mixture into a long

glass funnel with the tube stopped, and when it is com-
pletely at rest, the tube being opened, will run off the , -

acid; and being again stopped, will leave tlie ether, •

with gold in solution.
j

This solution of gold being spread upon the surface

to be gilt, the ether evaporates and leaves the gold, !

which, however, does not adhere very strongly, but |,1

may be fixed, by heating the steel moderately, and bur-
]

nishing the gilding down.
|

Leaf Gilding.—It is so called,because the gold is lami- Leaf-il-l

nated, by the operation of gold beating, into very thin '"S-
,

j

leaves, which are cemented upon the article to be gild- !

ed, by gum, size, white of an egg, or drying oil. Leaf q{ j^

gilding can be applied on metals as well as wood ; or, kinds. '

with an appropriate cement, it may be laid on any sub-

stance which presents a surface sufficiently even, and
]

t
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free from pores. It is distinguished into bumislicd gild-

ing and oil gilding. In the former, the leaves being

cemented upon the work by gum or size, admit of being

burnished or polished. This is sometimes called water

gilding, because the size or gum is mixed up with water ;

but as this term is also applied to the wasli gilding by

nicrcury, it should be avoided, as tending to confusion.

Oil gilding, is that in which the leaves are stuck on by

fat or drying oil. The advantage is that it will bear

the weather, but, on the other hand, it will not admit of

being burnished.

Dunnshcd Gilding.—When this is laid upon wood,

the surface must be prepared for it by a thin coiiting of

size whitening, to fill up the pores, and make a closer

ground for the gold leaf. The size used to mix up the

whitening, is made from cuttings ofparchment, or ofglo-

vers' leather. These must be gently boiled in water for

several hours, till the water extracts sufficient size to

form a jelly when it cools. This size is strained through
a flannel to clear it from the cuttings, and line powder
of whiting is added, being stirred up with the size un-

til it forms a coarse paint whilst hot, but will congeal

into a very close solid substance when cold. With this

composition when heateil, the surface of the wood is

coatetl or primed over several times, spreading it even-

ly with a painter's brush, and carefully laying it into

all the hollows or cavities of the work where it is car-

ved. Each coat should be sufferetl to dry perfectly be-

fore another is applied, and the last must be rendered

as smooth and even as possible. For this purpose, it is

brushetl over with water before it is quite dry, and any
lumps removed at the same time the whole surface is

rendered closer. When perfectly dry, the priming of

whitening must be examined to fill up the cavities, and
the carved parts must be cut or scraped sharp with a
knife, and polished up in parts with a Dutch rush. Af-
ter this, the parts where the gilding is intended to re-

ceive a burnish, must be rubbed gently with a rag wet-
ted with water. This produces a surface, which has a
polish when dry.

The gilding size which is to cement the gold leaf, is

now applied hot with a brush over all the parts intend-

ed to be gilt. This is made of the same size as be-

fore mentioned; but instead of the whitening, a mixture
of bole ammoniac and tallow is ground together upon a
marble slab ; and, in order to render the mixture more
easy, a little soap suds is put upon the slab. The size

of parchment before mentioned, being diluted by dou-
ble its quantity of warm water, this composition is ad-
ded till it becomes as thick as cream. Some artists add
black lead to the bole, at the rate of one-sixteenth of
black lead ; and instead of tallow, they use a mixture of
equal parts of olive oil and bees-wax. Others add co-

louring matter, such as vermilion and fine yellow ; but
these are quite useless, if they intend to cover the work
completely with gold. The gilding size is laid on in a
thin coat, which is repeated when the first is dry, and
sometimes a third time, which prepares the work for

the application of the gold leaf. •

The gold leaf is kept in small books, the leaves of
which are rubbed with red chalk. To take up the
leaves, and jiarticularly the small pieces, the gilder has
a small pair of tweezers made of two slips oF'cane, uni-
ted together at one end by glue, so that they will spring
open ; but the entls, which are to take up the leaves,
are cut extremely thin, though left sufficiently broad to
take up the leaves by the corners witliout breaking
them. The gihler is also provided with a cushion, upon
which he spreada out the leaves when it is necessary to

4

cuttliemto any particular size. The cushion is made '^ng-

of leather, stuffed with tow or wool upon a square Ixmrd, ^"^^

which has a projecting handle to hold it by. To divide

the leaves, a common pallet knife is used. The article

upon which the gold is to be applied is placed in an in-

clined position, and the size is wetted by a camel hair

pencil. This w(!tting renders the size sufficiently ad-
hesive to cement the leaves, which are removed from Appl's^tioB

the book, by sliding them upon the paper of the book
°' ""

with a squirrel's tail, until the edge of the leafoverhangs
the edge of the paper. This overhanging edge is ap-
plied upon the .sized work, and fastened down, by touch-
ing it with a piece of sofl carded cotton wrapped up in

a piece of fine linen. The gilder then withdraws the
paper upon which the leaf lies, and thus spreads the gold
upon the surface. This drawing away the paper from be-

neath the leafextends the leaf in every direction,and \&y%

it flat upon the work. If any folds or wrinkles appear,

the gilder blows on the leaf, to press it against the pa-

per, and cause a very slight adhesion, though sufficient

to draw the leaf straight without tearing, which would
not be practicable if it was pressed upon the paper by
any other means than a current of air. This part of
the operation requires much dexterity ; and if the
workman breaks a leaf, it must be taken up with the
tweezers, which, indeed, are frequently requisite to
place the leaves straight. It is very difficult to place a
broken leaf sufficiently exact upon the size that no
joint shall a])pear. The gilder endeavours to lay the
leaf, by first fastening the top of it, or that edge which
is most distant from him ; then he withdraws the book
downwards, and for this reason he begins the work at

the top. In some cases the right or left hand side of
the leaf must be first stuck on, and then the book must
be withdrawn sidewise, to the left or right. The gold
leaf being by these means spread on the work, is first

pressed close by blowing upon it, and afterwards by
dabbing it with a squirrel's tail, or with a ball of very
soft cotton wrapped in a fine linen rag. The gilder

does not wet a greater extent of the size than he can
cover with gold before it becomes too dry ; but if this

happens, he wets it again, and thus procceeds until

the whole is covered. The leaves are overlapped, te

ensure that every part shall be covered ; but, of course,

the overlay is as little as the workman can make it.

Any small spots which remain uncovered from de-
ficient corners of the leaves, or other causes, arc covered
with pieces cut by the knife upon tlie cushion. The
gilder reserves for this use those leafs which are bro-
ken in attempting to lay them on : They are removed
from the book with the pincers and laid upon the
cushion. The pincers are likewise used to apply these
pieces upon the work ; but if they are very small, they
may be taken upon the cotton dabber, when rendered
damp by breathing upon it. These repairs should be
performed as the defects occur, before the size becomes
dry ; but, if any escape, the size in the defective places

must be carefully wetted by a camel hair pencil, the
surrounding gold being preserved from the water.
Wfien all the work is covered, and sufficiently dry, it is

brushed oier with a large and soft hogs' hair brush,
which takes off the loose gold ; it is then minutely exa-
mined, and defects removed, by painting them over
with shell gold mixed with gum-water. But for com-
mon work a colour resembling gold is used : it is com-
posed of vermilion and yellow ochre, or red lead and
Dutch pink, ground up with the white of an egg or
isinglass size.

The gold remains only to be burnished by rubbing Bamishin..
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Ground of

}iaint.

Preparation

vt' oil size.

.iliUng. it over ivitli an agato fixed in a handle, or a dog's tooth.

It is requisite to attend to the state of dryness of the

work before burnishing: for if tlie size is not sufficient-

ly dry, the gold rubs off or scratches ; and if tt)o dry, it

is tedious to raise a fine surface, because the size be-

comes hardened with those small inegularities, wliich

prevent the surface of the gold from presenting a po-

lished sm'face.

Gilding in oil.—This is used for work Vkhich is ex-

posed to the weather, and is therefore performed on

wood, lead, or other metals, and sometimes on stone.

'J"]ic ground must be laid of oil paint instead of size,

and whitening as for burnishing gilding. White lead is

a very proper colour for the first coat ; then a second

coat of yellow ochre and vermilion mixed up with

drying oil. This has a colour which will render any
slight defects in tlie gold less apparent. If great nicety

is required, the last coat of paint, when dry, shoidd be

rubbed smooth with pumice stone. In general this is

neglected, because oil gilding is in alnict all cases in-

tended to be viewed at a distance.

The surface, thus prepared, is ready to receive the fat

oil size, by which the gold leaves are to be cenx ntcd

upon it. This is prepared from linseed oil, exposed to

the weather in a large flat pan, which is filled five or

six inches deep with water, and the oil is poured upon
the water about an inch deep. It should be placed

where it will receive the action of the sun and rain lor

five or six weeks in summer. This will cause the oil

to become thick like treacle, and some impurities will

descend into tlie water. The oil is then to be taken off

the water, well separated from it, and poured into a

long phial, which is to be heated until the oil becomes
perfectly fluid, by the settlement of tlie foul parts to

the bottom. The clear oil size is then to be poured off,

and strained through flannel. To render the oil fit for

use, it is ground to a thin jiaint with yellow ochre. A
coat of this paint or size is brushed over the surface

which is to be gilt, but if found too thick to work
well, it must be mixed up with drying oil. Great care

must be taken to cover every part, and to render this

very certain, a second coat may be spread over the first,

after it is dry. The gold leaves are applied upon this

second size, when it is in such a state of dryness, that,

on touching it with the finger, it feels strongly adhesive,

but at the same time does not come oft" upon the finger.

The gold is applied by the same means as before de-
scribed for burnished gilding, and after becoming dry
is brushed over to remove the superfluous gold, ii
this operation produces any spots, they must be retouch-
ed with the size, and fragments of gold applied where
it is requisite.

Leaf gikling Lta/' Gilding, on paper or vellum.—This is exti-emely

simple, as the surface requires no other preparation
than a wash of dilute gum water, or isinglass size.

Upon this the leaves of gold are laid, when it is in a
certain state of dryness, which must be known by prac-
tice : if it has become only a little too dry, it may be

' sufficiently d.imped by breathing on it. When the sur-
face is covered with gold, it can be burnished with an
agate, or dog's tooth.

<JUt letters. Gilt Letters.—If it be required to gild manuscript
writing, a strong size must be used for writing, instead
of ink

: it is made of gum ammoniac dissolved in

Writing water previously impregnated with a little gum arable,

Hze. and some juice of garlick : this forms a fluid of a milky
colour, which will flow very readily from a pen, or it

Ciin be laid on according to any design by a camel-hair
pencil : it may be suffered to Aty, and then, by breath-

cn.!

Sizing the

work.

GiliUn"

t»n paper,

By gum
frize.

ing upon the paper, the size will be softened sufficient-

ly to receive the gold, which is applied in leaves in liic

same manner as for any other kind of gilding. ']'he

superfluous gold being removed by a brush, the writing

is found covered, in its finest strokes, with gold whirh
\

may be burnishetl. Gold letters for shop fronts, &c.
are painted in oil size, bj' the process of gilding in oil. «

Printing in gold may be performed by beating up Tiind

with

1

M

%

the white of eggs to a projier consistence, to mix
vermilion, .ind make a thick ink ; with this the jKiper

or vellum must be printed, and the gold applied in

leaves, as before directed.

A different method is sometimes cmjiloyed to orna-
ment paper with gilt letters. This is to use printing
ink, composed of strong gum water ; and the letters,

after being printed with this, are sprinkled over with Gildin

very fine powder of crystal or glass, so as to form when ^"^ ^y

dry, tt kin<l of sand or glass paper upon the form of let-
^''^^'

ters. To gild these parts, it is only requisite to rub
them over with a piece of solid gold, and the shar])

angles oi' the crystal will cut off sufficient gold to gild

the writing, which will be very brilliant from the re- !

flexions of the crystal. It has been recommended to i

employ stamps for the printing, in which the letter sliall
|

be engraved or sunk, instead of being raised as in print-
I

ing types. The sunk parts of these letters are to be i

filled up witli an ink composed of gum, or whites of
eggs, and tlie raised surface being kept clean, the

stamps when applied upon the paper and pressed, will

leave the mixture upon the paper in the form of the

letters, engraved upon the face of the stamp, and con-
siderably raised. The gilding is performed when the

mixture is dry, by rubbing it with a piece of gold as

before directetl.

Book-binders imprint gold letters on the backs of rjold

books, without any size, by means of brass types, which on bo

are cut the same as printing types ; these are made hot

in a charcoal fire, and are pressed upon the )ilace where
the letters are to be, over which a leaf of gold has been
pre\'ious!y spread. 'l"he heat and pressure causes the
gold to adiiere to the leather, where the type was ap-
plied, but the gold brushes oft" from the other parts.

Scrolls and all kinds of ornaments are impressed in the
same manner ; but when a length of bordering is re-

quired, the impression is engraved on the surface of a

small roller, which is used hot, in the same manner as

the types.

In order to gild the edges of the leaves of books, or f;iit,ti

writing paper, they must be strongly screwed in a press, paper

after being cut as smooth as possible, and the edges

sized with isinglass glue, mixed up with spirits of wine.

The gold shotild be laid on when the size arrives at a

proper degree of dryness.
|

The French workmen employ a ground ofbole ammo-
niac, mixed up with powdered sugarcandy, by means U
of white of eggs. This is laid very thinly upon the

''

edges, after isinglass size or gum has been applied. L

when the ground is dry, it is rubbed smooth with a wet (

'

rag, and this moistens it sufficiently to take the gold.
i

Japatifien' Gilding.—Gilding with gold powder is J.ipailn

only used where the appearance of frosted gold is desi- g'l*'j

,

red. The powder is sprinkled upon the article after
^

the cemen? has been laid on. Tins method is not so
|
a

durable as leaf-gilding, that is, it requires a greater i^

proportion of gold to form an equally effectual covering 1

by this means ; for this reason it is generally coveretl i!

with a coat of varnisli, and is hence called _;n/jan«<rr«' P

gilding. '

'

To reduce the gold to powder, two different mc.ins 'j

1
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sowing.

reparation

the p<>*-

r by i(]ua

A sul>

aUof

ibymer-

'7i

• by grind-

may be employe<l ; one by precipitation, and the other

by grinding. For the first, any quantity of pure gold

is put into a glass containing about eight times its

Weight of aqua regia, (nitro-niuriatic acid). The gold
will more readily dissolve, if it is either beat out into

thin plates, or divided into small grains, by pouring it

into water when meltetl. A gentle heat being apjilied,

will facilitate the progress, and by occasionally stirring

it with :i glass rod, the gold will be wholly taken

lip. A solution of sulphate of iron or green vitriol, in

about eight times its weight of water, is made at the

same time, and if it leaves any sediment, it must be se-

parated and rendered clear.

To precipitate the gold in a state of powder, a small

quantity of the solution of sulph.iteof iron is poured in-

to the glass containing the solution of gold, and a red

powder immediately falls to the bottom from the nitro-

muriatic acid, leaving the gold to unite with the iron of

the vitriol, for wliicn it has a greater affinity The
fluid must be now poured off, and leaves the bright

gold powder at the bottom of the glass, which is then

to be filled with clean water, and the powder stirretl up
to wash it from any remains ofacid. It will soon settle

again, and the water must be poured off to leave the

powder as dry as possible. The remaining water is

evaporated, by exposing the powder in the air upon a

piece of glass.

Another method ofproducing gold powder, is to form
an amalgam of gold with mercury, by the same process

as described for wash-gilding, namely, heating the gold
to redness, and throwing it into mercury, heated near-

ly to its point of evaporation. The gold forms an amal-
gam with the mercury, and after being separated from
the superfluous mercury, by passing through a piece of
leather, the amalgam is put in a crucible or a glass,

and exposed to a sufficient heat to evaporate the mercu-
ry, and this leaves the gold in a fine yellow powder.
For this method, the mercury must be quite pure, and
free from any admixture of lead, otherwise the powder
will be found in lumps, and discoloured.

Gold may be mechanically reduced to a powder by
grinding leaves of gold with a muller upon a marble
stone, and working it up with fine clear honey. The
fragments brushed off by the leaf-gilders will answer
this purpose, and the grinding must be continued un-
til the gold forms a perfect yellow paste with the honey.
This paste being thrown into water, the honey is taken
up by it, and the gold settles in a fine 'powder. It

must be repeatedly washed till the honey is quite se-

parated, and then the powder is dried. This does not
produce so brilliant a powder as the former means, be-
cause the particles of gold are bruised, and rendered
dull by the action of the muller and stone.

The cement or size used for japanners' gilding is

composed of linseed oil and gum. The oil is boiled,

and whilst upon the fire, pieces ofgun anime being put
in, will be dissolved. The proportion of gum should
be about one-fourth (by weight) of the oil ; the mix-
ture is boiled till it is reduced to the consistence of tar,

and then strained through a cloth. When wanted for
use, it must be ground with vermilion, adding as much
oil of turpentine as will make it work with a brush.
Some gilders add to the above composition asphaltum,
red lead, and umber. These ingredients are pounded
and mixefl with the gum, before it is put into the oil.

Such additions give the size a good colour, which is

inore necessary in gilding with powder than for leaf
gilding, because the size appears in innumerable small
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specks, which will diminish the lustre of the gold un-
less tl.'e sif.eis of a brilliant colour.

The operation of gilding with powder, is nothing
more than to paint the work over with the size, mixed
np with oil of turpentine ; and when the size is so far

dried that it feels adhesive without coming off when
touched with the finger, the gold powder is applied,

by dipping a piece of soft wash leather into it, and
daubing it upon the work. When the work is small, it

is best to strew the powder upon it, and shake ofT the

superfluous gold.

Gildins upon Porcelain or Glass.'—The gold is redu-

ced to a fine powder by any of the means described un-
der japanners' gilding, and mixed with borax, adding as

riiuci) gum water as will make it work with the pen-
cil, with which it is to be laid upon the porcelain or

glass ; it must then be subjected to a suflicicnt heat to

niakf the enamel sofl, to which the borax contributes

very much. This fixes the gold, and it can afterwards

be burnished ; or leaf-gold may be laid on with gum
w.iter, and fixed by burning. Borax is sometimes mix-
ed with the gum.
To gild upon glass without burning, a cement or size

may be made of amber, melted in drying oil, and boil-

ed to a strong consistence. It must be tempered for

working with the pencil by oil of turpentine, and laid

on the glass or porcelain, and the gold leaf spread over

it. When perfectly dry, it will bear a careful burnish-

ing, and is durable.

False or Imitative Gilding.—Wash gilding cannot be
imitated ; it must, as we have before mentioned, be of

pure gold. Leaf gilding may be done in Dutch leaf,

which is made of copper covered with gold upon its

surface, by the wash gilding process, and afterwards

beat out in the same manner as the gold ; but the leaves

are much thicker, because there is little inducement to

reduce them so far, and they are more easily laid on.

When first done, this work has all the appearance of

true gold, but soon tarnishes by the air, and any damp-
ness will produce spots in it ; if secured by a transpa-

rent varnish, it preserves its beauty as long as the var-

nish lasts, and in this case becomes a very good substi-

tute. The proper varnishes are made of mastic sanda-

rac, white resin, or copal, these alone being sufiiciently

white and transparent.

Silver leaf and tin -foil are made to represent gold, by
covering them with a varnish or lacker of white resin,

gum-sandarac, aloes, and red lead, mixed up and boiled

with linseed oil. See Gilding on Leather.

Fake Gilding upon Leather. This is an art which
was formerly practised very extensively for the hang-
ings of apartments. At present it is scarcely known,
but some very fine specimens which remain perfect,

after being in use for a century, shew that it is a most
durable kind of furniture for rich apartments. In the

French Collections des Arts et des Metiers, the following

account of this art is given. " The leather of calf skin is

preferable to any other ; the skins are softened in water,

then beaten on a stone, and curried out to their greatest

extent whilst wet ; when dry they are cut square, and
all reduced to the same size ; after which, if any skins

are defective, they are pieced with the fragments, whiclj

are joined by glue; the edges of the joints being pared
away so as to make no increase of thickness. The grain

side of the leather is now rubbed over with a piece of

size, whilst in a state ofjelly ; and before this size dries,

leaves of silver are laid on in the manner before de-

scribed of the gold leaves for burnished gilding. When
2n

Gilding up-

on porc«Uin

or glass.

by gold

powder.

or leaf-gold.

False or

imitative

gilding.

Dutch leaf

varnish e<?.

Silver or tin

foil.

False gild-

ing upon
leather.

For hang-
ings.

Sizing the

leather.

SilTcring.
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Gilding,

Gilolo.

Printing.

By tin-foil.

False gold

jioTdcr.

covered with silver, the skins are dried till they are in

a proper state for burnishing, which is done by a large

flint fixed in the middle of a wooden handle : the work-

man holds it with both hands, and forcibly rubs upon
the silver till it becomes brilliantly burnished. The
appearance of gold is now given to the silvered surface,

by covering it with a yellow varnish or lacker, which is

composed of white resin four pounds and a half, com-
mon resin the same quantity, gum sandarac two pounds
and a half, and aloes two pounds. These ingredients

are melted together in an earthen vessel, and after being

weU mixed by stirring, seven pints of linseed oil are

poured in, and when the composition is sufficiently

boiled to make a perfect union, and to have the consist-

ence of syrup, half an ounce of red lead is added, and

the liquor is passed through a flannel bag.

To apply this varnish, the silvered skins are spread

out upon a board, and fastened down by nails : These

are exposed in the sun, and when thus warmed, the

white of an egg is spread over the silver. After this

is dry, the workman lays on the varnisli, by spreading

it with his hands till he covers the whole. The var-

nish will dry in the sun in a few hours, and is very du-

rable. When the gold is desired to be laid according to

any design, the varnish is printed upon the surface of

the skin by a wooden block and a rolling press. By
this means only the printed parts will appear to be

gilt, the others remaining in silver as a ground, and
are frequently painted in oil colours.

False gilding for pictureframes and other similar orna-

ments, may be. performed with silver laid on in the man-
ner described for burnished gilding, and the above var-

nish laid on after it is burnished: as the varnish preserves

it, tin-foil answers almost as well, except that it will

not bear too fine a burnish.

False Gold Powder, is made by melting tin, and
pouring into it about half as much mercury. The
amalgam thus produced must be pounded and mixed up
with sal ammoniac and sulphur, each in weight about
half the tin. The composition being calcined in a ma-
trass, will form a bright-gold coloured powder, which
answers very well for japanners, but will not keep its

colour unless it is covered by a varnish. For farther

particulars relative to this art, see Handmaid to the Arts ;

Lewis's Camviercium Philosophico TecJmicum ; and the
Circle of Mechanical Arts. (j. r.)

GILOLO, or Halmaheua, one of the Spice Islands,

is a large and singularly shaped island, which divides

the Indian Ocean from the great South Sea to the east.

It is composed of four peninsulas, separated from each
other by deep bays. The equator passes through the
island, and a meridian 126'' east of Greenwich. Its

average breadth is about 30 miles, and its length 220.
The western side of the island is nearly straight, and
the peninsulas extend towards the east.

The principal towns in the island, are Ossa, Maba,
Patany and Weda ; but they are little known, as they
are seldom visited by Europeans. There is a fine wa-
tering place on the south side of the Bay of Ossa, where
vessels may procure water and refreshments ; and on
some of the islands excellent tunber for spars may be
obtained.

Gilolo is naturally fertile. It abounds with bullocks,
buffaloes, goats, deers, and wild hogs. The latter fre-
quent the places where the sago trees have been cut,
and get very fat upon the remains of it. The inhabi-
tants subsist chiefly on the sago tree. It is a long
tube of hard wood, about two inches in diameter, con-
taining a pulp mixed with longitudinal fibres. The

sago flower is procured from this pith, and large quan-
tities of it may be obtained here at a very reasonable

''

rate.

The inhabitants carry on a considerable trade in

their proas with Amboyna and the adjacent islands.

They import cutlery, scarlet cloth, china ware, gold
lace, iron in bars, opium, piece goods, and steel ; and
for these they exchange mats, nutmegs, mace, cloves,

beech de mer, birds nests, pearl shells, seed pearl, and
tortoise shell.

The Dutch were formerly masters of this island, but
it is now in the possession of independent rajahs. See
Forest's Voj/age ; Hamilton's East India Gazetteer

;

and Milburii's Oriental Commerce.
GILSLAND,isawatering-place in Cumberland, much

resorted to in the summer season, chiefly on account of

its sulphureous mineral waters. It is situated on a

steep bank of the river Irthing, about two miles north
of the road leading from Carlisle to Newcastle, and is

about eighteen miles distant from the former place.

The water issues out of a thin bed of argillaceous sliiver,

reposing on a stratum of indurated argil, through a
small leaden pipe, at the rate of about two gallons and
a half per minute. It exhales a strong sulphureous
otlour, which may often be distinctly perceived at the
distance of forty or fifty yards. When first drawn from
the spring, it is transparent and colourless, but becomes
turbid on exposure to the air, and gradually loses its

foetid smell. As the properties of these waters were
till late years but little known, Dr Garnet, formerly
professor of natural philosophy and chemistry in the

Royal Institution, undertook a series of experiments, of
which the following were the principal results : A so-

lution of acetite of lead, dropped into the water, proditf

ced a very copious brown precipitate, which afterwards

changed to black. A similar change was produced in

it by nitrate of silver. An infusion of litmus was con-

verted into a red. Polished jjlates of silver or lead,

immersed in the water, soon became tarnished, and
lost their metallic lustre. Muriate of barytes, oxalic

acid, and tincture of galls,'produced no apparent change.

When the gaseous products were expelled by boiling

for about ten minutes, acetate of lead and nitrate of sil-

ver produced a white precipitate, but muriate of ba-

rytes and oxalic acid no effect. A wine gallon of this

water evaporated slowly, yielded four grains of muriate

ofsoda. From these experiments it is evident, that this

water is impregnated with sulphuretted hydrogen, and
carbonic acid gas in combination witli muriate of soda.

In respect of chemical composition, therefore, it has a

striking resemblance to the sulphureous waters of Mof-
fat. Besides these saline and gaseous ingredients, the

Gilsland waters, like those of Buxton and Harrowgate,

contain a considerable portion of nitrogen or azotic gas.

A wine gallon, English measure, of the Gilsland waters,

yielded four grains of solid matter, and twenty-five cu-

bic inches of elastic fluids, viz.

Of muriate of soda four grains.

Of sulphuretted hydrogen gas 171
Of azotic or nitrogen gas . . 4 > cubic inches.

Of carbonic acid gas ^j

25

Gilsland has been long celebrated in the northern

counties of England as a place of fashionable resort, and
for the efficacy of its suphureous waters in the cure of

certain nervous and bilious complaints, in diseases of the
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digestive organs, dyspreVla, hypocliondriasis, and also in

scrofulous affections. Tai<eii internally, in doses of

from liair a pint to two or three quarts (English mea-

sure) in tlie morning, it generally acts very ])owerfully

as a diuretic, increases the cuticular discharge, and,

from the moderate stimulus of the carbonic acid, increa-

ses the appetite, and promotes digestion. But these wa-

ters often produce a degree of constipation which ought

to be carefully obviated, otherwise a disagreeable giddi-

ness and head-ache comes on. Externally applied in

the form of warm bath, it has been employed with con-

siderable advantage in herpetic eruptions; and particu-

larly in those morbid derangements of the dermoid tex-

ture, psoriasis, and lepra, which are referred by Dr Wil-

lan to the order Squamip, in his admirable treatise on
cutaneous diseases. Locally applied, it is also used to

remove contractions and pains in the joints from strains

or hard glandular tumours, and is a valuable remedy in

chronic rheumatism. Though the sulphureous water is

resorted to and chiefly drank at Gilsland, there is a fine

chalybeate situated on a moor, at no great distance from

the former spring. The water sparkles when poured
into a glass, has a strong styptic taste, and deposits a

copious yellow sediment. A wine gallon of this chaly-

beate, according to Dr Garnet, contains

Of iron 2^7
^^^^^^

Of muriate of soda 3 J
°

Of carbonic acid 14'

Of azotic gas 5
cubic inches.

From this analysis, it would appear that this mineral

water, if properly administered, might prove a useful re-

medy in all cases where chalybeates are indicated, (j. s.)

GINOEE, is a town and fortress in the Carnatic, and
the capital of a district of the same name.
The fort is situated on a stupendous and almost impreg-

nablerock, and hasalways been considered by the natives

of India as the strongest in the Carnatic. The climate

is very unhealthy ; and the French are stated to have lost

1200 troops during the 10 years in which it was in their

possession, although they never kept more than 100 Eu-
ropeans. It is situated 82 miles south-west from Ma-
flras, and 37 north-west from Pondicherry. East Long.
79" 34', and North Lat. 12° 15'.

GINGER, is the root of a plant which grows spon-
taneously in the East and West Indies, and in China.
It flowers about August or September, and fades about
the end of the year. When the stalks are withered, the

roots-are dug up, commonly in January and February,
.and iu-e picked, cleansed, and gradually scalded in boil-

ing water. They are then dried by exposure to the

sun, and form what is called black ginger. White
jjinger is the very same root, but in order to produce
it, the roots are not scalded, but are picked, scrape<l,

separately washed, and dried very carefully. Ginger
is generally sold in knotty, branched, and flattish

pieces, and is of a pale colour and fibrous texture, when
stripped of the outer bark. It should generally be
chosen in large roots, new, and not easily broken ; its

colour should be of a light brownish green, and it

should be resinous within, and of a pungent aromatic
taste. The dark, soft, and fibrous kind, should be re-
jected. Sometimes it is imported green from Bengal.
Preserved ginger is brought from the West Indies and
China, but the former is preferred. It is brought home
in large and somewhat transparent pieces, of a bright
yellow colour. The jars which contain it should be
carefuUy sealed up.

The following Tablecontains the quantities ofginger
imported and sold by the East India Company, from
1804 to 1808. Sixteen cwt. of dry and 20 cwt. of green
ginger arc allowed to the ton. The permanent duty
IS 14s. 6d. per cwt. and the war duty, 48. lOd.

Years. .March Salt, i ScpU Sale total. AvcriMjc per cwt.

Cwt. L. I Cwt. L. Cwt. ' L. L. i. d.

1801. .. Ill 268 Ill 265 2 7 9
1805 ., *. .. ,, .. ..

1806 285 9251001 2991 12863916 3 11
1807 570 1488 229 58 Ij 7992069 2 11 9
1808 925 2182 1320 3447i22455629 2 10 2

GiiigOUlph

II

G'irBmli.

See Lewis's Materia Medica, and Milbum's Oriental
Commerce.
GINGOULPH, St, is a large village of Switzerland,

situated on the extreme frontier of the Lower Vallais,

upon the lake of Geneva, and at the footof a rugged
mountain, from whose summits, caller! the r.ents d'Uche,
about 5655 feet high, the environs of Geneva can be dis-

tinctly seen at the distance of ten leagues. The village

is divided into two parts by a torrent, which issues

from the valley of Oche, and forms the boundary be-
tween Savoy and the Vallais. The road from Evian to

St Gingoulph, was formerly only a foot path, but the
French government cut a magnificent road out of the
rock, which has been open to all sorts of carriages since
the 6th of December 1 805. The lime of St Gingoulph
is esteemed the best in this part of Switzerland. See
Ebel's Manuel du Fot/figeur en Suisse.

GINSENG, is the name of a root which constitutes

one of the principal medicines of the Chinese and Tar-
tars. It grows chiefly in Chinese Tartary, and .-dso in

several parts of North America, from which it is sent to
China. This trade to China was carried on by the
French in 1750, and subsequently by the English; but
since the Americans establishecl their independence,
they have carried it direct to China. The American
root seldom exceeds the size of the little finger. It is

frequently forked, and is of a horny texture, and a yel-
lowish-white colour. The large roots, which are sound,
fresh-coloured, and not very tough, are those which
should be chosen for the Chinese market. In the year
1709, the Emperor of China sent an army of 10,000
Tartars in search of this root, on condition that each
soldier should give him two catties of the best, and sell

the rest for its weight in silver. By this means the
Emperor gained 20,000 catties in one year.

GIOIINICO, called Ir}iis by the Germans, is a town
of Switzerland, situated on the Tesino, at the mouth
of the Lower Levantine valley. It stands 1098 feet

above the level of the sea, and 462 above that of the
Lake Maggiore. The village, which is divided into two
parts by the Tesino, is encircletl with superb chesnut
trees, some of which are more than thirty feet in cir-

cumference. Near the bridge are the remains of an
old castle, which is supposed to have belonged to the
ancient Gauls ; and in the east are the ruins of a tower
built in 940. This town is celebrated by the battle

which 600 of the Swiss confederates, under Henry
Troger, gained over 15,000 of the Milanese, under Bo-
relli, in 1478. More than 1500 of the Milanese were
killed, and most of their cannon, horses, and mules ta-

ken. Several of the cannon were kept at Giomico till

1798.

GIPSIES. See Gypsies.
GIRGENTI, or Agrioe.nti, is a town of Sicily,
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i

i

built on the spot which was formerly occupied by the

ciUdel of Agrigentum. It is situated on a mountain

on the river St Blaise, at the distance of about three

miles from the sea. The streets, on account of their

steepness, are impassable both for carriages and mules.

The harbour of Girgenti is liable to be filled up by the

south-east and north-west winds. The erection of two

piers having failed to remedy this evil, the harbour is

constantly clearing by galley slaves. The great maga-

zines of the Caricatoria are large excavations in the

solid rock, in which great quantities of corn are preser-

ved without the least injury. There is constantly in

these magazines 80,000 salmes of grain, a salme being

that which is sufficient for the annual nourishment of

one man. The magazines belong to the king, who is

accountable for the corn lodged in the caverns. The
proprietors pay a small siun for store-house rent. Fo-

reign merchants come to Girgenti to purchase the sur-

plus grain, when a sufficient quantity lias been reser-

ved for the home consumption. See Agrigentum ;

and CivrL Architecture, p. 601, 602. (J)
GIRONDE, is a dep;u-tment in tlie south of France,

bounded on the north by tliat of the Lower Charente,

on the west by the sea, on the south by the department

of the Landes, on the east by that of the Lot and Ga-

ronos, and by Dordogne. Its superficial extent is about

11,270 square kilometers, or 571 square leagues. It is

watered by the rivers Dordogne and Garonne, and the

Gironde, which is formed of the other two when uni-

ted near Bec-d'Ambez, where they form a vast ba-

ijon, or rather an arm of the sea, capable of receiving

the largest ships. This department lias more a com-

mercial than an agricultural character. The districts

of Blaye, Liboume, and Bazas, are very fertile in corn,

while that of Bourdeaux produces the finest wines, of

which 100,000 tons are annually exported, indepen-

dently of what is consumed in France. One of the

cantons of Esparse, near the sea, produces the cele-

brated wines of Medac. The best red wines are those

of the Bordelais, Haut-Brion, and St Emelion ; and the

best white wines those of Sauterne, Langon, and Bar-

zac. The other productions of the province are, brandy,

wood, cork, turpentine, cattle, and fish. The following

are the principal towns :

Glafio

Bourdeaux
Liboume
Bazas
La Reole
Blaye
Lespare

Population.

112,81.4.

8,076
4,215

3,808

3,580
800

The forests occupy 100,000 hectares, or about 200,000
acres, of which three-fourths belong to individuals. The
contributions in the year 1802 were 5,835,053 francs.

Population 519,685.
GIRVAN. See Ayrshihe.
GIZAH, Djeza, Gize, or Jiza, is a town of Egypt

which stretches along the west bank of the Nile, and is

supposed by Dr Shaw to occupy the site of the ancient

Memphis. It is surrounded with walls of great extent,

about ten feet high and three feet thick. They have
only one gate, and six half moons, and are intended to

resist the attacks of cavalry. Ismael Bey, who fortified

the town, built a palace in the southern quarter of the
city. There is here a cannon foundery established by
Murad Bey, and a manufacture of sal ammoniac. Splen-
did coiintry houses, with gardens, are built to the north-

east of the city. The ground under the calcareous

mountains, to the east, is fiUetl' with tombs. The town
is surrounded with numerous date trees, which give it "^"^r"
a fine appearance at a distance, when intermixed with
the lofty turrets of the mosques. Gizah is the nearest

town to the principal pyramids, which are culled the .'

Pyramids of Gizah. They are distant only about three '

leagues from the town. See Brown's Travels in Afri-

ca ; Savary's Letters ; and Sonini's Travels in Egypt.
See also Egypt and Pyramid. )

GLACIERS, Gklschcr in German, is a name gi-
|

ven to extensive fields of ice and indurated snow, which \

occur in elevated mountainous districts, but particular-
1

ly in the Alps of Switzerland and Savoy.

In all elevated countries, where the mountains rise Position

above the line of perpetual congelation, their summits the glacii

and flanks are covered with eternal snow. The snow
which falls on these lofty regions at different seasons of
tlie year, continues nearly in its original state, being ?

converted into a substance of an intermediate character i

between snow and ice. On the sides of the mountain-
ous declivities, there is more ice tlian on the summits ;

but still these fields of indurated, or of half-congealed
i

snow, are by no means entitled to the name of glaciers, '

although they have been very improperly called the
i

Upper Glaciers by an intelligent traveller.

The real glaciers are those accumulations of ice and
{

snow which occupj' the high vallies between individual

mountains, generally far below the line of perpetual

congelation, and extend themselves into the cultivated

vallies which border upon the great chain. Tliese gla-

ciers are commonly encircled with lofty mountains ; they
stretch from north to south, and very few have an
easterly or a westerly direction.

The general character of a glacier depends upon the Descr^t

nature and state of the valley in which it lies. When of » gl»

the sides of the valley are smooth, and its inclination

small, there is little variety in the appearance of the

glacier. It presents a tolerably smooth surface, and is

intersected with few rents or ravines. When the sides

of the valley are rough and unequal, and its general

inclination considerable, the surface is divided by deep
chasms, and covered with numerous elevations, some-
times 50 or 100 feet high. If the declivity is more than
30° or 40°, the large cliffs and masses of ice are forced

against each other with great violence, and are accu- 1

1

mulated in the most varied and singular forms. These I

|

general remarks will be better understood from a parti- 1

cular description of the two celebrated glaciers of De
Boisson and De Bois, in the valley of Chamouni, as they

were seen by the writer of this article in the autumn of

1814. J ,

After crossing the Arve, above Servoz, by the wood- '^''*"'!)*j

en bridge of St telissier, and ascending a steep and rug-

ged road, the sides of which are everywhere marked by
the scoops and rents which Sir James Hall has observed "

^

on the whinstone and sandstone rocks in Scotland, we
approach the village of Chavanon, and obbiin a fine

view of the different peaks of Montblanc. The village i

of Les Ouches is seen in front, and the Glacier de i|

Boisson ilistinctly appears on the flank of Montblanc,

stretching its frozen masses into the plain. We now
leave the road, and after a little more than half an
hour's walk through a fine meadow, and a gloomy fo-

rest of lofty pines, we reach the glacier. Its lower ex- ,

tremity and iis lofty sides rise into high peaks and py- !

ramids of ice, resembling regular crystals, and having

their hollows and crevices of a bright azure blue, which
forms a fine contrast with the broken sunbeams chver-

ging ui every direction from the numerous surfaces by

I

I

of the tM
cierde It
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whidi ttiey are reflected. On ascending the hill, we reach

the plateau or surface of the glacier, which does not

present any thiu!>- remarkable. Its gently undulating

surt'ace is crossed with numerous cli.isms, and covered

with enormuos masses of granite, which are gradually

transported to a lower level, and .iccunudate in the

plain below, forniing what is cailcil the moiaiues des

glaciers. The (ilacier de Boisson is boiwidod on the east

side by lolly pines, many of wliicii are crushed to

pieces by the irresistible pressure of the walls of ice ;

and the ground n> the neighbourhood is torn up, as if

great convulsions were consUuiily accum)>anying the

fall and descent of the icy clifts. A i'ew hundred yards

only i)itervene between this region of sterility and
desolation, and the rich and cultivated fields in the

valley.

The Glacier de Bois has quite a different character

from that of Boisson ; and thoiigh it tloes not rise into

such singidar and varied shapes, yet its vast extent and
its remarkable situation, and perhaps the diiiiculty of
reaching it, render it a still more interesting object to

the traveller. In order to examine this glacier, we
left C^hamouni about half past one o'clock upon mules ;

and after ascending a steep and rugged declivity, through
a wood of firs, we reached, in 52 minutes, that part of
the ascent where it was necessary to exchange our
mules for long poles pointed with iron. The footpath

crosses a deep ravine cut out by an avalanche ; and at

the end of other iS minutes, we obUiined a splendid view
of the Aveyron, rushing out with great fury from be-

low its icy covering, and throwing itself over a lofty

precipice. At the end of two hours from our setting

out, we reached the summit of Montanvert, which is

STai feet above the level of the sea, and 2568 above
that of the valley.

After resting half an hour in the temple erected for

the accommodation of travellers, by M. Felix Desportes,
the French resident at Geneva, we descended the hill

till we reached the Mer de Glace. At first sight, this

immense field of ice, about 6 miles long and 1 ^ wide,
ha.s the same appearance as if a tumultuous and highly
agitated sea had been suddenly frozen ; but upon exa-
mining it more narrowly, we found it intersected with
numerous chasms and ravines, some of which are 100
feet deep. On the sides of these crevices the ice is

most perfect, and has a fine blue colour; while on the
surface, which is granular and porous, the congelation
appears to have been less complete. By the assistance of
our long poles we entered upon the Mer de Glace, and
from our recollection of Saussure's description of the ha-
zards which attend such a journey, we were not a little

surprised at the apparent absence of all danger. The as-
sistance of the guide was sometimes necessary to cross
the yawning chasms ; but in other respects, we expe-
rienced no difficulty. We passed a huge block of gra-
nite about 24 feet high, resting on the ice, and in the
act of gradually descending to the valley; and we
were now considerably advanced upon the glacier. Hi-
therto we had attended only to the objects below our
feet, and were quite unaware of tlie magnificent situa-
tion in which we were placetl. The whole of this frozen
sea is surrounded with baie and lofty mounUins. On the
north-east, the red aiguille of Dreux rises like a huge obe-
lisk to the height of 5832 feet above Montanvert, occa-
sionally displaying its strongly illuminated summit from
among masses of clouds that rolled aboBt iu base. On
the south-west appeared the black peak of Charmoz ;

and un the south-east, where the glacier divides itself
into two branches, called the Glacier of Lechaud, and

the Cilacier of Tacul, we discover tlic aiguilles of cUcitr*.

Lechaud, and the Great and Little Jonwse, the lofty '""•nr"™'

peaks of the Giant and of Tacul. The black desolation

which presented itoelf on every side; tlic dreary and
unbroken silence which reigned aroimd, and the subli-

mity and novelty with wliich every object was marked,
gave to the present scene a peculiarly impressive cha-

racter, of which it is impossible to form the least con-
ception. The sound of the waters rushing btlow, at

the depth of 80 or 100 feet, which is the general height

of the glacier, and the crashing noise of large stones

loosened by the melting of the ice and tumbling into

the chasms, begin to remind the traveller that his si-

tuation is not without danger. A similar but louder .

noise arises during winter from tlic formation of the
chasms, which sometimes shakes the whole mass with a
noise like thunder, and which is the general harbin-

ger of a change of weather. In many places there is

something like a vertical stratification in the icy mas-
ses, stretching in the direction of the valley, and the

surface of the ice has an appearance as if intersected

by veins. Towards the edge of the Mer de Glace, the

ice is covered with pounded granite, and huge masses

of tilis rock mark the boundary between the glacier

and the mountain. In those places where the ice is

covered with sand, it appears completely black, like the

darkest cairngorms, while in other places the perfect

ice is green. Upon breaking this apparently black

ice, however, we found it quite transparent, and remark-
ably pure and hard.

We now descended Montanvert by another road, in Mouth of

order to see the extremity of the glacier, where it djeli-
-^"ey-

vers the waters ofthe Aveyron. The whole of tlie glacier

is supported on a granite base, which terminates to-

wards the plain in a lofty precipice. The Aveyi-on for-

merly issued from below Uie glacier, through a frozen

vault, where the rock had very little height ; but it now
discharges itself at a much higher point, producing a

waterfall of great height and impetuosity. Sometimes
it issues with dreadful force, and then abates, and over

those parts ofthe rock where no water flows, huge mas-
ses of ice are constantly precipitating themselves, with
a noise like that of the loudest artillery.

In ascending the valley, for the pui-pose of crossing

the Col de Balrae, ^\•e saw also the glaciers of Argen-
tiere and Trient, wh'ch do not merit any particular

description. The glacier of Argentiere lies at the foot

of the lofty aiguille of the same name. It is covered at

its extremity with blocks of granite, and almost black-

ened by a profusion of granite sand.

There is another species of glacier of a very interest- „ ,

ing nature, but essentially different from those which neous cla.

we have described. One of them is in France near cier of

Beaiune, and the other in the Carpathian mountains of Beaumc.

Hungary. The first of these glaciers is near the vil-

lage of Beaume, in a deep cave. The mouth of the cave
is 45 feet wide, and after reaching by a long descent a
hall 100 feet high, a ladder of about 40 feet long con-

ducts to the glacier. About the beginning of the last

century it was completely filled with ice, which was re-

newed every summer. 'I'he water, which descended on
all sides from the surface, formed huge pyramids of so-

lid ice, partly hanging from the rock, and partly shoot-

ing up from below. In winter, this cavern, which is

700 or 800 feet below ground, was filled with smoking
water. The ground above it was formerly covered

with huge trees, which kept off the sun's rays; but in

1724, a country-house having been erected on the place,

the trees were cut, and the ice carried away for tlie use
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Glaciers, of the proprietor. The entrance of the cavern was co-

^"""y"^
vei-ed up with a wall, and the ice has not formed so ra-

Subtcrrane- pidly since that time. The glacier and cavern of Tse-
ous glacier jij^ is in a very lofty rock in the Carpathian mountains,
of Tselitz.

jj^ mouth is large, its width is 26 fathoms, and it pene-

trates to a depth of 50 fathoms, advancing still farther

by a rough and winding passage. When the snow,

which clothes the mountain in winter, begins to melt in

spring, it filters through the rocks, and falls in drops,

which are instantly frozen, and which form pyramids of

ice both in the roof and on the floor of the cavern. The
cavern is thus lined with ice, sparkling like the most

brilliant crystals. M. Bel informs us, that si.x hundred

carts would ftot be able to carry off this ice in a week.

At the approach of auturnn the ice begins to melt; and

at the beginning of winter tlie air is mild, the earth dry,

and not a vestige of ice is to be seen.

Origin and Jt was long the opinion of the vulgar, and even of
formauon of gQ^^g intelligent writers, that the glaciers increased from
the glaciers,

j^gj^^ .
^^j^^j jyj ^|(_mann was the first who maintained

their true origin, altliough he erroneously supposed that

"the pyramids of ice rose -from the glacier itself. In or-

der to explain the origin of glaciers, let us suppose that

all the lofty mountains and peaks which surround the

Glacier de Boi» have been covered with snow during

winter. At the approach of spring, the snow at low al-

titudes, and at the place where the glacier itself exists,

is completely melted by the influence of the sun and
the rains. At a greater altitude, varying with the lati-

tude ofthe place, and with local circumstances, the snow
is only partly melted, and having, therefore, imbibed a

great quantity of water, it is frozen into a mass of im-

perfect ice during the succeeding winter. A fresh fall

of snow covers these frozen spaces, and is in its turn

converted into imperfect ice. In this way, the ice is

accumiilated during every succeeding winter, till the

equilibrium of the mass is destroyed, either by its own
magnitude, or by other causes, and the whole is preci-

pitated in the form of an avalanche into the valley be-

low. The snow which ftdls in still higher regions, lies in

tranquillity on the level summits, or the hollow cavities

of the mountain; but that which falls upon the decli-

vities is easily loosened by any sudden thaw, and falling

down, it adds either to the accumulated ice below, or

passes directly to the bed of the glacier. The ice thus
collected from the surrounding heights, will expci-ience

particular changes in its new situation. It is now sub-

ject to the action of the sun and the rain, which will

wear down the high and angular masses into pyramidal
and other shapes ; and the water will fall down the

chasms, and give a particular transparency to their sides.

At the lower extremity of the glacier towards the plain,

the greatest changes will take place. The fall of the

exterior masses will be followed by the advance of those

behind them, and a movement will thus be propagated
throughout the whole glacier.

Progressive From these causes, the glaciers will progressively de-
(lescent of seend to the plains below ; and the rapidity oftheir mo-
-tlie glaciers, tion will depend upon the inclination of the bed on

which they rest, and on the magnitude and velocity of
' the reinforcements which they receive from fresh avalan-

ches. The stream which flows from the extremity of
the glacier, forms in general a vault of ice above, which
gradually widens as the ice melts, and when it can no
longer sustain the superincumbent mass, it is crushed
by its own weight, and gives place to the masses behind
it. This progressive motion of the glaciers, is rendered
visible by the variation in the position of large stones on
the surface, or of trees frozen in the ice. In the glacier

of Chamouni, the progressive motion has been observed

to be It feet in the year ; and on those of Grindelwald,

150 feet in six years, or 25 feet in the year.

It has been a question keenly agitated among natural-

ists, whether the glaciers are in a state of increase or

diminution, and each party has succeeded in proving

the truth of his opinion. We may necessarily infer,

therefore, that they sometimes increase and sometimes
diminish. The lower extremity which projects into the

plain, sometimes continues to ditninish for a series of
years, as the quantity which is annually dissolved is not
replaced by the superjacent masses. At other times,

when they are copiously supplied by fresh avalanches,

they advance more rapidly than they dissolve, and there-

fore encroach upon the cultivated plains. Their aug-
mentation commonly takes place in spring, and when
they have made great inroads upon the lower ground,
they are generally found to diminish for some years af-

terwards.

We have already had occasion to mention both the

masses of granite rock, which lie upon the surface

of the glacier, and the heaps of enormous stones, cal-

led the Moraine, or Mvrren, which are accumulated at

its lower extremity. These stones sometimes arc to-

tally different from those in the valley where they now
lie, and must have been detached from rocks often

six or eight leagues distant. These stones are frequent-

ly accumulated in separate mounds like hillocks or

graves, and arranged in parallel lines of a considerable

height and widtii. These are generally called Gouffre-

lynes.and appear on a great scale in the glacier of Rosbo-
den on the Simplon. Sometimes a large regular pyra-

mid of ice is seen, with a huge stone upon its summit.

The heaps of stones which we have mentioned, contain

inigeneral specimens of the rocks in the higher regions

of the mountains.

It has been already stated, that the glaciers are com-
posed of different kinds of ice. Some of it is granu-

lated and imperfectly frozen, other parts have a transpa-

rent green colour, as in the chasms and crevices, while

that which is near the heajjs of gravel, is of a bluish

black colour. The only exception to the generality of

this remark occurs in the glacier of Rosboden, the whole

of which consists of ice, hard, firm, and compact, and
of a blackish blue colour.

The vaults of ice are always formed at the exit of the

little stream which runs below the glacier. In winter,

all these openings are closed up by ice, but the heat

of spring speedily dissolves it, and vaults sometimes

100 feet long, and 50 or 60 wide, are formed. The
figure and magnitude of these sufter constant changes.

That of the Aveyron, once so much admired, is no

longer in existence.

In the extensive alpine chain from Montblanc to the

borders of the Tyrol, there are no fewer than 400 gla-

ciers, the greater part of which are six or seven leagues

long, by one half or three quarters of a league wide,

and from 100 to 600 feet thick. A very few of these

are so small as a league in length. M. Ebel has cal-

culated, as nearly as can be done, their general extent,

and has found that those between Switzerland and M ont-

blanc, and on the frontiers of the Tyrol, would form a

single glacier of 1 30 square leagues.

For farther information on this subject, we must re-

fer the reader to the article Alps, where he will find

an account of the glacier of Furca, the glacier of the

Aar, and the glaciers of Grindelwald and Lauterbrun-

nen. See also Grouner's Histoire Naturdle lies Gla-

ciers de Suisse, translated by Keralio; Saussure Voyages
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dans les Alpes ; Ebel's Manuel du Voyageur en Suisse

;

Lambert's Voi/nge Filloresqiie en Suisse.

GLADIATORS is the name given to persons usual-

ly slaves, or condemned criminals, who were brouffht

out to fif,'ht one another for the amusement of the Ro-

man peojjle. See Rome.
GLAMORGANSHIRE, a maritime county in South

Wales, is bounded on the north by Caermarthenshire

and Brecknockshire ; on the south by Merionethshire ;

on the cast by Monmouthshire, from which it is sepa-

rated by the river Rumsey ; and on the south and west

by tiie Bristol Channel. The greater part of its sea-

coast swells into a semicircular sweep ; but the west

extremity is fonned into a narrow beak, between tiie

open channel and an arm running round the coast of

Caermarthen. The county measures from east to west

48 miles ; from north to south, at the broadest part, il6

miles: its circumference is 125 miles. It contains 822
square miles, or .526,()80 acres. There is in it one city,

Landaff'; one county town, Cardiff; ten hundreds, viz.

Caerfilly, Cowbridge, Dinas Powis, Kibber, Langwe-
lack, Miskin, Neath, Newcastle, Ograore, and Swansea

;

eight market towns, and 118 parishes. It returns two
members to parliament, one for the county, and one for

Cardiff, and is in the province of Canterbury ; three parts

of it are in the diocese of Landaff, the remaining part

in the diocese of St David's. There are in it two deane-

ries, Landaffand Cowbridge; and it j)ays one part of the

land-tax. The north part of the county is very moun-
tainous and baiTcn; thinly inhabited, and serving chief-

ly for the feeding of cattle and sheep. In this part va-

rious rivers take their rise, which run to the soutli

through vales, gradually enlarging ; thus forming a

middle district tolerably adapted for cultivation, and at

last terminating in the great level or vale of Glamor-
gan. 1'his is a tract extending along the sea-coast to

the distance of eight or ten miles inland, the most fer-

tile part in Wales, rich in corn and pasture, and well

furnished witli coals, lead, iron, and limestone : it is

open, but not a dead flat : it has an undulated surface,

on a dry substratum of limestone. The land is in-

closed with good liedges, mostly hawthorn. To the
north and north-east, the vale is well sheltered by
mountains. To the south, it lias the dry, rocky shores

of the Bristol channel, without any fens. Another dis-

trict of Glamorganshire deserving particular notice, is

what is termed Gowerland : it is a tract of country
bounded by the Neath and Loughor rivers. Its circuit

is between -l-Oand 50 miles; in point of landscape, it is

inferior to most other parts of the county ; but the ori-

gin and habits of the people, and its antiquities and cu-
riosities, render it highly worthy of attentive examina-
tion. It abounds in nianj^ places with deep pits. The
cast side is remarkably fruitful and well cultivated.

The south-west is inhabited by the successors of a co-
lony of Flemings, probably planted there at the same
period that the Flemings were settled in Pembroke-
shire. They do not understand the Welsh language

;

but are distinguished by their dialect and jvovincial
dress, and rarely intermarry with the Welsh. They
wear what is called a whittle, made of fine wool, dyed
scarlet, nearly a yard square, with a fringe at bottom.
This garment is thrown across the shoulders, and fas-

tenetl with a pin or broach ; anciently it was fastened
with tlie prickle of the black thorn, which is still used
by some of the old women.
The climate of the higher parts of Glamorganshire

is of course rather severe ; but in the lower districts it

is uncommonly mild, so that myrtleSj magnolias, and

other tender exotics. grow luxuriantly in the open Glimotpa.
thire.

Rivers.
The principal rivers are the Lower Taafe, which

rises in the mountains that separate Glamorganshire
from Brecknockshire, and traversing a wild district to-

wards the south, falls into the Bay of Glamorgan, near

Swansea. The Neath, a much more consideral)le river

than the former, rises in the same mountains, more to

the eastward ; descending from these with great rapi-

dity, it forms a deep valley, through which it flows to

the south-west to Neath, where it meets the tide

;

and after several windings in the marsh below that

town, falls into the Bay of Swansea. The Avon, the

Ogmore, and the Ewenny, are three small rivers

which cross the vale of Glamorgan, each falling suc-

cessively into Glamorgan Bay. The Taafe rises within

the limits of Brecknockshire, considerably to the cast-

ward of the source of the Neath ; soon after passing

Merthyr Tydvil, it precipitates itself into the deep
abyss of a vale, forcing its way with great fury be-

tween mountains and woods, till, not far from Caerfil-

ly, it is crossed by the wonderful structure of the Pont-

y-Pryd—a stone bridge of a single arch, suj)po3ed one
of the widest, constructed of masonry, in the world

:

this bridge springs from rock to rock, with indescriba-

ble lightness and beauty. Several miles lower, the

Taafe emerges into a spacious and well-inhabited plain,

in which Landaff antl Cardiff are situated : flowing

through their bridges, it meets the tide, and traverses

a broad marsh to fall into the sea, opposite to the high

rock of Pcnnarth.

The level and more cultivated parts of Glamorgan- Woo«b>
shire are rather destitute of wood; but its eastern and
western extremities are well wooded. The magni-
ficently clothed hills of Margam, Bagland, Briton Fer-

ry, and the vale of Neath, unite the beauties of cultiva-

tion with the luxuriance of forest scenery. The wood,

which rises immediately from the church of Margam,
covers the breast of a mountain 800 feet in height, and
more than a mile in circumference ; the v.ilue of the

oak timber has been estimated at L. 60,000.

The agricidture of this county presents little that is Agricul.

interesting ; it is behind many other counties in Wales, tare,

although the vale of Glamorgan offers many facili-

ties to the husbandman. It is naturally fertile, and
lime is every where to be found in abundance, and
with ease. On the mountains, a breed of sheep, some-

what similar to those on the Cotswold hills, is kept.

The cattle of this county, which resemble those of

Normandy, are in high repute for draught.

But it is its mineral productions, and its manufac- Mjn^g]
tures depending upon them, which distinguish and produc-

enrich Glamorganshire. It abounds in limestone, iron, tions.

and coal. With respect to tliat most extensive bed of

limestone, of which nearly the whole of Glamorgan-
shire forms only a part, it commences with the eastern

extremity of the county, and, taking a direction due

west, runs in a straight line to Swansea Bay, appearing

again in Guwerland, and, having passed under Caermar-

then Bay, is seen to occupy the greatest part of the

south and west of Pembrokeshire. The neighbour-

hood of Merthyr Tydvil abounds with excellent coal,

iron ore, mill-stones, and limestone rocks. Excellent

flag-stone for paving, and a very good kind of slate, are

foimd in this neighbourhood, and, indeetl, throughout

the mountainous district of Glamorgan. On the left

of the road about Pentyrch are very extensive coal-

eries, and abundance of iron ore. In some respects

this county is interesting to the geologist. On tlie top
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of Cam Bryn, one of the highest mountains in South

Wales, is aliuge cromlech, consisting principally of an

immense stone of lapis molaris. l"he lake of Config is

esteemed a singular geological curiosity. The water is

contained in a depression of an irregular form, in the

midst of sands; and, though lying within a very short

distance of tlie sea at flood tides, invariably retains its

freshness pure and untainted. At a short distance

from Newton Noltage is the well mentioned by Cam-
den, which ebbs and flows reversely with the tide of

the sea. The only mineral spring in the county of

Glamorgan is at Swansea. This spring has an acid,

styptic taste, like alum, though the predominant salt

in it is the sulphate of iron. It turns blue with vine-

gar, but will not curdle with milk.

The principal manufactures of iron, copper, &c. are

at Swansea, Merthyr Tydvil, and Neath, fn 1720,

Swansea was noted for the manufacture of straw hats

;

in 1730, the first copper work was established, on the

east side of the river ; since that period they have gra-

dually increased, as well as tlie iron works, to an ex-

tent equalled in few parts of the kingdom. Lead is

also smelted here. The copper is brought from Angle-
sey, Cornwall, and Devon. Merthyr Tydvil was a very
inconsiderable village till 1755, when the iron and coal

mines in its vicinity first attracted attention ; and a Mr
Bacon obtained the lease of a district abounding in

them, eight miles long and four wide, for £200 per
annum. About 10 years ago, about 190 tons of iron

were, on an average, sent weekly, from one person's

works only, to Cardiff. The number of smelting
houses is sixteen. About the year 1800, an overshot
wheel was constructed, upwards of 50 feet in diameter,
and six in breadth ; the gudgeons, on which it turns,

are supposed to be the largest in the kingdom. The
quantity of iron sent from Penydarran works by the
canal, averages annually about 7000 tons ; the Dowlas
works produce amiually about 5000 tons ; and the
Plymouth works about 4000 tons. In the neighbour-
hood of Neath are very extensive works for the manu-
facture of iron and copper. Two immense blast fur-
naces produce 30 tons of pig-iron every week. A cop-
per foundery, and manufactory on a very extensive
plan, is carried on near the village of Margam, the
works of which consume 70 tons of coal daily. The
tin works of Melin Gryffyd, four miles to the north of
Cardiff", are, perhaps, the largest in the kingdom

; pro-
ducing not less than 13,000 boxes of tin plates, each
containing 225 plates, in one year.

The internal commerce and manufactures of this
county are much facilitated by its canals. The canal
for the carriage of the coal to the Neath river, was the
first work of the kind attempted in Wales. There is a
bog of two miles, between the colliery and the river,

the spongy nature of which, for some time, baflled the
skill of the engineers. The length of the canal is little

more than three miles ; it was executed entirely at the
expence of a private individual. The canal from Mer-
thyr Tydvil to Cardiff was complete<l in 1798 ; it is na-
vigable for barges of 100 tons. In some places it skirts
precipitous mountains, at the height of 300 feet above
the river Taafe, which it accompanies. The space it
passes is 26 miles ; in which there are 40 locks, and as
many bridges. The new iron rail-way runs nearly by
Its side. The fall ofthe canal is nearly 600 feet. The
hea<l of the Swansea c-inal in Brecknockshire is 372
feet above the level ofthe Tawy at Swansea bar ; there
are S6 locks upon it in the space of 16 miles, and save-
ral aqueducts.

Glari>

As connected with the antiquities of this county, the Glamorg:

ancient buildings, called Church-houses, may be men- »•'•«

tioned. There are at least fifty of them still remaining

in this district. Their origin and use are not accurate-

ly known ; but most probably they were the halls in Antiquiti

which the courts of legislation and of justice were held .

for the respective petty lordships of the great lordship

of Glamorgan, every one of whom exercisedjwra re-
i

galia. The Roman stations, forts, and camps in this

county, are generally understood to be at Cardiff, Caer-

filly, and Caera. The great Roman road runs over

Newton Down, through Kenfig, Margam, Aberavon,
j

and Neath. But the most celebrated monument of an-
j

tiquity is CaerfiUy castle, now in ruins, said to have >

been the largest in the kingdom, next to that of Wind- I

sor. The wall of the celebrated leaning tower of this !

castle is still between 70 and 80 feet high, and of a
'

prodigious thickness. It hangs 1 1^ feet out of the per- -

pendicular. i

It is a very common practice in this county to plant Customii

the graves with flowers, or with sweet-scented herbs.

No person ever plucks them up ; but a relation or a

friend will gather a little, and wear it in remembrance
of the deceased. When a young couple are to be mar-
ried, their way to church is strewed with sweet-scented

flowefs and evergreens. About two miles from Cow-
bridge is a place famous for the meeting of the Welsh
bards : it took place annually on the 28th of May, un- Bardii

der the immemorial patronage of the Hensolt family, at

whose expence they were entertained. The last meet*
ing was held in 1 720 ; and in consequence of the death
of Richard Jenkins, the last of the family, it was dis-

continued.

In the tiftie of the Romans, Glamorganshire was in-

habited by the Silures : it was, in succeeding ages, an
independent prii^pality, which was overrun and di.

vided by soAie dr V
1088.

By the population returns, there were, in 1811, 8217 Popula*

families in this coimty, ))rincipally employed in agricul-

ture, and 7915 in manufactures, &c. (w.«.)

GLANDS. See Physiology.
GLANDERS. See Veterinary Medicine.
GLARIS, or Glarus, is a town of Switzerland, and

the ehief place of a canton of the same name. The town
is ve^ gloomily situated upon the river Linth, and is

lar^ and populous. The town-house is a good build-

ing, and contains, in one of the antichambers, the Inige

horns of the Bouquetin, an animal which was destroy-

ed in the canton about the end of the I6th century,

and also a bear which was killed in the Alps in 171 6.

There is here a good public library, founded by a socie-

ty in 1758. India stuff's and drabs are manufactured at

Claris ; and there are mills in which is prepared the

famousgreen cheese,known by the name of Schabzi^her,

There is an agreeable"promenade to Enneda, a thriving

little town, inhabited by about 1 50 families. The in-

habitants of Claris are principally merchants, who
wander through the whole of Europe, from Lisbon to

Moscow.
GLARIS, Canton of, is one of the Swiss cantons,

extending about 15 leagues in length and 7 in breadth.

It contains 21J square geographical miles, only two of

which are arable. This canton consists of a great val-

ley, and three lateral vallies enclosed on all sides except

the north-east by lofty mountains, rising to the height

of from 5000 to 1 1037 feet. The vallies of this canton

are watered by the Linth, the Semtl, and the Lontsch

;

and its principal lakes are those of Wallenstadt and

William's Norman nobles in the year
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Clonthal, and some smaller ones among Uie mountaing.

Some corn and grapes, and nnich fruit, are raised in the

canton. In siunnier, about 7000 or 8000 cattle are

pastured on the mountains ; but, in winter, tlicy do not

exceed 4000 or 5000. Tiie milk is principally employ-
ed in making butter and tlie celebrated Scliabzigher

clieese, which is exported in great (juantities. The
blue nielilot, one of its principal iugrt>dients, is care-

fully cultivated by the inlwbiuuits. Goats are so nu-

merous, that every conmiunc has about 300 or 40O.

Since tlieyear 1802, the Merino sheep Iiave been intro-

duced, and the wool of the country has been thus ame-
liorated. The iiiliabitunta are distinguished by habits

of active industry. England was supplied with writing
slates from tlie valley of Sernft, till the opening of the
Caernarvonshire quarries. At the beginning of the
I8tli century, a manufactory for linen cloth was esta-

blished. The spinning of cotton was introduced in

1714, and from 1755 to 17(iO muslins were fabricated.

Since that time, India stufl«, pocket handkerchiefs,
stockings, and muslin shawls, have been manufactureil.
Paper is also made in the canton, and muslin embroi-
dered. The climate is very mild in the valHes. The
spring is early, and strawberries are ripe in the middle
of April, and cherries about the end of May. In 1803,
the population of the canton was 24,000.
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(jri-ASGow is a great commercial and manufacturing

city of Lanarkshire in Scotland, situated on the north

bank of the river Clyde, in West Long. 4° 15' 51",

and North Lat. 55° 52' 10". •

There is no authentic record by which the origin of

the city can be ascertained. Its name, in the Gaelic lan-

guage, signifies a grey smith. It has since been inferred,

that a person of this description, eminent in his pro-

fession, had taken up his residence in the place, and
that, in compliment to him, it had received this name.

In the year 5C0, it is said, a bishopric was founded

here by St Mungo, or Kentigern, and to this circum-

stance the origin of the place has been attributed ; it

being probable that the sanctity of the residence of this

holy man, and the observance of miracles which would
in all probability take place, would naturally draw
those to the spot who were religiously inclined.

From this period, and for the space of more than 500
years, history has declined to record any thing worthy
of notice respecting this place. Prior to 1 100, it would
appear, the Bishop's Church was a mean building,

chiefly constructed of timber, and had gone into de-

cay.

In the year 1123, John Achaius, nominated bishop

by David I. finished and decorated a considerable part

of the present cathedral, and solemnly consecrated it in

l)rcscncc of the king, who immediately bestowed on the

chiu-ch the lands of Perdeyc, now Partic, &c. This
prelate divided the diocese into two archdeanerics of
Glasgow and Tiviotdale, established the offices of dean,

sub-dean, chancellor, treasurer, sacrist, chanter, and
successor, and settled a prebendary on each of them,
out of the donations he received from the king.

In 1174, Joceline, abbot of Melrose, was elected bi-

shop of Glasgow, and made an addition to the cathe-

dral, which had been so far carried on by John A-
chaius. He also procured a charter from William,

King of Scotland, sumamed the Lion, in 1180, erect-

ing Glasgow into a royal burgh, and likewise a cbai'ter

to hold a fair for eight days annually.

In 1387, during the time that Matthew Glendoning
was bishop, the great spire of the cathedral, which had
hitherto been formed of timber, was consumed by light-

ning. In 1408, his successor, William Lauder, built

the great tower of stone as far as the first battlement

:

he also laid the foundation of the vestry of the cathedral.

The great tower of the Episcopal palace was founded
about the year 1437, and carried on by tlie exertions of
Bishop Cameron.

In 1 i50, Bishop Turnbull obtained from King James II.

a charter, erecting the town and the patrimonies of
the bishopric into a regality. He also procured a bull

from Pope Nicholas V. for erecting a university within
the city, which he endowed, and on which he bestowed
many privileges.

The establishment of this seat of literature contrib'i-

ted, more than any thing that had formerly been done, to-

wards the enlargement of tlie town, which, before this

period, was so inconsiderable as not to contain more than
1500 inhabitants. In the year 14-88, the bishopric of
Glasgow was erected by act of Parliament into a metro-
politan see, and the temporalities and liberties of the
church were after this confirmed by a charter ofJamesV I.

Prior to the year 1400, it would appear that the in-

habitants chiefly resided in the vicinity of the cathedral,

and in that part of the High Street which is bounded
by the cathedral and the convent of the Black Friars,

(now the College Church.) On the establishment of
the university, the number of buildings gradually in-

creased downwards to where the Cross now is, and
from thence eastwards on the Gallowsgate (now Gal-
lowgate.) Some time after this period, the citizens

founded a collegiate church in the Trongate, which they
dedicated to the Blessed Virgin ; and this circumstance
naturally induced the citizens to continue their build-

ings as far west as this place of worship, which now
bears the name of the Tron Church. It then became
necessary for tlie inhabitants to form the Saltmarket
Street, so as to procure an easy approach to the Clyde.
As many of the citizens supported themselves by fish-

ing in the river, they were incorporated into a society ;

and in order thiit they might be at hand to prosecute
their business, they built a considerable part of the
Fishersgate Street, which has since gone under the
name of Bridgegate Street,

Notwithstanding this apparent extension, Glasgow
at this time held but an inferior rank among the towns
of Scotlantl ; for it appears that, even in 1556, at Queen
Mary's taxation, it held only the eleventh place. This
inferiority has been attempted to be explained in various

ways ; among others it has been remarked, that in proper,
tion as the reformetl religion preponderatetl, the money
which had been expended in the town by the bishop, and
the other dignitaries of the churcli, would be directed in-

to other channels; and as the early reformers undervalu-
e<l human leai-ning, if they did not entirely despise it,

the influence of the college was for a time suspended

;

it may be also remarked, that Glasgow suffered severely

during the civil wars, and afterwards experienced the
miseries of famine and pestilence. In lfa"52 a great fir?
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broke out,which destroyed a considerable number of the

houses in the Saltnoarket, Trongate, and High Streets,

which at tliat time were formed of timber. By this

calamity, the habitations of nearly one thousand fa-

milies were completely destroyed, and their fortunes

nearly ruined ; so that they were under the necessity

of applying to other towns for relief. Notwithstanding

these discourajring circumstances, we find that Glasgow

hail so far recovered from her disasters, tliat in 1 695, at

the assessment ofthe burglis,she was rated as the second

in Scotlantl in point of wealth.

From the year 14-50, when the town and the patri-

mony of the bishops were incorporated, down to the

Reformation, tiie bishops, or certain lay lords in their

right, nominated the m.igistrates. Although the par-

liament, in KiS.'i, decla»-ed the burgh to be royal, with

freedom of election, we find it afterwards disturbed by
Cromwell and the Privy Council.

in 1690, the town was again declared free by a char-

ter of Wrlliam and Mary, whicli was confirmed by an

act of Parliament in the same year, to the effect that the

town council should have power to elect their own ma-
gistrates, as fully and freely in all respects as the city

of Edinburgh, or any otiier royal burgh within the king-

dom. This freedom of election has continued ever since.

Prior to the union between England and Scotland,

the river was not in a state to bring up vessels of bur-

then to the city ; the magistrates, therefore, purchased

eleven acres of ground near the village of Newark, to

enable them to form a sea-port town. In 1 71 0, we find

that wharfs, docks, and storehouses, had been erected,

a bailie appointed, and the town, which was now called

Port- Glasgow, formed into a separate parish, with right

lof patronage.

The armorial bearing of the city is on a fi<?ld parti,

p. fess. argent and gules, an oak tree surmounted with

a bird in chief, a salmon with a gold stoned ring in its

mouth in base, and on a branch on the sinister side, a

bell languid or, all proper. The motto, " Let Glasgow
flourish." In former times, " through the preaching of

the word," was added to the motto.

The situation of this city commands the attention of
strangers : It lies on the north bank of the Clj'de, is

bounded on the west by the village of Anderston, on
the east by the Calton and Bridgeton, on the north by
the Barony or Landward Parish, and on the south by
the river.

The air, though generally healthy, is somewhat moist.

The average of rain which has fallen for 30 years previ-

ous to 1 790, is 29 To's inches. The greatest quantity in

any year during that perio<l was in 1775, which was
43 -,% inches, and the least, which was in the year 1 788,
was ^9-fi;^ inches.

Tlie following Table shews the quantity of rain that

fell at the Macfarlane observatory from 1810 to 1814',

as measured by an excellent rain-gage by Crichton of
Clasgow :

Inches. Inches. Inihes.

1810 25.132
I

1812 22. 81 1 1814. 19.522
1811 27.801

I
1813 18.368

\

In 1712, the river was swoln to a height never before
remembered. On the 12th March 1782, it rose 1 8 inch-
es higher than in 1712, so that boats were floated in the
streets of the under part of the town.
The soil around the city being very various, is so im-

proven by an abundant supply of manure, as to produce
heavy crops of every description. Coal, freestone, w.'.in-

stonc, and clay of excellent quality, ai-e to be found in

almost every direction.

The greater part of the buildings are erected on

ground having a gentle ascent from the river ; the an- Glasgov

cient part of the town being separated from the more '"'^r'^

modern by a considerable acclivity, commencing near

the College. The public park, or green, on tlie banks

of the river, adjoining the south-east side of the town,

contains upwards of 108 acres of grass, and :i miles 6 1

furlongs and 12 poles of gravel walks. This jiark is
'

of great use to the inhabitants, and contributes nuich ,

to the general appearance of this part of the town. ',

The length and breadth of the city is a>certained by i

two main streets, which cross each other nearly at right |

angles. The principal street running nearly east and
j

west, bears the several names of \\'estergate, Argyle
Street, Trongate, and Gailowgate, and is one mile and
a half, one furlong, fifteen poles, and two yards long

; ,^

8,'s feet broad at King Street, and 77 feet at Queen i

Street. The street which runs south and north takes the *

names of the Saltmarket, High Street, Kirk Street, and *,

Castle Street, and is three-fourths of a mile thii-ty-four •

poles and three yards long ; 5i feet wide at Be'.l Street, .

and 47 feet at George's Street. The greater part of .

'

the streets are 6() feet wide ; the average width is be- '
tween 56 and 57 feet. They are all causewayed with >

very durable whin-.stones, and skirted with hewn stone

pavements of various breadths, conibrmable to the police cnm^;^
act. Common sewers, large enough to admit persons to gtwt<rs.

clean them, extending four miles seven furlongs and ten
|

poles, are formed in the streets. I

Of the three squares in the city, St Andrew's, St

Enoch's, and St George's, the latter is the most spaci-

ous : the centre of it is reserved for an equestrian sta-

tue of his Majesty. Public buildings, and the tene-

ments fronting streets, are built with hewn stone, and
covered with slates. The greater part of the private

buildings, particularly in tlie ancient part of the town,

are built in what is called flats ; by which two or more
families are accommodated under the same roof. In

the more modern part, however, the tenements are so

formed, that one family possesses the whole.

The building ground here is not disposed of by the Building -

lineal foot of front, as is the ca.se in the other great ground, n

towns in the island : it is sold or feued by square mea- "'*1'"***

sure. A yard of nine square feet will bring from one
to eighteen guineas, according to the situation. The
general rate of ground, however, for dwelling houses

frontmg a street, not in a very centrical situation for

business, is frornxwo to four guineas jjer yard.

.Since the erection of the village of Glasgow into a

burgh, in 1 180, its constitution has undergone several al-

terations. In 1 268, it appears that the town was govern-

ed by a provost and bailies, and that the coqjoration i

was duly organised. In 1636, a roj'al charter was ob- office o:l i

tained, appointing a water-bailie, and empowering him water b «4

to exercise a maritime, civil, and criminal jurisdiction, first ap-
^

from tlie bridge to the Clough, at the mouth of the ri- PJI'""**^
\'er, 26 miles below the town.

By the constitution of the burgh, three distinct bo- Set or
'

dies are recognised, viz. the magistrates and town coun- 'f'"'^'"r'j

cil, and the merchants and trades houses. The set, or "^
i

"

constitution, having undergone some slight alterations

by the convention of royal burghs in 1801, is now de-

clared to be as follows : The affairs of the burgh shall

be governed by a provost, and three bailies of the mer-

chant rank, and two bailies of the trades rank ; twelve

councillors of the merchant, and eleven of the trades

rank ; a master of works, who must be of the merchant
rank ; and a treasurer of the merchant and trades rank

alternately. These two oflicers are coimcilloi s ex njjhio.

The offices of the Gorbals bailie, and the bailie and de-

pute bailie of the river, do not add to tlic number of
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councillors, and, like the treasurer, are chosen from

earii of the ranks iiltenidtely. The (lean of guild and

convener of tlie trades' house, are councillors ex officio

during the first year they are in oflice, after which they

must lie elected ordinary councilloi-s. The lord provost

(who from courtesy is stiled honoumble) and the five

bailies are charged with the executive, while the ma-

gistrates and council conduct the other public affairs of

the community.
The provost, two senior merchant bailies, the senior

trades bailie, the dean of guild, and the convener, are

justices of tlie peace for the county ; the junior merchant

and trades bailies exercise similar powers within the

burgh. In 1720, the lord provost first began to wear a

velvet court dress; and in 1767, the provost and bailies,

magistrates, dean of guild, and convener, first began to

wear gold chains ; the bailies ofthe river and barony of

Gorbals have also latterly woni gold ch.iins. It is to be re-

gretted, that the funds of this respectf«ble corj)oration are

not in a situation to warrant its managers to appropriate

a sum to support the dignity of the chiefmagistrate, with-

out affecting the progress of public improvements, which
have been carried on for a number of years past with

a spirit which does honour to the managers of the city.

This burgh, of itself, does not return any representative

to Parliament. The magistrates and council of the

burghs of Glasgow, Rutherglen, Dumbarton, and Ren-
frew, elect one member among them : In the event of

equality, each burgh takes the casting vote in rotation.

Although the population of either of these conjoined

burghs do not exceed one-fortieth part of Glasgow,
they are equal in their political franchises.

The revenue of the burgh arises from various sources,

but chiefly from what is called the common good. The
following may be considered as the most productive,

viz. an impost of two pennies Scots on the Scots pint

of all ale or beer, brewed or sold within the city. This

impost, which was first laid on in 1693, extended only

over the burgh, has since been made to cornprehend

the barony of (jorbals, and the town of Port Glasgow.

( For the history of these, see I/AN.arkshire and Pout
Gla.'!:ow,) Ladles and multers, these are certain dues

paitl on grain, meal, and fruit, &c. brought into the

burgh ; dues on cattle killed within the burgh; dues from
the public washing house and tron ; rents of markets,

church seats, houses, mills, and mill lands, burgess
entries, feus of land, and ground annuals, &c. amount-
ing in whole in the year ending 31st December
1 8 1 3, to £ 1 3,604, 1 1 s. 8d. The following may be con-

sidered as the particulars ofthe expenditure, viz. burgh
assessment, criminal prosecutions, alimenting criminal

prisoners, general expence of the prison and bridewell,

expence of church and civil establishment, ministers

stipends and officers salaiies, police establishment, repairs

of heritable property, and general improvements ; the

amount of all which, for some years past, has exceed-
ed the revenue. This excess may be accounted for,

by the extension of public improvements of late years,
which have necessarily required an anticipation of the
funds.

Exclusive of tlie above, which may be considered as

the revenue and expenditure proper of the communi-
ty, the magistrates and council are entrusted, in wliole

or in part, with the administration of the following
funds, the particulars being elsewhere narrated :

Navigation of the river Clyde;
Assessment for the maintenance of the poor ;

Statute Irtboiir conversion fund
;

Pontage of the bridges; and
Police establishment.

It appears from ancient records, that those persons OlMgo*-
^

who bought and sold merchandise of any description ",~
,»

~'

ni this burgh, considered themselves as a <listinrt class „j mtin
of citizens from those who m.inufactured the articles, rank*,

and the claim of preccilence ollen gave rise to dissen-

sions among the burgesses. In the year Ib'Ot, when
both parties becaine anxious for an amicable adjustment
of their political differences, they submitted their claims
to the final decision of Sir George Elphinstone, who
was then Provost, and to two of the ministers of the
city. The arbiters, to use their own words, declare,

that after great ])ains, long travailing, and mature deli-

beration, they, on the 6th of February 16'0.5, pronoun-
ced their decreet, containing fifty -four articles, which is

the letter of guildry. This decreet was immediately
confiniied by the magistrates and council, and in l6l2
by an act of parliament, and has been, atler a few slight

alterations, acted upon ever since. By the letter of
guildry, the Dean of Guild is president of his house,

and from courtesy ie stiled Lord Dean of Guild. He
takes precedence of the convener of the trades house in

all places, and of the provost and bailies at every meet-
ing of his house. '

The merchants house consists of all the merchant Merthantu'

burgesses who have matriculated, that is, who have •">"»*•

paid a fee, now fixed at ten guineas, to the funds of the
house. These members, however, have only the privi-

lege of attending one meeting in the course of the year,

and of electing 24 members of the Dean of Guild'.<f

council, which is made up as follows : the Dean names
12 members, who may be either foreign or home tra-

ders ; he then puts the whole of the remanent mem-
bers into 24 lists or leets, whereof 12 must be foreign,

and 12 home traders. The qualified members, at the

meeting, e'ect one person from each leet, who, together

with the dean, the provost, three merchant bailies, the

collector, and the 12 persons nominated by the dean,

compose the council, to whom the administration of the
whole affairs of the house is entrusted throughout the

year. The funds of this public body arise chiefly from
rents, feus, ground annuals, interest, matriculation, and
burgess entry money, donations, and mortifications.

The convener is presidentofthetrades house, and takes Trado*'

precedence of the trades bailies, at all meetings of the ^^ouse.

house. The members consist of the present and late

convener, two trades bailies, the present and late collec-

tor, the present and late deacons of the 1 4 incorpora-

tions, and 26' assistants, nominated as follows: the dea-
cons of the hammermen, tailors, cordiners, and malt-
men, nominate four of the members of their incorjjora-

tion ; the weavers two ; the bakers, skinners, wrights,

coopers, fleshers, masons, gardeners, and barbers, one
each ; the dyers do not nominate any. These members
constitute the trades house, and to them its whole civil

and political concerns are entrusted.

The affairs of finance are placed under the exclusive

management of the convener and deacons, and extraor-

dinary members of the house ; the latter are the trades

bailies, collector, and members who have passetl the
chair, or have been at any time in the magistracy. The
funds of this public body, like the merchants house,

arise chiefly from rents, ground animals, and feus from
the lands of trades-town, iirterest, burgess entries, dona-
tions and mortifications.

A circuit court ofjusticiary, (anciently termed justice Court of

in Ayre,) is held here in the months of ."^pril and Sep- justidarn.

tember yearly, wherein all criminal cases, high treason

excepted, are tried by a jury of 15 persons. The ju-

risdiction of the circuit extends over the counties of
L^ark, Renfrew, and Dumbarton. It has been custo*
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Sheriff's

court

OHMgaw. mary for two of the judges to be on this circuit attend-

*~~r~' ed by the sheriffs of the three counties, and the Lord

Provost and magistrates of the burgh. Formerly it was

necessary for the jury to retire from the court, and

make up a written verdict. In 181 4, an act of parlia-

ment was passed, empowering juries, when they were

unanimous as to the verdict, to return it, viva voce, with-

out leaving the box. Forty -five jurymen are summon-
ed on each circuit, whereof 25 are from Lanarkshire, and

10 from each of the other two counties. This court

also gives judgment in appeals from inferior courts, in

civil matters, where the sum at issue is not under £ 1 5.

An elegant hall, or court room, was fitted up in the pub-

lic offices in IS 10, for the accommodation of this court,

which contains more than 300 persons.

The sheriff's court has jurisdiction in civil as well as

in criminal matters within the county. The civil court,

for ordinary procedure, is held every Wednestlay, at

eleven o'clock, in the circuit court room, during the sit-

ting of the court of session ; and during the vacancy, the

court is held at such intervals as the judge may think

expedient. In cases of a summary nature, there is ac-

cess to him every lawful day. All crimes competent to

be tried before the sheriff", which infer capital or corpo-

real punishment, or banishment from the county, must

be tried by a jury of 15 persons ; the forms of the jus-

ticiary court being strictly adhered to, with this diffe-

rence, that, in all cases, the objections to witnesses and

other steps of procedure must be taken down in writ-

ing. No ca])ital sentence can be inflicted in less than

40 days after the passing of the sentence, nor corporeal

punishment in less than 12 days. The sentence of this

court, whether of a civil or criminal nature, are, like

other inferior courts, subject to the revisal of the su-

preme courts.

The commissariat courtwasformerly the bishop's court.

The jurisdiction of the commissariat ofGlasgow, Hamil-
ton, andCampsie, is very extensive,comprehendingagreat

part of the counties of Lanark, Renfrew, Stirling, Diun-
barton, and Air. It takes cognizance of all testamen-

tary affairs, and matters of scandal. Civil actions for

debt may also be tried in it, to the extent of 40 pounds
Scots. The term of this court is similar to the sheriff's,

and is held in the same hall on Thursdays at 1 1 o'clock ;

in former times, it was held in the consistory house,

adjoining the cathedral.

Town coutL The town court is the principal civil court of the

burgh. It seems to have been instituted about the

same time that the burgh was erected. The provost

and bailies are the judges. The procedure is conducted
in writing, by procurators, under the superintendance

of a legal assessor, who is a member of the faculty of
advocates. In ordinary cases, the court is held in the
burgh-hall every Friday at 11 o'clock during the ses-

sion, and at least once a month during the vacation of
the Court of Session ; but in cases which require ex-
traordinary dispatch, the court is open every lawful day.
Its jurisdiction is limited to the burgh, and is competent
to decide questions of personal obligation to pay or per-
form to any extent; no claim, however, can be enforced in
this court, unless it exceeds 30s. The court is also

competent to judge in questions of property, pledge,
hypothec and retension, of exclusive privilege of count
and reckoning, service of heirs, &c.
The inferior civil court, commonly called the con-

science court, from the matters at issue being often left

to the oath of parties, was instituted for the determina-
tion of small civil claims, not below five, nor exceeding
forty shillings. Each of the magistrates, in rotation.

Commissa-
riat court.

iBfcrior

civil court.

officiates as judge ; an assessor attends, to give legal ad-
vice, if it should be found necessary, and to minute the

verbal debate, procurators not being admitted. This
court is held in the hall of the town court every Mon-
day at 1 1 o'clock.

The daily court is held every lawful day at two o'clock,

in the burgh court hall. The bailies officiate in rotation,

without the assistance of assessors; the procedure is

not taken down in writing, no claim being competent
above ten shillings.

In the criminal court of the burgh, as is the case in the
principal civil court,the magistratesofficiateasjudges; the
procedure is conducted in writing, under the superinten-
dance of legal assessors ; and is held every lawful dav in

the police office at 10 o'clock, and thereafter inthe clerk's

chamber at 12 o'clock. This court grants warrants for

the arrest and commitment of offenders of every descrip-
tion, so that they may be brought to trial either in the
supreme court of justiciary, or in this court. In parti-

cular, it takes cognisance of those inferior offences,

which, by the law of Scotland, do not require a trial bv
jury ; to the effect of inflicting punishment by fine, ba-
nishment from the burgh, exposure to public contempt,
imprisonment in jail, solitary confinement in bri<leweU,

subjection to liard labour, or even to the effect of inflict-

ing a slight corporeal punishment.
The de;in of g\iild court takes cognis.ance of all mat-

ters within the burgh, wherein the heritable rights

of the citizens are in\'olved. It consists of the dean
of guild, who is president, four members from the
trades-house, and four from the merchants- house, cho-
sen annually, who are termed the Dean of Guild's Bre-
thren. This court deteniiines in all matters of dispute
between conterminous proprietors, encroachments on
the streets, insufficiency of buildings, and the adjustment
of weights and measures, &c. The procethire is con-
ducted in writing by procurators, under the superin-

tendance of a legal .nssessor. This court is held on
Thurstlays at 1 1 o'clock in the burgh-hail. The trades

rank, conformable to ancient usage, sits on the right of
the president.

The judges in tliis court are those gentlemen in the
commission of the peace, who act for the under ward of
Lanarkshire; the jurisdiction being confined to that

district. Tlie court meets in the circuit court hall, on
the first Monday of every month, at 1 1 o'clock A. M.
two justices forming a quorum. They decide in all

matters of debt, which do not exceed five jwunds;
and determine on fines and penalties to any amount
that may have been incurred in consequence of illegal

traffic, infringement on the game laws, &c. in determi-

ning disputes between m.ister and servant, whether as

to aliment or rate of wages. Procurators are not ad-

mitted in this court, nor is the procedure Uiken down
in writing.

The Cathedral or High Church, is perhaps the most
splendid edifice, and entire specimen of our ancient ar-

chitecture, that is in Scotland. It was founded, as has

been before mentioned, in the year 1 1 23, by John
Achaius, Bishop of Glasgow, and was dedicated to St

Mungo, or Kentigem, during the reign of David I.

This venerable pile is placed on the west bank of the

Molindinar Bum, on an elevated part of the north quar-

ter of the town, declining considerably to the eastward;

and is seen at a very great distance in almost every di-

rection, the floor of tlie choir being 104 feet above the

level of tlie river at the foot of Saltmarket street, at low
water mark.
Although we have not been able to ascertain tlie name
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of the architect from any record or inscription on the

building, it seems to have been John Murdo, from an in-

scription on Mehose Abbey, of the date 1 1 4^(5. It ajipears,

that he intended the cathedral to assume the form of a

cross, from the circumstance of iiis having formed tlie

south transept ; althougli, for reasons not known to us,

that part of the building has been carried no higher than

the first tier of arcius. The greatest internal length of

the cathedral from east to west is 319 feet, the breadth

63 feet; the height of the choir, 90 feet; and of the

nave 8j feet. The building is iOyO feet in circumfe-

rence, measuring round the walls and Kbutments. The
edifice is supi)orted by H" pillars, and is lighted by 157

windows of various dimensions, many of which are of

exquisite workmanship.
The south and north fronts are divided into com-

partments by square projections, which display two
tier of pointed windows with various decorations. The
first or undermost range having completed its orna-

ments, the wall terminates in a battlement, from which

the lower roof s)>rings to meet the inner wall, raised

so high above this roof as to form space for the se-

cond range of windows ; this wall then terminates in

a battlement similar to the under one, and receives the

main roof, which is covered with lead. The succession

of windows on the right and left of the transept being

interrupted, windows have been formed under the great

tower, on each side of the building, 40 feet by 20 feet,

divided by mullions and tracery of curious workman-
ship. About the centre of the building, a square tower

rises nearly 30 feet alxjve the roof, supported by four

massy pillars, each 29 feet 6 inches in circumference :

from this rises a tapering octangular spire, with dimi-

nishing battlements. The spaces between the battle-

ments are enlivened by pointed windows, and relieved

by mouldings and >mall spires, the whole terminating in

a ball and weather-cock at the height of 225 feet above

the floor of the choir. Another square tower, somewhat
less ornamented, rises on the west end of the church to

a level with the first battlement of the tower above de-

scribed, and is surmounted with a pyramidal roofcovered

with lead, and terminated by a ball and vane : this tower

contains the bell and clock. The groined arches which
support the stone floor of this tower, are of singular

workmanship, the middle part of the floor being finish-

ed with a circular opening, so large as to admit of a

stair going up through it. Prior to the Reformation,

and when the rites of the Roman Catholic religion

were performed in the cathedral, the grand entrance

was by the west end of the building, 17 feet high and
11 feet wide, surmounted by a great window. These
openings are formed witli beautiful mouldings, termi-

nating in pointed arches. The space which is now oc-

cupied as the outer High ChurcJi, constituted part of
the choir, so that this department of the cathedral ex-

tended 152 feet, from the west end of the building to

the four steps leading up to the organ gallery and screen

of the nave, which was ornamented by a large window
and figures of curious workmanship. The nave was
what is now used as the inner High Church ; the space
behind contained the altar : the arched roof of this part
of the building, is supported by five massy pillars, over
which was a terrace-walk adjoining the large window,
in the east wall of the nave.

The vestry, on the north side of the altar, forms a
cube of 28 feet : its vaulted ceiling is supported by a
pillar 20 feet high, The chapter-house was in the north
cross of the cathedral, and had a communication with
the nave. The consistory house, in which the bisht^
held their ecclesiastical courts, projects from the south-

west comer of the building, and does not by any means Gl$tgpw.

contribute to the general harmony. This court-niom ^Hr'^*'
is still occasionally used by the commissary olthe dis-

trict : it is 2.5 feet by 23 feet, and is fitted up with a

bench and seats, which evidently bear the marks of

antiquity ; the royal arms over the bench has the let-

ters C R. H. Immediately above the court-room is a re-

pository for certain official documents connected with

the court. The cemetery isof the same dimensions, and
is placed immediately under the nave, having entries by
a flight of steps, descending on the right and left of that

which leads up to the nave at the east end of the choir.

The space underneath where the altar 8too<l, is said to

have been a repository for relicts, and a cemeterj' for the

bishops. The monument of St Mungo is sliewn in this

place, in a tolerable state of preservation.

Having thus given a description of the cathedral du-

ring the time the rites of the Roman Catholic religion

were performed in it, we have now briefly to enume-
rate the alterations which took place in the buildingsi

when the reformed religion was established. Before

entering on this, however, it may be proper to inform

our readers, that in 1579, when the fury of fanaticism The oafU-
had nearly reached its height, and while it was thought men protect

meritorious to destroy every edifice which had been 'he cath>

consecrated for the service of the Roman Catholic reli-
''^

gion, the magistrates, at the instigation of certain cle-

rical and lay zealots, determined to raze the cathedral

to the groimd, and for this purpose had engaged a nu-

merous band of workmen to pull down the stately fa-

bric. When these workmen were assembled by beat of

drum, and with their unhallowed hands were about to

pull down the carved work, the craftsmen of the city, to

their immortal honour, assembled, and swore, that the

first man who should pull down one stone of the build-

ing should be buried under it ; nor would they retire,

till they had an assurance from the magistrates that no
damage should be done to the fabric. Having thus

weathered the storm, the cathedral was altered to con-

tain three places of worship, the choir was divided

into two by a stone partition, the west division being

formed into a place of worship, under the name of the

Outer High Church. The nave of the cathedral was
fitted up, and termed the Inner High Church ; and the

cemetery, although low in the ceiling, when compared
with the others, was fitted up into a place of worship for

the barony, or l«indward parish. In the internal for-

mation of these places of worship, it does not appear

that much attention had been paid to taste or ornament

;

on the contrary, when we observe the great windows
and doors, and other admirable decorations then rudely

blocked up, we are led to believe, that our early refor-

mers disliked every appearance of show or grandeur in

their places of worship.

When it was resolved to fit up the interior of what is

called the Inner High Church, in a style which might
in some degree correspond with the magnificent exter-

nal architecture of tlie cathedral, the magistrates en-

trusted the arrangements to the late Mr William Stark.

At that time, the entrance from the choir was by
small side doors : the centre of the church was en-
tirely filled with pews ; the galleries were deep and
heavy ; the pulpit placed on one side ; and the great

east window built with stone. The appearance is now
completely changed : the entrance is in the centre of
the west end ; a passage leads from it to the pulpit near
the other extremity. The galleries, which were indis-

pensible for accommodation, are placed behind the axi?

of the pillars of the church ; and the east window ii

opened, and filled with stained glass.
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In repairing the capitals of the pillars, the work is

executed so much in the manner of the old carving,

that the difference cannot be perceived ; and in the

small vestibule, the fronts of the galleries, the pulpit,

and indeed all the modern parts, the Gothic style is

perfectly preserved. The whole is painted of a grey

colour, which appears sufficiently neat and clean, with-

out the least glare or tawdriness ; and the sober impo-

sing effect of the church is worthy the memory of the

architect, who, by the pure and classical taste of his pub-

lic buddings, has done so much to ornament this city.

About the same time leave was given to a society of

sacred music to erect an organ in what is commonly
called the choir; and this was executed by Mr David
Hamilton, architect, in a manner creditable to his

taste.

In 1811, the seats in the outer High Church were

completely removed, and the whole of the interior re-

newed in a manner well suited to the magnificence of

the place ; the pulpit has been removed from the south

side to the west end of the church; and in 1812, the

great western window, immediately over the original

grand entrance, was opened at an expence upwards of

£ 500. This window is 44 feet 6 inches high by 23
feet 6 inches wide.

The heritors of the Barony parish, taking into consi-

deration, the ruinous condition of the seating of their

church, and finding the space not large enough for the

increased population of tlie parish, agreed to abandon
it as a place of worship. Accordingly, in the year

1801, the seats were removed, and it was again con-

verted into a burying-place, such as it had originally

been. This repository for the dead, contains 65 pillars,

with capitals of curious workmanship, supporting the

groined arches, underneath the stone floor of the Inner
High Church ; the whole is rendered visible by a glim-
mering light passing through small apertures retained

from the former windows. When a stranger enters this

place and examines the monuments of art, and those
erected to the memory of departed worth, he is insensi-

bly struck with veneration and awe.
The entrance to the choir is now by the south front.

It is 74 feet 6 inches long, 63 feet wide, and 90 feet

high, and has a grand imposing effect, the pillars be-
ing more than 80, and the windows 40 feet high.
The south transept has long been used as a burying-

place for the clergymen of the city : the style and exe-
cution of the work in this aisle is mucli admired. Im-
mediately over this, a flower garden was placed ; but in
1812, it was removed, and a stone pavcnfent, concealed
by a parapet, substituted in its place. The north tran-
sept, formerly the Chapter House, has been fitted up
as a private burying-place.

The Bishop's Palace or Castle, erected in 1430, stood
somewhat to the south-west of the cathedral, nearly in
front of where the Royal Infirmary now stands: it was
inclosed with a strong wall of hewn stone by Archbi-
shop Beaton : the ruins of the castle were removed in

1789, to make way for the erection of the Infirmary.
The College church is situated on the east side of

the High Street, a little below the College. It is a
plain building, partaking of the Gothic, with a small
steeple in front, containing a clock and bell. It was
built in 1699, on the site of a venerable Gothic pile,
termed the church of the Black Friars, which was un-
fortunately* destroyed in 1666 during a violent storm.
At the Reformation this church was made over to the
College, but was some time afterwards conveyed to the
community under certain restrictions.

The Tron church, situated on the soutli side of the

Trongate, a little to the eastward of King Street, was
founded and endowetlby the community in 1484,andde.
dicated to the \''ii-gin Mary, Prior to the Reformation,

a number of chaplainries were founded in it, by pious

and wealthy citizens. In the yem- 1592, this place of
worship underwent a thorough repair ; and on the Sth
February 1 793, it was destroyed by fire. The steeple

belonging to this church, which is of mixed ancient
architecture, projects into the Trongate, and forms a
striking feature in that street : it was built in 1 637, is

126 feet high, and has a clock and two bells in it. The
under part of the steeple being formerly used as a tron,

gave to it its present name. In 1794', this church was
rebuilt on the site of the old one, from designs by Mr
James Adam. It is a plain modern building surmount-
ed by a spacious cupola.

The north-west church situated in Canon Street, front-

ing Candleriggs Street, was erected by the community
in 1721. Its form is oblong, lying east and west, with a
transverse aisle. A steeple 140 feet high, having a clock

and bell in it, is placed at the south front ofthe church.

The steeple displays less taste than might have been ex-
pected from the period in which it was built.

St Andrew's church is situated in the centre of St An-
drew's Square. It was founded in 1739, but not finished

till 1 756. It is nearly a copy of St Martin's in the Fields,

Westminster, and is allowed to be as complete a speci-

men of the composite order of architecture as is to be
found in Scotland. On the west front a grand portico

is formed ; the arms of the city are displayed in the

pediment in basso relievo ; a lofty spire, with a clock

and bell in it, is placed at this front of the building

:

its form and proportions, however, are by no means in

unison with the church.

St Enoch's church, situated on the south side of St
Enoch's Square, fronting Buchanan Street, and founded
in 1 780,is ofan oblong form; a portico of theDoric order,

is placed at the north end ; a lofty and handsome steeple,

having a bell and clock in it, is formed at that end of
the church.

The Wynd church, which had been built by a party
of Presbyterians during the time of Episcopacy in l687,

was found to be unsuitable for the congregation of the

venerable Dr Porteous. Accordingly in 1 807, the pres-

bytery, with concurrence of the magistrates, translated

the congregation to St George's church, erected on the

west side of Buchanan Street, fronting George's Street.

Few things are more difficult than to place a steeple

or spire on a modern building, without destroying its

effect. A Gothic church is usually proportioned in

elevation to its tower ; but modern churches, built

more for convenience than grandeur, are for the most
part so low in their walls, that the spire must either

be insignificant in its o.vn dimensions, or appear to

crush the building to which it is merely attached, but
with which it never seems to be connected. Aware of
this, Mr Stark, wlio gave the jilan of this edifice, resol-

ved that the tower should be the principal object of at-

tention, to which the rest of the facjade might be consi-

dered as an accompaniment. In this view, he was de-

sirous of projecting it from the front of the ciuirch, over

tlie side pavement of the street ; but this being thought
objectionable, the idea was abandoned, and the tower
carried back to tiie line of the front.

The tower itself, both in its general form, and in the

variety as well as tlie proportion of its parts, is uncom-
monly beautiful ; and probably its termination, liad

the colossal statues intenited by the architect been placed

on its angles, would have been equally rich and grace-

ful ; but many difhcullies arose in getting well compo-
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sed statues for »o unusual a situation, witliout incur-

ring an expence wliich the magistrates would have

thought unjustifiable. Mr Stark accordingly agreed,

with reluctance, to substitute obelisks, wliich it must

be confessed a|)pear meagre terminations to the angles

of the tower, and scarcely accorcFwith the beautiful lit-

tle temple which rises from its centre.

The i)!ace of worship for the Harony, or Landward
parish, in tlie cathedral, having become insufficient for

the purpose, the heritors, in 17,'jiS, built a church ad-

joining, and in comiilete view of the cathedral and

Royal Infirmary, from a design of Mr A<lnm's. The
architecture is of a mi.Kcd style, varying from the ad-

joining specimens of Gothic and (irecian architecture.

The outline of the west front of this church has an im-

posing cfi'ect : it is to be regretted, however, that the

execution of the whole of the exterior, is so much infe-

rior to that of the adjoining buildings, to which it was
intended to as.similate. This extensive parish has cha-

pels of ease, at Shettleston, Ciilton, and Anderston.

The Episcopal chapel is situated to the north of thepub-

lic green, and immediately behind St Andrew's Square.

It is a handsome oblong building, erected by subscrij)-

tion in 1751. The altar, orchestra, and organ gallery,

are placet! on the east end of the chapel. The whole

of the interior is fitted up with great taste, and the

window over the altar is beautifully ornamented with

scriptural devices.

A very magnificent Roman Catholic chapel, in chaste

Gothic, is at present erecting on the north side of West
Clyde Street, from designs by Mr James Gillespie. The
towers and pinnacles, the enibrazures,thegrand entrance,

and the magnificent window done up with muliions and
tracery, surmounted by a c<>lossal statue of St Andrew
on the principal front, are well calculated to gratify the

admirers of this venerable style of architecture. The
buttresses, embrazures, and ornaments, of the other

fronts, which are all executed in polished ashlar, har-

monize with the general order. The nave and aisles of

the interior are to be fitted up in strict conformity with

the style ofthe exterior. A valual)le organ, now build-

ing, is to be placed in a gallery over the grand en-

trance, the altar being at the opposite end of the chapel.

This place of worship, which tloes great credit to the

taste of the architect, is to contain 2200 persons, and is

calculated to cost about L 13,000, the greater part of

which is to be rai-ed by small weekly contributions,

from those persons who profess the Roman Catholic

religion in this citj' and neighbourhood.

Prior to the year 13-4-0, a linibtr bridge, which had
been thrown .icross the Clyde somewhere to the west
of the Saltmarket Street, went into decay ; on which
William Rae, bishop of CJlasgow, in 1315, built a stone

bridge across the Clyde, at the foot of what is now
called the Stockwell Street, communicating with the
barony of Gorbals. This bridge, plain, without even
Ml aft'ectation of ornanjent, was originally constructed

with eight arches. Two of these, on the north side,

were built up, when it became necessary to narrow the
river, and thereby protect the adjoining houses from
tile effects of floods. This bridge continued for more
than 300 years, without requiring (so far as we have
been able to learn) any material repair. In the year
16T1, the southmost arch fell at noon of the day on
which Glasgow fair is held ; and although the con-
course of people passing and repassing at the time must
have been very great, it is recorded, that no person re-

ceived injury. This arch was rebuilt with all conve-
nient speed; and the bridge received frequent repairs

3

till the year 1777, when an addition of 10 feet was GIa»go«.

made to its breadth on tlie east side, by which the fa- ""V"-'
brie is strengthened, and the passage rendered more

convenient for carriages. The bridge, as it now stands,

is 41.5 feet long, by 22 feet wide, within the parapets.

The pious and public-spirite<) Lady Lochow is said to

liave prevailed on Bishop Rae to allow her to pay the

expence of the centre arch.

In 1 768, the foundation of a stone bridge, across the ^*^'* ^

Clyde, was laid at the foot ofJamaica Street, for the more
g^j

easy communication to the west coast. It has seven arch-

es, is 500 feel long, and 30 feet broad within the jjarapets.

Its general appearance is such, as to combine the idea of

strength with elegant simplicity. The plan was given

by Mr Milne, the architect who designed Blackfriars

bridge, London. The pontage arising from these two

bridges, in 181+, was £l52<):5:9, which goes to dis-

charge tlie existing debt, and keep tliem in repair,

In the year 1794, the foundation of a stone bridge,

to be thrown across the Clyde at the foot of the Salt-

market Street, was laid. During the subsequent year

the work was carried on, and so far completed, that the

archeswere thrown across, and the parapets nearly finish-

etl, when, on the 18th November, 1795, the lower part of

the city was subjected to an alarming inundation of the

river, which, at four o'clock P.M., swept away the

northmost arch of the bridge, and, in two hours after-

warils. the whole arches gave way. This bridge, which

was named Hutchison's, consisted of five arches, was

410 fe<t long, and 26 feet broad within the parapets.

In 18();5, a timber bridge, for foot passengers, justly

admired for the simplicity of its construction and light

appearance, was tlirown across the Clyde at the bottom

of the Saltmarket Street, a little eastward of the site

of Hutchison's bridge. Its outline is one grand sweep

of a4(' feet, having eight supports and breakwaters.

The breadth within the parapets, which are formed of

upright spars, with diagonal braces, is seven feet four

inches, the expence of erecting it was £1200. An
act of Parliament was procured, authorising certain

trustees to levy a halfpenny from every person who pas-

ses and repasses the bridge on one day of the week only.

The nett pontage, which, in 1814, was ii 8 1, goes to

discharge the <lebt incurred in building the briilge, and
in keeping it in repair. The design was by Mr Peter

Nicholson, architect, author of The Frir.cipks of Archi-

tccliire, Carpciilrij, <f^c.

In 1814, the magistrates and council of the city, and Hutdiibon's

others interested in Hutchison's town, obtained an act f"j^^'^"'
of Parliament for building a bridge across the Clyde, be rebuilt,

near the site of the bridge that fell in 1795. They
have also procured designs from Mr John Rennie, and
are on the eve of contracting for its immediate erection.

The cost is supposed to be from £18,: 00 to .£ 19,000.

The college buildings, and the houses for the accom- College,

modation of the professors, are situated on the east side

of the High Street, near the Blackfriars church. They
are very extensive, having a front of 305 t\et to the

High Street, and 282 feet from east to west. These
buddings, and the four courts, three of which form
quadrangles, occupy a space equal to 9556 square yards.

The buildings are generally three stories lu'gh, of ashlar

work, diversified with turrets and appropriate orna-

ments. 'I'here are three entrances in the principal

front. The centre gate is oniamented with a species of

demi-rusticated work ; the roy.il arms in basso relievo,

gilt, are jilaced over the gate, and consols, supporting a

broad balcony, are formed at each side. The entire of

the facade, which has a fine efl'ect, is terminated, on tlie
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south, by the principal's house, and, on the north, by
that occupied by the professor of oriental languages.

At the centre of the east side of the west court, a lofty

tower, plain, without any gaudy show of ornament,

rises to a considerable height, and terminates in a bal-

lustrade, and semi-curvated roof. The eastmost range

of buildings, erected more than 200 years ago, having

become unfit for the purposes for which they were in-

tended, were taken down in 1811, and a magnificent

range, from designs by Mr Peter Nicholson, erected on
their site. The east front is divided into three com-
partments, the centre projects, and is ornamented
with chamfered work, supporting four mass)' Doric co-

lumns, with entablature and pediment ; the receding

divisions exhibit a range of pannelled pilasters, cornice

and ballustrade. This new erection, which is 160 feet

long, and 50 feet deep, contains the anatomical theatre

;

the common liall, 73 feet long ; and rooms for the hu-

manity, Greek, logic, chemistry : medical, and mathe-
matical classes. The library is a handsome insulated

building, on the south-east extremity, the faculty hall

fronting the High Street, is a very spacious room, hand-
somely wainscoated. Tlie chapel, in which tiie profes-

sors and students attend divine service, is fitted up in a
suitable manner. There are some valuable historical pic-

tures, and portraits of eminent literary characters, hung
round the walls of several of the apartments. The ad-

joining ground, on the east of the college, commonly
called the college garden, consists ofseveral acres, inclo-

sed by a high stone wall, laid out in walks and shrub-
beries, for the use of the professors and students : The
Macfarlane observatory is erected near the east end of it.

The town-hall buildings, situated on the north side,

and at the east end ofthe Trongate Sti-eet, were finished

nected with in the year 1636. The basement was originally formed
into an arcade, with a rusticated front ; the upper part

of the building displays the complete range of the Ionic
order. The town-hall is fitted up in an elegant man-
ner. The walls are decorated with portraits of the
kings and queens of Scotland and Great Britain. Ram-
say's Archibald Duke of Argyle, in his robes as Lord
Justice-General, is admired as a very valuable picture.

The bust of his present Majesty is placed over the
mantle-piece ; and the statue of his immortal premier,
William Pitt, by Flaxman, at the east end of the hall.

In 1781, a subscription, by way of tontine, was opened,
for building a coffee-room and hotel, in 107 shares, at

£50 each. Mr William Hamilton, architect, gave the
design, and disj)layed great professional skill in throw-
ing the arcade of the town-hall into an extensive piazza,
retaining the upper part of the cross walls of the supe-
rior structure. The coffee-room, on the ground floor,

is 7* feet long, of proportional width and height, and
is very handsomely fitted up. There are at present
1 14'6 annual subscribers to the room, at 32s. each. It

is supplied with Scotch, English, Irish, and Continent-
al newspapers, magazines, reviews, and other periodical
publications. In this coffee-room strangers are freely
admitted without introduction, and may enjoy all the
privileges of subscribers for four weeks witiiout sub-
scription,—a liberality, we believe, not equalled in any
of the other great towns in the island.

Prior to 1812, the jail stood contiguous, and at the
east end of the town-hall. The jail, from the increased
population of the city, having become too small, was
taken down in 1812, and an elegant building substituted
in its place ; the upper part being ornamented with
turrets and embrazures, so as to preserve a similarity to
the old tower of the prison, which is still preserved.

This tower, which is 126" feet high, projects on the G)»sg(

High Street, and is only remarkable for its terminating —^
in the shape of an imperial crown. It is furnished with

a clock and bell, and a set of musical chimes, so arranged

as to play a separate tune at the end of every two i

hours. A skUful musician performs favourite airs on
the musical bells, during Change hoiirs, every lawful

j

day, Saturday excepted.

The merchant's hall is situated on the south side ofthe ^^"'i^

Bridge-gate Street, a little to the east of the Stockwell
^\l^^

Street. It was rebuilt in 1659, by Sir Patrick Bell, the

then Dean of Guild ; it is 80 feet long, and ofa propor.

tional width and height. Donation and inscription

boards are hung round the walls, containing the names
of the Deans of Guild. The building consists of two
stories of ashlar work, with little decoration, the base-

ment being fitted up for shops. This building, from '\

its situation and present condition, is by no means j

suited to the wealth and respectability of Glasgow mer-
chants. The steeple, however, adjoining the soutli-

front of the hall, is considered one of the handsomest
(

in the city ; it is 1 64 feet high ; after rising 85 feet iu - (

the form of a square tower, a ballustrade is formed,

within which a tower of smaller dimensions is again

formed, terminating in a ballustrade; this arrangement
being repeated, a pyramidal spire is terminated by a
gilt ball and ship in full sail.

I

The buildings of the town hospital, which were erect- -r^„,„ ,

ed from donations and subscriptions of public bodies and nospit'

individuals, were so far finished, that the poor were '

admitted in 1 733. The buildings form a quadrangle,

the large court in tlie centre being used as airing ground.

The principal front is to Clyde Street ; it consists of a

centre and two jirojecting wings of three stories. This
range contains the great hall, where the inmates assem'>

ble for worship, and other apartments for the use

of the chafity. The buildings on the other sides of

the quadrangle are chiefly fitted up for offices, and the

accommodation of sick and fatuous persons, the insane

having been removed, in 1814, to the Lunatic Asy.
lum.

The royal infirmary is situated in the north quarter Roy»i

of the city, partly on the site of the archbishop's pa- firmat

lace, near the cathedral. The designs for this buildnig

were from Messrs Robert and James Adam; and the

general form of it is so imposing, as to command iiniver- I

sal approbation. Tlie design partakes of the parallelo-

gram form, with bold projections at each end, having a 1

pediment in the centre, supported by pillars of the Co-

rinthian order, and the royal arras, in alto relievo, cut '

in the tympan of the pediment. A spacious dome,

with vertical lights covering the operation hall, termi-

nates the building, which consists of four stories. The
fbundation stone of this edifice was laid in 1 792 ; the

interior arrangements are well fitted for the purposes

of the hospital. Although the Infirmary is calculated J

to contain 150 patients, it has latterly been found in- (

adequate for the acconmiodation of increasing appli- n

cants ; accordingly the managers are at this time mak- i

ing an addition at the back of the buildings, which,
I

without injuring the general appearance, will give more I

than one third additional accommodation. This addi-

tion, whidi will cost £ 4000, has been raised by spe-

cial subscription.

The trades-liall buildings, situated on the west side of xrac-M
Glassford Street,frontingGarthland Street, were erectetl Builigfc.

in 1791, from designs by Mr Robert Adam. The front
j

j

consists of a centre building, and two wings, the form-

er of two stories, supported by a rusticated basement.

LJ



c; L A S G o w. 297

iMId-

with n projection at its centre, on wliich tliere are four

Doric columns, supporting an entablature. The front

is relieved with various mouldings, ornamented with

griffins in basso relievo, and terminated in a ballus-

trade, in the centre of which the city arms are cut in

alto relievo, sup|)ortetl by two female figures in a re-

cumbent posture. A dome rising through the roof,

terminating in a lantern, gives a happy effect to the

whole. The hall, 70 feet long, 35 feet wide, and 24'

feet high, exclusive of a magnificent dome, is fitted

lip with appropriate decorations. Portraits of persons

of the traiies rank, who had made donations to the

house, and the arms of the 14- incorporated botlies,

are hung round the walls. Tablets with the names
and designations of the conveners of the Trades House,
from I0O5 down to the present day, are also placed

on the walls ; the other parts of the building are fitted

lip as committee rooms, &c. The hall of the Traders

House free school adjoins this edifice, which, for ex-

tent, light, and ventilation, is justly admired. From
a remote period, down to the year 1791. t'>e Trades
House and incorporations met in their hall near the

cathedral, known by the name of the Alms House, from
their chaplain distributing alms to decayed out-door

members. This building being found incommodious,
and by no means suited to the increasing respectability

ofthe trades rank, has been appropriated to another use.

The assembly rooms, erected in 1796 by a tontine

subscription of £ '20 shares, are situated on the north

side of Ingram Street. From a rusticated basement
story, a bold projection is formed at the centre of

the builcKng, which supports four Ionic columns, pi-

lastres, and entablature. V^arious appropriate orna-

ments are introduced on the front, which terminate in a
balhistrade. The interior consists of the assembly-
room, card, supper, and retiring rooms, and apart-

ments for the housekeeper, public kitchen, &c. The
principal room, SO feet long, 33 feet wide, and 27
feet high, is finished and fitted up with every requisite,

in the most elegant manner. Mr James Adam gave
the design of the principal or centre building. The
wings, which are separated from the main building by
a colonnade wall, were built in 1807, from designs by
Mr Henry Holland.

In 1788, the grammar school buildings, in Grey Friars
Wynd, were found to be insufficient for the purpose; ac-

cordingly a new set were erected on the north side of
George's Street in 1789- The front, which has a light

cheerful appearance, consists of three compartments,
the centre receding from the wings, in which large Ve-
netian windows are formed. The interior is subdivid-

ed into a common hall, 70 feet long, and seven large

well-aired rooms for the accommodation of the classes.

At the back of the building, more than half an acre of
ground is enclosed for the use of the students.

In 1701, the Faculty of physicians and surgeons find-

ing that their hall in the 'I rongate was not sufficiently

commodious, erected buildings on the east side of St
Enoch's Square. The front consists of two stories ; a
rusticated basement supports a range of pilasters, en-
tablature, and ballustrade. The interior consists of the
faculty-hall, library, committee-rooms, offices, &c.

In 1795, government erected very spacious barracks
on the north side, and near the cast end of the Gallow-
gate. Fxclusive of the guard-house, suttlery, infirma-
rv, and magjiiine, there are three large buildings for
the acconimotlation of the military: The centre is for
officers : it is a handsome building, four .Tories high,
having the royal arms in demi-relief, displayed in the
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tympan of the pediment. The other two tniildingn, C!4»5to».

placed at right angles from the centre one, are for the '"^^/'"^

accommodation of the soltliers ; they contain 7~ apart-

ments, fitted for 1 i men each, pxclusive of 24 kit-

chens. The whole is enclosed with a high wall, form-
ing an extensive parade.

In 1810, the city guardhouse was removed fVom City (tnard"

Candlcriggs Street to the east side of Montrose-strcet. ''on**-

Its front is formed with arched compartments, sur-

mounted by a cornice and blocking. The interior con-

tains ample accommodation for the officers and soldier.t,

and the piazza is sufficiently spacious for the relief.

In 1789, a plain building, 10(> feet long, SO feet Urijewdl.

wi<le, and 6 stories high, was erected on the north side

of Duke-street, for the purposes of a bridewell ; it

contain 126 cells, 8 feet by 7 feet, exclusive of a cha-

pel and a large work-room. On each side of the bride-

well, spacious wings are formed at right angles, which
contain the infirmary, public kitchen, keepers' lod-

gings, and rooms for raw materials for the manufactory,
&c. The whole is enclosed within a wall.

The principal beef, mutton, and fish markets, are si- Marlccis

tuated in King Street. The former occupies a space and Wcigh-

of 112 feet by 67 feet, and the latter 17a feet by 46 ''O"*'-

feet, subdivided around the area into stalls. The courts

are paved with free stone, and the fronts formed of ash-

lar work, with rusticated entries ; the beef-market in

Bell Street being fitted up in a plainer style. The ve-

getable market is also done up into stalls, and is so

spacious as to occupy the whole site of the former Wynd
Church, having its principal entry from King Street.

The butter, cheese, and poultry markets, are placed in

Montrose Street. The tron, or weigh-house, is a large

building, situated at the east end of Ingram Street, and
is used for the general purposes of a tron and store-

house. Prior to the late erection of markets in the city

of Newcastle, the markets in King Street were consi-

dered the best in the island. Each stall in the fish-

market has a water-pipe in it, and the other markets
have a plentiful supply of water.

Tiie slaughter house, situated a little to the south of the sian^hter

Bridgegate Street, was erected in 1 8 1 0, and is the largest house,

and most commodious in the island : it contains 77 killing

rooms, two cattle-yards and alleys, and accommodation
for the searchers and scavengers : it covers 47j6 square

yards of ground, which is all paved with square stones.

Water pipes are placed along the whole of the killing

rooms, and extensive sewers carry off every thing

which would become offensive.

The theatre in Dunlop Street being found inconve- xlicutre,

nient, and too small for the accommodation of the pub-
lic, a magnificent one was erected on the west side of

Queen Street, in 1 804, on the principle of transferable

shares, of £25 each. The building is 1.58 feet long,

and 70 feet wide, being considerably larger than any
of the provincial theatres. On the east front there are

columns of the Ionic order, 30 feet high, with corre-

sponding entablatures, and approjiriate devices. The
interior is elegantly fitted up with every suitable con-

venience, to accommodate 1500 persons, from designs

by Mr David Hamilton. The building and scenery cost

upwards of £18,500.
The buildings of Hutchison's Hospital being removed HuidiiiouV

from the Trongatc, to make way for Hutchison Street, Hj>piul.

the patrons, in 1803, erected a hall and olfices in Ing-

ram Street, suitable for their accommotlation. This

building, and the sjiire of 1 50 feet high, which rises

from the north front, is a great ornament to this part

of the town. The great hall and committee rooms are

2 p
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fitted up in an elegant manner, from designs by Mr
David Hamilton.

The citizens of Glasgow were the first to erect a mo-
, rnent to the memory of the immortal Nelson. Imme-
diately after the hero's fall, a subscription was opened,

and on the first of August 1806, the foundation of a so-

lid ashlar obelisk, 1-12 feet six inche? high, of chaste

proportions, was laid at the west end of the higli green,

with great masonic solemnity : the subscription at that

time amounted to £2075. On the 5th of August 1810,

the upper part of the obelisk was completely shattered,

and the greater part of its shaft rent during a violent

stoi-m of thunder and lightning. It is verj' remarka-

ble, that although the ashlars of the upper part were
thrown out of their beds, and so suspended that a pas-

senger could see through the obelisk, yet at the pre-

sent moment, after a la])se of five years, they setm to

be still in the same situation.

The Hunterian museum was erected in 1 804, and is si-

tuated at the west end of the college garden, in front of

the common hall. This was the first public building

erected by Mr Stark, who must be considered as singu-

larly fortunate at the commencement of his professional

career, in ha^'ing such an opportimity of displaying his

talents and his taste. He was no less fortunate also

in being employed by a society, which, from full con-

fidence in his abilities, avoided every interference with
his arrangements.

Mr Stark chose the Roman Doric for the portico, as

the gravest and most imposing order that could be em-
ployed in so confined a situation ; and he made its parts

as simple and large as that order could properly admit.

Behind the portico he formed a recess, divided from it

by a second row of columns, like the pronaos of an an-
cient temple. By this arrangement, securing great

depth of shade, without projecting his columns too far

into the nai-row court, he produced a very rich effect in

the angular view, and to so small a portico giving won-
derful dignity on a near approach.

The merit of this builduig, however, is not confined
to the portico ; its general proportion, the simplicity

of its parts, and the elegance of its form, render many
views of it from the garden, little if at all inferior to that
of the principal front. The interior, likewise, corre-
sponds in a remarkable degi-ee with the exterior ap-
pearance. There are, throughout, the same simplicity,

the same elegance, and tlie same attention to pictu-
resque effect. The saloon for paintings, is particularly
beautiful in its form, proportions, and decoration.'?,

while it is at the same time well contrived for exhibit-
ing to advantage the collection M'hich it contains. With
the exception of the staircase, which is too small and
too plain, a man of taste will discover, in this eleg.int

building, a unity and consistency rarely to be met with
in modern works : no part is neglected, and no part
charged.

The gaol and court houses, situated on the west end
of the Green, were built in 1810. The magistrates
having resolved to erect a new gaol and court house,
applied to several architects, and from their designs,
all of which were too expensive, they made a se-
lection and arrangement according to theu- own ideas.
Mr Stark was then desiretl to adapt his elevation
and court hall to the new design. The former has
been executed exactly from his drawings ; but in the
latter, some deviations were afterwards made by or-
der of the committee. Every consideration pointed
out the Grecian Doric, as the proper order for such a
building, and particularly in so open a situation. But
architects baveseldoKi succe«ded in adapting this order

to a front, in part of which tlie columns are to give

place to a simple wall. Either they have reduced the

massiveness of the entablature, on which the magnifi-

cence of the order entirely depends, or the cornice,

which is admirably proportioned to the innuens-e co-

lumns by which it is earned, has appeared heavy and
even overwhelming in those parts where it is deprived
of their support. This difficulty Mr .Stark, by the ge-
neral simplicit}' of the arrangement, and the size of
the window dressings, has, in as far as possible, over-

come ; and though in this design there may be some-
what wanting of that unity and symmetry which charm
in his otlier works, the magnificence of the portico ri-

vets the attention, and diverts the mind from what may
be less perfect in the otlier divisions of the facade.

The portico -exhibits very nearly tiie proportions of
the Partlienon, and may serve to give some idea of that
celebrated temple, divested indeed of the magnificence
it derived troiii the most exquisite sculpture of ancient
times. As in the Parthenon, the columns are placed on
colossal steps, the dignity of whicli cannot be conceived
without having been seen ; and there is a recess divi-

ded from the portico by a screen of columns, like the
pronaos of the temple, w hich adds greatly to the rich-

ness and grandeur of the eflect. It was subject of re-

gret to the architect, that the ]5ortico could not be pro-
jected farther from the side wall of the building, and
the screen of the pronaos. But such a projection would
have destroyed all aflinit}' between the centre and the
wings, in which porticos, on account of their expense,
were inadmissible.

In so flat a situation, it may also be regretted that

greater elevation could not be given to the building,

consistently with the employment of tlie Grecian Doric.

This defect would probably, however, have passed un-
noticed, had it not been rendered much more observa-
ble by a parapet and rail, which have been carried along
the front since Mr Stark's death, and which, while they
sink the building, conceal the cblossal steps on which
the grandeur of the portico so much depended. Were
this obstruction to the \iew removed, there c;m be no
doubt that the want of elevation in the general form
would be far less conspicuous ; tiiough to have avoided
it entirely was perhaps impossible.

A Grecian Doric portico of six columns is necessa-

rily long in proportion to its height ; and to have short-

ened the compartments, by which the centre is connect-
ed witii the wings, would have crowded the fa9ade, and
destroyed all affinity among the forms and proportions
of its several parts.

In contemplating so magnificent a portico, small de-
fects pass unnoticed ; and ifthey could not be remedied
without adopting a less imposing order, the most fasti-

dious taste will applaud the architect, for iiaviiig sub-
mitted to what was unavoidable, for the purpose ofpro-
ducing so sublime an eflect. v

These buildings contain halls for the several courts,

and ample accommodation for the civil and criminal

establishments. 'I'he entry to the gaol is by the west
front. This department consists of two spacious courts,

74' fire-rooms, 5s cells, and 2 apartments for prisoners

under sentence of death, so completely cased with iron,

that it is" not necessary to subject the criminals to per-
sonal irons, as is done in almost every other jail. There
are also a chapel, a milit-iry guard-house, and apart-

ments for the keeper of the gaol's family. Four cast-

iron cisterns, calculated to contain 14-,77C gallons of
water, are placed on the top of the prisons,' from
which the several apartments and water-closets are sup-
plied. Prisoners are received from the counties of
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Lanark, Renfrew, nnd Dumbarton : They nmoiinted,

in !814', to MJi per<^oiis, viz. 367 debtors, .^'Jj male
criminal-!, 23*) female criminals, and 41 tlescrters : The
whole expcnee of these buildings, viz. ,£34,S1 1, has been
<lefmvrd from the funds of the cor])oration.

The foundation-stone of the Lunatie Asylum, sittin-

tp<l between the Royal Infirmary and theClasjrow Ob-
servatory, was laid with great masonic solemnity, in

1810. Modern aiThitects seem very frenerally to have
aimed at reputation, rather by the invention than the

proportions of their designs. Little aware of the dig-

nity arising from the graceful diminution ofcohunn.s,

from inter-columnations rather narrow than wide, from
harmony in the details, and from congrnit}- in all the

parts, in reference to each other and to the whole, they

must be astonished at Palladio's fame, and unable to com-
prehend how his buildings, which are for the most part

small in their dimensions, and without any pretensions

to novelty or singularity in their forms, should so long
have charmed the world, and at every repeated inspec-

tion afforded increased delight.

In this resjject more perhaps than any other, Mr
Stark bore a nearer resemblance to an architect of an-

cient than of modern times. By constant and respect-

ful study of their works, beseemed to have imbibed the

spirit of the Greeks, while, by the powers of his genius,

he adapted their principles to the wants, manners, and
opinions of his countrymen. In the lunatic asylum, he
had less opportunity than usual of pleasing, by the pro-

portions of the mouldings, or the richness ofthe details ;

for every costly ornament would have been improper,
and the situation of the building rendered its effect from
a distance much more important, than its beauty on a

near approach. Yet even here, he studied the details

with the utmost care, convinced that the grandeur of
the general form is never independent of a due propor-

tion in the minuter parts.

On considering the interior arrangements of a luna-

tic asylum, it appeared to him that wards, projected di-

agonally from a central building, would afford every
facility, both for the superintendance and classification

of the patients. Such a form had been little attempted,

and never executed with a pleasing effect. The diffi-

culties presented by it, Mr .*^tark has admirably sur-

mounted. By a just proportion of the diagonal wards
to the central buildings, by raising over the latter a cir-

cular attic, and crowning the whole with a noble dome,
he has given the asylum a character of blended elegance

and dignity, which perhaps sets it above all his other

designs, and. simple and unadorned as it is, entitles it

to a most eminent place among the works of art. So
noble indeed is this design, that the managers coidd
scarcely persuade the public, that, on erecting it, an ex-

travagant sum of money had not been squandered on
external decorations. Its effect is now a little injured

by the garden walls, having been raised higher than the
architect intended, and still more by a recent building,
which interrupts its finest point of view ; but wherever
it is seen, it must excite feelings of the highest admira-
tion ; and even if in course of time all views of it as a
whole should be intercepted bythe extension of the town,
the dome will always remain one of the greatest orna-
ments of the city.

The asylum and airing grounds cover about three
acres and a half. In the distribution, care has been
taken to class the higher and lower ranks of both sexes
according to the frantic, ordinary, or convalescent state

of the disease. The buildings contain 1 36 apartments
for the use of the patients, exclusive of those appro-
priated for the housekeeper, apothecary, superintend-

Lycenm.

ant, physician, and committee ; and the whole range Gliugtw.

of store-rooms, servants' apartments, kitchens, baths, """"^""^

&c. Kach class of patients has separate entries to the

subdivided airing grounds, which are laid out in gravel

walks, flower-plots, and shrublwries. The eating-rooms,

parlours, and bed-rooms, for the higher ranks of pa-

tients, are spacious and genteelly furnished : the close

rooms for that class are 1 1 fcit 6 inches long, 8 feet

wide, and 10 feet 6 inches high ; and for the paupers,

1 1 feet 6 inches long, (i feet 6' inches wide, and 10 feet

6' inches high ; each ward having a gallery 70 feet long

by 7 feet 6 inches wide, for exercise in bad weather.

The several apartments of the asylum are rendered com-
fortable by the introduction of rarefied air, generatecl

in the sunk storey, and communicated by conceale<l

flues.

In 1810, the foundation stone of the Glasgow obser- <»la»gow

vatory was laid on the south side of Garnet Hill, situa- ol»»"^«'»r-

ted a little to tlie north-west of (Jeorge's Square. The
funds for this institution were raised by subscription of

£ 20, transferable shares. The building is divided into

three compartments : the first contains the instruments

for scientific ob.servations ; the second those for popular

observations; the third is fitted up for the accommodation
of the subscribers, where they have the use of astrono-

mical instruments, and treatises connected with the

science.

In the Glasgow observatory, there are a great variety

of valuable astronomical and meteorological instruments.

The most remarkable are, a fourteen and a ten feet tele-

scope by Herschel; a mural, azimuth, and altitude cir-

cle, by Troughton ; a sidereal and mean time clock by
Hardy ; and a chronometer by Arnold.

The Lyceum is situated on the east side of South Albi-

on Street. The s.iloon is 54 by 33 feet, and the adjoining

library 33 by 22 feet, the whole being elegantlj* fitted up.

The saloon is amply supplied with newspapers and pe-
riotlical publications ; and the library is stored with a
well-chosen collection of books. Strangers are not ad-

mitted to the Lyceum, without being introduced by a
subscriber.

The riding-school, which was erected by subscription,

is situated on the west side of York Street. It con-

tains two circles of 40 feet each, stables, and a gallery

for spectators.

The buildingsforAnderson's institution are situated on
the west side of John Street. The ashlar front is relieved

with mouldings, terminating in a ballustrade and petli-

ment : the roof being formed into a dome, has a very
fine effect. The great hall is of a spherical form, and
seated for 500 persons. The library, laboratory, com-
mittee, and apparatus apartments, are fitted up with
every convenience.

The post office, situated on the east side of South Al-
bion Street, has an ashlar front, relieved in the centre,

and terminating in a pediment. At one end of the

building there is a coveretl way, and at the other a spa-

cious lobby, for the acconmiodation of the public. A
range of windows -are so placed in the lobby, that per-

sons having boxes in the office, can see if they have let-

ters before the delivery commences.
The Magdalene Asylum for the reception of females,

who are desirous to return to the paths of virtue, is situa-

tedalittleto thecastof theLunatic.\sylum: Itwas erect-

ed in 1812, and is supported by voluntary contribution.

The building consists of three stories ; the front is di-

vided into three compartments, the end ones termina-

ting in pediments. This establishment is completed
with every suitable accommodation, for the matron, the

comniittee, and 34 penitents. The chapel, exclusive

Riilinf;
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Slaigow. of the gallery, contains 150 persons. The inanagers

""-V""^ being aware tliat the objects of this institution could

not be obtained amid tlie bustle of active life, liave in-

closed above an acre of ground by a higli wall, witiiin

which all the buildings for industry and accommodation

are placed. As washing and dressing clothes for fami-

lies form a prominent part of the economy of tliis es-

tablishment, the inclosed ground which is laid down in

grass, is well adapted for bleachmg, being supplied with

pipes from tlie water companies.

The buildings for the Lock Hospital, situated on the

soatii side of the Rotten-row, are plain, and so completely

inclosed, that the patients can only see into the spa-

cious coiu-t-yards. Convenient apartments are fitted up

for the committee, the housekeeper, and the surgeon.

The public institutions and benefit societies which

are establislied in this city for the relief of the necessi-

tous, are so various and complicated in their nature,

that we are under tjie necessity of briefly mentioning a

few of the principal ones, witli the sums e.xpended in

the year ending December ISH.
The merchants and trades houses, granted annuities

to decayed members or their families to the amount of

£ 1620, exclusive of a number of bursaries and appren-

tice fees, which are placed at their disposal. The 14

incorporations, and tlie Faculties of Pliysicians and
Surgeons, and Procurators, gave to their poor £ 3800,

exclusive ofannuities to widows. Hutchison's and St Ni-

cholas hospital, distributed to outdoor pensioners i!, I9IO.

The sum raised for the maintenance of the Town's Hos-
pital is £10,273. The ordinary expence of the Royal
Infirmary is £ 3200, and that of the general session

£ 2832. These sums, and what are annually expended
for the purposes of the Highland and Humane Socie-

ties, Lunatic and Magdalene Asylums, the Lock Hos-
pital, Buchanan and Graham's societies, and those in-

stitutions which have for their object the distribution

of the scriptures, the education of youth, or the sup-

port of old age, amounts to upwards of £ 3.5,000 per
annum, exclusive of private charities, which are very
great. The writer of this article had a recent oppor-
tunity of receiving these particulars from the respec-

tive secretaries.

r,i;issoTf O" the breaking out of the war with the United
t.-.^imsnt. Slates of -America in 1775, the public bodies and spi-

rited individuals of this city raised a battalion of 1000
men, which was named the Glasgow Regiment. The
subscription in a few days amounted to £ 10,01)0.

In 1795, and at subsequent periods, when govern-
ment found it necessary to embody volunteer corps,

the citizens of Glasgow enrolled themselves into tlie

following corps. The 1st and 2d regiments, the light

horse, the sharp-shooters, the armed association, the
traxles house battalion, tlie Highland regiment, the
grocers' corps, and the Anderston and the canal su-
burbs corps. The greater part of these regiments
found their own uniforms, and served without pay.
When tlie volunteer system gave place to the local mi-
litia, this city completed, and has at this time, five re-
giments in the service of government.

Banks. ^" 16<)5, the Bank of Scotland was established in
Edinburgh by charter, with a stock of £ 100,000 ; and
in 16'9G, a branch was sent to Glasgow, but recalled in
1()97. In tlie year 1731, a branch was re-established,
and again recalled in 1733. In the year 1 74>9, the first

Glasgow bank was opened, under the firm of the Ship
Banking Company. Inl76l, the Thistle Bank commen-
ced business, and some time afterwards, the Glasgow
Arms, and Glasgow Merchant Banking companies were
formed. In 1729, the Royal Bank of Scotland was con-

stituted by charter, a branch of which was established GUsgow

here in 1783. And in 1809, a company commenced ""'"^'7'

business under the firm of the Glasgow Banking Com-
pany.

Exclusive of the above, which are all carrying on -

business to a very considerable extent, (excepting the "J|

Glasgow Arms, and Merchant Bank companies, which. 4

have retired, ) branches from the following banks have
been established, viz. Bank of Scotland, British Linen ^
Company, Paisley and Paisley Union, Greenock, Ren- ^
frewshire, Commercial Bank of Scotland, Aberdeen, Air, 9
Stirling, Falkirk, Leith, Perth, Kilmarnock, Fife, and m
Dundee, &c. JP

In 1815, a provident or savings bank was establish- providai
ed here for the benefit of the lower orders of the com- bank.

munity, wherein deposits of one shilling and upwards
are received, bearing interest at the rate of four per
cent, when the sum shall amount to 12s. 6d. and have

J

lain one month in the bank. When a contributor's de-
posit amounts to £ 10, it is transferred in his or her

i

name to any bank they may desire, and the receipt de-
j

livered to them, and they may again pay in their <

savings, and draw out all, or any part of them, in sums of
not less than six shillings. This institution is placed

|

under the management of a governor, deputy-governor, i

and 28 directors, who all act gratuitously. The ne- !

cessary charges are defrayed from a subscription fund
of upwards of £ 7,090, and from one per cent, on the

deposits, the Royal Bank generously allowing the pro-

vident bank five per cent, for money lodged with
them, while the contributors only receive four per cent.

Although it is little more than four months since the

bank commenced business, there have been 785 ac-

counts opened. During the first three months there

were 590 accounts, amounting in whole to £ 2407 : 9 : 6, .

of which Royal Bank receipts for a730 were given out •

to contributors, £ 1550 : 13 : 3 retained in the Royal
Bank at the credit of the Provident Bank, and the rcsi"

due repaid.

The Glasgow friendly fire insurance company liaving Insurar

been on the decline for a number of years past, was offices
j

dissolved in 1805. In 1803, a company was form- "8*'""
1

ed under the designation of the Glasgow Fire Insurance
Company, with a capital of £100,000 divided into 400
shares. This concern, not answering the expectation

of the proprietors, was given up in favour of the Phoe-

nix office in 1811. Although there is now no fire in-
,

insurance office belonging to the town, there are no less |
>

than 22 branches of the London and provincial offices
;

established in it It is worthy ofremark, that although
the local offices above alluded to have not succeeded,

that the annual increase of duty in four years, ending

1814, paid by 15 of the London offices, amounted to

£61,175.
In 1 735, Mr James Macrae, a citizen of Glasgow, and Si

late governor of the presidency of Madras, presented

to tlie town a metallic equestrian statue of King Wil- i{|„g -^j

liam III. The statue is placed on a pedestal at the cross, liam. 1

bearing an appropriate inscription, and is inclosed by '

an iron rail.
j

In 1812, a full length statue in marble of that great Mf P" i

minister, who conducted the affairs of Britain during an i

eventful period of 26 years, was erected in the town hall, '1

by subscriptions from the citizens of Glasgow. This :

statue, which is e,\ecuted in parliamentary robes, from
j

the chissel of Mr John Flaxman, London, C' '* upwards '

of £ 1 300, and has the following inscription, Gulielmo I

Pitt Gives (Uiisgiienses posuerunt A. D. MDCCCXII.
In 1809, this city lost one of her bravest sons, by the Sir Jo;

{

death of Sir John Moore, who, at the head of the British ^'"^
J

I
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army in Spain, fell gloriously in the arms of victory, on
the plains of Corunna, and was buried in the citadel of

that town. Wlien the accoiints of his victory and death

reached his native town, a sul>scription, amounting to

upwards of £400'), was immediately completed, and a

bronzed pedestrian statue ordered to be erected to his

memory it» some conspicuous part of the city, under the

direction of Mr John Flaxman, London.
The university was founded, as before mentioned,

in 14)0, in virtue of a bull obtained from Pope Nicho-
las V'. by the solicitation of James II. and William
Tumbull, Bishop of Glasgow. This institution, while

in its infancy, consisted of a chancellor, rector, dean of

facult}-, a principal, who taught theology, and three

professors of philosophy. At the Reformation, this

semin:iry suffered very materially ; and it was not till

after .lames V'l. had granted a new charter of erection,

and bestowed on it the teinds of theparish of Govan, that

it recovered from the shock which it had received. In

1617, the teinds of the parishes of Renfrew and Kilbride

were annexed and ultimately conferred on it. In UiSO,

the temporalities of the bishopric of Galloway were ad-

ded ; and in 1670, the teinds of Cadder, of Old and New
Monkland, were conveyed to the college, by charter

from Charles II. In 1693, after the Revolution, the

stim of £ 300 per annum was granted to eacli of the

Scottish universities, out of the property of the abolish-

ed bishoprics of Scotland ; and the better to insure the

payment of this sum, this university obtained from the

Ci-own a lease for 19 years of the teinds of the archbi-

shopric, which has been periodically renewed ever
since. These teinds, and the annual returns from he-

ritable property, and donations received from indivi-

duals at various times, constitute the fund from which
the professors' salaries, and certain stipends are paid,

the college buildings supported, and the other concerns
ofthe university maintained. From its erection down to

the present time, the number of professorships have been
increased. At present, the estiiblishment consists ofa lord

chancellor, lord rector, dean offaculty, a reverend princi-

pal, a reverenil professor of divinity, professors afchurch
history, oriental languages, natural philosophy, mathe-
matics, moral philosophy, logic, Greek, humanit)', civil

law, medicine, anatomy, practical astronomy, and the re-

gius professors ofnatural history, surgery, and midwifery.
The crown presents to the following chairs, viz. the prin-

cipality, church history, civil law, medicine, anatomy, as-

tronomy, natural history, surgery, and midwifery. The
college elects the chancellor, tlie dean of faculty, and the
professors of divinity, oriental languages, natural phi-
losophy, mathematics, moral philosophy, logic, Greek,
atnd humanity. The rector and dean of faculty are

chosen annually. In choosing the former, the mode of
election is materially different from that of the other
office-bearers. He is elected by what is called the Co-
mitia, that is, a court consisting of the office-bearers and
professors, and all the students who have matriculated,
by enrolling their names, and stating the place where
they were bom, and the name of their father and his

designation, &c. This court consists nearly of 1000
members, is divided into what is called the four na-
tions, viz. the Glottiana, Transfortliana, Loudoniana,
and Rothsaiana. The majority of the members of each
nation constituting one vote, in case of an equality, the
rector has the casting vote. It has been usual to re-

elect the rector tor one year only. The regius profes-
sors have no vote in the faculty, except for the dean

;

they, however, vote in the Comitia, in common with the
matriculated members.
The college has a number of burearies in its gift.

Among others, there arc ten for Baliol college, on Mr Glugoir.

Snell's mortification, at £70 each, arising from an estate '"""^r"""'

in VVarwickshire. This di.itinguishe<l seminary has
produced, at various times, some of the most eminent
literary characters of the age in which they lived.
Among others, may be ranked the names of the celebra-
ted poet and historian George Buchanan, Archbishop
Spottiswood, Principal Leechman, Adam Smith, Hut-
chison, Rcid, CuUen, and Hunter.
The Lite celebrated Mr John Anderson, professor of AndcrjoBi-

natural philosophy in the university of this city, by his »" Institu-

last will, disponed and conveyed his valuable apparatus, ''"'°*

museum, and library, and his other effects, to 81 trustees,
whereof nine were to be tradesmen, nine agriculturists,
nine artists, nine manufacturers, nine physicians and
surgeons, nine lawyers, nine divines, nine natural phi-
losophers, and nine kinsmen or namesakes, for the pur-
poses of establishing a college in this city, for the arts,

medicine, law, and theology. At the professor's de-
cease, his trustees were incorporated by charter in 1795.
Pecuniary and other considerations have hitherto limit-
ed the plan to physical science, comprehending natural
philosophy, chemistry, materia medica and pharmacy,
mathematics, and geography. Popular ancf scientific

lectures, from its commencement, were continued to be
delivered to both sexes, in this institution, by Dr Gar-
net, with great approbation, till in 1799 he received an
appointment in the royal institution of London, which
had been formed on the model of this primary institu-

tion. Dr Garnet was succeeded by Dr Birkbeck, who,
in addition to the branches taught by his predecessor,
introduced a familiar system of philosophical and me-
chanical information, to 500 operative mechanics, free
of all expence, exclusive of the exhibition of an exten-
sive apparatus ; particular models illustrative of the
arts, were introduced. A subscription library for the
use of this class, has been productive of beneficial ef-

fects.

The late celebrated Dr William Hunter of London, Huoterian
was born in 1718, at East Kilbride, a village about MuseuiTu

8 miles south-east from this city, and was educated at

this university. By his last will, he left his splendid
and very valuable museum in trust to the professors of
the college of Glasgow, to be received by them a cer-
tain number of years after his death, which happen-
ed in 1783. This collection was brought to Glasgow
in 1808. It consists of minerals and fossils, plants,

shells, fishes, beasts, birds, insects and reptiles, books,
rare and valuable manuscripts, anatomical preparations,
antiquities, original pictures from the most eminent
masters, and many other productions of nature and art.

The coins and medals are of the first consideration ; tlie

whole is estimated at £ 1 50,000. This collection is

placed in a building erected in the college garden for

the express purpose ; and is shewn to the public on ap-
plication to the trustees.

The royal infirmary is a noble institution, supported Royal In-
by voluntary contribution. By its charter, the manage- Snnaiy.

ment is placed in the lord-provost, who is, ex officio,

president; the member of parliament; the dean of
guild ; the convener of the trades-house ; the professors

of medicine and anatomy ; the president of the faculty

of physicians and surgeons ; one member from the
town-couucil, merchants and trades-houses, and college;

three from the faculty of physicians and surgeons

;

and ten from the general court of contributors. From
31st December, 1813, to 31st December, 1814, there

have been admitted to the hospital 12fi7 patients, of
whom 855 were medical, and 412 surgical; 0'66 of the

gross number were men, and (iOI women Qf 104
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distinct diseasfs, with wliich the patients Mfere aflflicted,

' tliere were 15t cases of fever, and 52 operations per-

formed; 7j8 patients were oired, 100 relieved, 102

died, 1 32 remained in the hospital, and the remainder

were eitlier convalescent, improper, or incurable. Since

the opening of the infirmary in 179K there have been

admitted 15,036 patients; of which number 10,325

have been cured, and a considerable number of the re-

mainder relieved. During the above period, advice has

been given at the infirmary to nearly 40,000 out pa-

tients. The subscriptions for 181 4 amounted to c6l<)01

.

lis. 5d. ; contributions, £152: 11:6; legacies, £522,
6s. 9d. ; and the fees from medical students for leave

to attend the hospital, £ 597 : 15 : 1.

This institution is supported by fixed contributions

from the town council, merchants, and trades houses,

and general session ; but chiefly from an assessment on

the inhabitants, laid on by 1.5 persons not connected

with the town council. The mode is, to assess every

person, in proportion to his property and business, with-

in the burgh, who is supposed to be worth £300. In

1814., there were 484 persons in the hospital; 795 out

pensioners, who received nursery wages for their

children ; 738 out pensioners, who received meal from
the hospital; making a total of 2017 on the funds.

The average cost of each pereon in the hospital, in 1814,

is £9 : 15s. per annum ; the quantity of meal used in

1814, is 2302 bolls. The rate of assessment on every

£100 of supposed property in the burgh, 3s. 6d. ; va-

luation, £5,830,700; amount of assessment, £10,273.
This institution was opened on the 12th December,

1814, when 23 male and 18 female patients were ad-

mitted. Since the opening, a period of only 1 1 months,

112 patients have been admitted; of whom 24 have
been cured, six relieved, one died, six discharged being
idiots, and 75 remained in the asylum. The rates for

-the support of paupers belonging to Gla.sgow, or those

parishes who have contributed £50 for every 1500
persons in the parish, is 8s. ; and for those who have
no claim, 10s. 6d. per week. The rates for boarders

are from 13s. upwards. Although there are at present

no boarders in the asylum whose rates are higher than
31s. 6d, per week, every suitable accommodation is

provided for the higher ranks.

As a few months have only passed since this institu-

tion was opened, no distinct statement of its affairs can
be given. There are at present 14 penitents in the
asylum, whose conduct gives the managers the hap-
piest presage of future usefulness.

The affairs of this asylum, for the reception and cure
of unfortunate females, are, by its charter, placed un-
der the management of one member from the town
council ; one from the merchants and trades houses

;

one from the clergymen ; two from the fiiculty of phy-
sicians and surgeons ; and eight from the court of con-
tributors. From 31st December, 1 813, to 31st Decem-
ber, 1814, there were 128 patients admitted, whereof
118 were cured, one died, and nine remained in the
hospital. The expenditure of 1 8 1 4 was £ 447 : 1 4 : 1 4.

Although no proper patient was refused admittance,
the number has this year happily diminished nearly in
the proportion of one-third from former years.

Altliough it will not be expected that, in a manu-
facturing and commercial town like Glasgow, there
would be libraries on a very extensive scale, there arc
nevertheless to be found in the collection of the college,
the Hunterian museum, the faculties of physicians, and
surgeons, and procurators, books of the utmost value
and consideration, in every branch of literature. The
books in the public subscription and circulating libra-

ries are on a scale suited to the extent of the place. In
1810, the following newspapers were published here:

—

the Courier, Herald, .Journal, Chronicle, Western Star,

Clyde Commercial List, and Centinel. The two last,

which were weekly papers, are now discontinued.

Prior to 1 806, the citizens had no other supply of wa- Water

ter than from 28 pum[>-wells in the streets. As some of Compani

these were very limited, and the water often of a bad
quality, a number of the inhabitants, in 1S()6, procured H

an act of Parliament incorporating them into a com-
pany for supplying the city and suburbs with water, \

vmder the name of the Glasgow Water Works Com- J
pany. Accordingly, this corporate body purchased lands G'asgoiT

at Dalmarnock, on the banks of the Clyde, about three "'"'P'*T-

miles above the city, where they erected steam-engines,
filtering pits, and reservoirs, &c. antl now send river ..

water, in a pure state, in iron pipes, through the streets !

and lanes of the city and suburbs, (pr the accommoda- i

tion of all those who choose to purchase it. The ex- ,i

penditure of the company up to April 1815 is £81,194, U
9s. 7d. The produce of water rents for one year, end-

~
ing at same period, is £5971 : 8 : 7, which is raised in

advance from the following rates, viz.—persons occu-
;

pying a dwelling-house rented under £4, pay 59.
|

per annum; £4, and under £6, Cs. per annum; £6, i

and under £8, 7s. 6d. per annum; £8 and upwards !

five per cent, per annum. Bakers pay 5s. per annum I

for each man or boy employed in the bakehouse. The i

keepers of horses and cows, 4s. for each. Counting-
f

houses, shops, and warehouses, pays from .5s. to 1 Os. ;

and public works according to the quantity of water
used. The cast iron pipes, belonging to the company,
laid in the streets and lanes within the royalty, exclu-

sive of the main from Dalmarnock, and pipes in tile

suburbs of Gorbals, Calton, Bridgetown, &c. amount to

seventeen miles, four furlongs, and three poles.

In 1 808, a number of jier.iions, coimected with the Cranston

suburbs, obtained an act of Parliament, incorporating ' "

them into a company for supplying the city of Glas-

gow and its suburbs with water, under the name of the

Cranston Hill Water Company. Accordingly, they
|

purchased lands at Cranston Hill, and on the banks of
;

the river, about a mile below the city, and erected

steam-engines, filtering beds, reservoirs, &c. and now I

send Nver water, in a pure state, in iron pipes, through '\

a number of the streets and lanes of the city and
suburbs. The expenditure of the company is £52,000. '

The water rates are nearly the same as the Glasgow
j

company. The cast-iron pipes belonging to this com-
pany, laid in the streets and lanes within the royalty,

exclusive of the main from Cranston Hill, and the pipes

in the suburbs of Anderston, Gorbals, Calton, and
Bridgetown, &c. amount to nine miles, four furlongs,

and eleven poles. The total length of pipes within the

royalty, belonging to both companies, is 27 miles, and
i

.

fourteen poles.
|
f

The affaii-s of the river Clyde are placed, by act of f^'V^e ^;
'

parliament, under the management of the magistrates '''g*''*''' -

and council. The revenue arising from tonnage, cra-

nage, and harbour dues, collected at the Broomielaw,

amounted, in 1814, to £5,920, 2s. 8d. Those dues are

kept distinct from the corporation's funds, and are laid

out in deepening and improving the river and harbour,

and in discharging the debt of the trust.

Prior to 1800, the police of the city was under the Police I"!

sole managtineut of the magistrates and council, and blishmtj-
.^

supjiorteti from the corporation funds. In ISOO, an act !
'

of ) f-rli; nient was obtaii.ed, vesting the management in

the lord provost, map"strates, dean of guild, convener, t

and 24 commissioners, to be chosen by the inhabitants.
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The commissioners are authorised to asMSS the inhabi-

' taiits of houses, shops, and wnrehouses, &c. for tl>e pur.

poses of ihc act. The executive power is vested in the

Tuaf(i''trati's, and the administration of all its other affairs

in the magistrates and ward commissioners. The com-

missioners hold .stated weekly and (luarterly boards,

and numerous committees watcli over the particular

concerns of every department. This act benig m force

for seven years, gave the inhabitants an opportunity of

observing its beneficial consequences ; accordingly, in

1807, anew act was obtained, without requiring any

material alteration, other than that the rate of assess-

ment was increased on rents of £4-, and under £6, from

4d. to 5d. in the pound ; £6, and under £10, from 6d.

to 7 id. ; <£I0, and under £ 15, from t}d. to 1 l^d ; £l5,

and upwards, from Is. to Is. 3d. The commissioners,

under this act, have merited and received the ge-

neral approbation of the citizens, who have rarely been

called on for the maximum rates.

Abstract Statement of the Receipts and Disbursements

for the year ending 25th July ISl*.

Sum contributed by the city of Glasgow £800
Amount of assessment 0734 2 2

Dung of the streets 652 2 9
Amount of fines 1 57 9

Disbursements. £8343 5 8

Salaries to the master, clerk, collector, trea-

surer and surveyor £640
Wages to 19 officers 793 10 5

78 watchmen, at lis. per week 2230 l6
8 patrole, at 2s. per day 249 12
15 scavengers, at lis. per week 429
1 ditto, 15s. ditto 39

Carting dung from the streets 455 8 8
Lighting 1264 lamps, from 20th August

to 5th .May 2569 16
1 ditto part of the season, 12 6 10
Oil for watchmen's lamps, clothes to officers

and watchmen, rent of office, fire> engines^

and secret service money, 923 15 9

£8343 .5 8
In 1807, a renewal of an act of Parliament was ob-

tained, appointing the magistrates and council trustees

of statute labour conversion within the city, and autho-
rising them to assess the inhabitants of dwelling-houses,
whose rents are under £5, in 2s. yearly ; £5, and un-
der £lO, 3s. yearly; £l0, and upwards, .53. yearly;
horses, 15s. each; and each ploughgate of land, (60
acres, ) at 609. : the following persons being always ex-
empted,—clergymen, parochial schoolmasters, militia

men enlisted under the act of 1779 and 1782, and pau-
pers. The nett proceeds of 1814 are £ 144.5, which is

all expended on the streets and common sewers.
This city has long been conspicuous for the number

and excellence of its seminaries. In 1814, there were
more than 1400 students attending the university. Of
this number 800 were enrolled as students of philoso-
phy, and of the Greek and Latin languages, . . 1400
In the Andersonian institution there are 280 stu-

dents instructed in natural philosophy, che-
mistry, materia medica, and mathematics, . . 280

The principles of natural philosophy and mecha-
nics are explained to 490 operatives, at a mo-
derate fee, 490

In the private lecture rooms instruction is given
to 210 metlical studentSj 210

In the public grammar-school there are four.

3
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teachers of the Latin, and a rector, who gives Glaigov.

instructions in the Greek and Latin lan;;uuges, ""^"y^^

and in geography. The number of students

in this seminary are 520

Amount, where a full fee is paid, 2900

The following are benevolent foundations, in which
all the children receive a substantial educntion, and
some of them clothing and money annually:

In Hutchison's school there are ... 84 boys.— Trades-house school, 108— Wilson's school, , . . . . 60— Town's hospital, with addition! _ fboys and
of maintenance, j '

(^ girls.— Miller's school, 60 girls.

The Higiiland Society educate and
put out to apprenticeships 80 boys.

Tlie Highland Society also educates 60
boys and girls belonging to High-
landers, 60

In Lennox's school, 52 girls.

— Fleshers school, | 55 V^^^l
^^'^

-

— Peddie's school, 45 girls.

— Eoutledge's school 70 girls, em-
ployed at the public works, are

taught, in the evenings, to read,

sew, knit, and spin, 70
In the six schools under the patron-

age of the kirk-sessions, there

are 450 boys and girls taught

to read and spell, 450

On benevolent foundations, where! ,0, >

no fee is paid, j
In the Lancasterian schools a small

fee is exacted, 560
In the Sunday schools, under the in-

spection of a committee from the

town council and general session,

800 boys and girls are taught to

read the Bible, and repeat the

Shorter Catechism, gratuitoiifly, 80O
In the Sunday schools, under the

,

joint management of members of

session ana dissenters, 17^0 boys

and girls are taught to read the

Scriptures gratuitously, 1740'

In 1799, the presbytery of Glasgow
ascertained, that tliere were 60
private schools in the city, where-

in the various branches of elemen-

tary education are taught, at va-

rious rates,- in addition to sudi as

are above described. If we sup-

pose, that, during the course of 1

6

years, the number of these schools

have increased to 75, and that

e.nch school averages 45 children,

the total will be 3S7.'5

Total of persons educated within 7 i n 58Q
the city, J '.

A number of these schools have juvenile libraries at-

tached to them.

This city is the chief seat of the synod of Glasgow Ecdssiasti-

and Ayr, aiul of the presbytery of Glasgow. The niem- cal stutg.

bers of the latter are the ministers of tlie city, wf the
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Glasgow, barony, Gorbals, Rutherglen, Cumbernauld, Cartnun-

^~"^f^7' nock, Calder, Campsie, Govan, Kirkintilloch, Kilsyth,

aTstett''"
^^^^^^> ^nd Eaglesham, and their elders. The synod
is composed of seven presbyteries, vix. Glasgow, Ayr,
Irvine, Paisley, Hamilton, Lanark, and Dumbarton.
At the Refm-mation, one minister, who was super-

intendant of the western district of Scotland, officiated

in Glasgow, and had the pastoral charge of all its in-

habitants: in 1583, the session of Glasgow was regu-

larly constituted, of 1 minister, 35 elders, and 26 dea-

cons. In 1 590, although the lay members of session

were numerous, we find the minister had summoned an
inquest from the neighbourhood, to assist him in jud-
ging of matters of scandal. Soon after this period, pub-
lic worship was performed in three churches : during
subsequent periods, commencing about the time of the

Revolution, the town has been divided into eight se-

parate parishes. The patronage of the original one is

vested in the crown, the town-council electing all the

other clergymen.
The places of worship within the city are now as

follows :—nine parish churches, including the barony,
four chapels connected with the establishment ; one
covenanted presbyterian, one antiburgher, three burgh-
er and three relief meeting-houses ; two tabernacles ;

one English and one Scotch Episcopalian chapel ; one
independent, two baptist, and two methodist meeting-
houses ; one Roman Catholic and one unitarian chapel.

The Glassites, Bereans, universalists, &c. have all places
of worship. The number of sittings in the whole are

35,550.

In the summer of 1811, Mr Henry Bell, an inge-
nious engineer of this city, .constructed and plied be-
tween Gla.sgow and Greenock, the steam boat Comet,
performing a voyage of 22 miles in three hours and a
half, by means of an engine of three horse power. This
vessel was the first which was impelled by steam on a
navigable river in Britain. Since tke above period, the
following vessels have been built by various persons,
and are now plying on the river, viz. the Glasgow, the
Clyde, the Dumbarton Castle, the Britannia, the Cale-
donia, the Argyle, the Greenock, the Duke of Welling-
ton, the Prince of Orange, the Princess of Wales, the
Trusty, and Industry, the two last mentioned being
constructed chiefly for trade, carry each 70 tons of
merchandise ; the Prince of Orange, and the Princess
of Wales, boats, have accommodation for 120, and the
others for '220 passengers. These vessels are work-
ed by engines of from 10 to 32 horse power ; the ave-
rage time of performmg a passage of 22 miles is re-
duced to three hours; when the wind and tide are both
favourable, the voyage can be completed in little more
than two hours; but when adverse, it is prolonged to
three and a half, or even four hours : the present fare
for the cabin is 4s. and for the forecastle 2s. 6d. Ex-
clusive of the vessels which are at present plying on
the Clyde, the Duke of Argyle and Margery steam
boats, carrying each 220 passengers, are now on the
Thames, they were carried round by the Forth and
Clyde navigation, a distance of more than 500 miles

;

one of these boats encountered and weathered a very
heavy sea. Steam boats from the Clyde are also ply-
ing on the Mersey and Forth.

>te»m
Boate.

Uaths.

carrying on manufactures and commerce. Placed on the

border of one of the richest coal and mineral fields

in the island, with which it communicates by the Monk-
land Canal, while for carrying off its commodities, and
receiving returns, the Atlantic is open to it on the one
hand, through the river Clyde, and the German and
North Sea on the other, through the Forth and Clyde
canal and river Forth. .

Before the year 1707, th^re had been different

branches of manufacture begun at Glasgow, particular-

ly the manufacture of coarse linens ; and a considerable

trade had been carried on with Holland. The union
of the kingdoms at this period having opened the co-

lonies to the Scotch, the merchants of Glasgow availed

themselves of the circumstance, and entering extensively

into a trade with Virginia, soon made their city the

great mart for tobacco, and Glasgow became the chief

medium through which the Farmers General of France
received their supplies of that article. To so great a
height was this branch of commerce can'ied, that for

several years before the war, which ended in American
independence, the annual imports of tobacco into the

Clyde were from 35,000 to 45,000 hogsheads; and in the

year immediately precetling that event, 57,143 hogs-

heads were imported. Only from 1 200 to 1300 hogs-

heads of these were sold for home consumption.

The trade, while it continued, engrossed almost the

whole capital and commercial enterprise of Glasgow
;

very little other foreign trade was attempted, and any
manufactures that were, carried on, were chiefly of ar-

ticles adapted to the demands of the Virginia market.

Supplying that state with European goods, and taking

of the produce of its soil in return, became, in a great

degree, a monopoly in the hands of the Glasgow mer-
chants.

There had, as eai-ly as the year 1732, been a begin-

ning made in a trade with the West India Islands, but

up to the year 1775, the business was confined to a few
houses, and had not been very beneficial. The import*

of West India produce into the Clyde in the year 1775,

were as follows : Sugar, 4621 hogsheads and 691 tierces;

rum, 1154 puncheons and 193 hogsheads; cotton, 503
bags.

The interruption of the intercourse with America,

now forced the traders of Glasgow to turn to other ob-

jects, the enterprise and capital which the commerce
with that country had nearly wholly engrossed. They
began more generally to direct their attention to ma-
nufactures ; and the discovery then just made by Mr
Arkwright, of the improved process of spinning cotton

wool, a few year.s after this period, led to attempts in

the different manufacturing towns to bring the manu-
facture of muslins into this country. The cambric and
lawn manufacturers of Glasgow embarked in the un-

dertaking, and, aided by the facility which a similarity of

the fabrics afforded, were successful beyond their most

sanguine expectation. The progress of the cotton ma-
nufacture at Glasgow after this was rapid, a number of

spinning works were established, and most of the dif-

ferent fabrics of cotton cloth were executed. Dyeing

and printing of linen and cotton cloths, a branch of

manufacture which had been going on for some time on

a limited scale, was now greatly extended, and furnished
Some years ago an extensive rajige of hot and cold employment to a large amount of capital. A number of

baths were erected in Bath Street, a short distance from other manufactures of linen, woollen, iron, and pot-
George's Square. A model has been approved of for tery, and of the other articles subsidiary to more ira-

floating baths, intended to be erected on the Clyde du- portant branches, were prosecuted on a smaller or great-
ring the ensuing summer. er scale, and continued to extend as the general com-
The situation of Glasgow is singularly fiivourable for merce of the city advanced. The manufacturers of

5
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Glasgow, who, till this period, had princi^ially looked
for a vent for their ;;oodi to the dciuands of their own

. export merchants, now bofjan to open a more extensive
sale to London and other pnrts oi' England, and goiii<r

ovor to the continent, funned connections with almost
every country of Europe.
The nunilier of cotton mills belonj^io^ to Glasgow,

situated in the to'vn and difftTent parts of the country,
is .5'2. The spindles in these are calculated at 51 1,200 ;

and the capital employed in the buildings, machinery,
and in carrying on the manufacture, at ahoutjC 1,000,000.
Two of these mills, not yet finished, and now filling

with mnchinery (IS 1 6), will cost £50,000 each.

The first spinning works were established at a dis-

tance from town, for the convenience of water for the
machinery ; as the Dadindalloch and Down mills, which
are in Stirlingshire, die Catrine mills in Ayrshire, the
Lanark mills, and the Rothsay mills in the island of
Bute, all tile propei-ty of houses in Glasgow.
No positive estimate of the amount of the cotton ma-

nufacture, in all its branches, can tie given ; but some
facts may be mentioned, from which an idea of its ex-
tent will be derived.

Belonging to Glasgow there are eighteen works for
weaving by power, which contain 2800 looms, produ-
cing about 8400 pieces of cloth weekly. The number
of hand looms employed by the manufacturers of Glas-
gow, at this date, appear, upon a pretty careful inves-
tig.ition, to be about 32,000.

There are eighteen calico printing works belonging to
Glasgow ; and there has lately been added to this branch,
an extensive manufacture of Bandana handkerchiefs, in-

troduced by Messrs Henry Monteith, Bogle and Compa-
ny, the cloth for which, being ilyed a fine turkey red, the
pattern is afterwards produced, by discharging the co-
lour of the figure by a cliemical process.

There are 1 7 calendering houses in Glasgow, contain-
ing S9 calenders moved by steam, which execute more
than tour times the quantity of work performed by the
same machinery when movetl by horses. One of these
houses employs II9 hands in calendering and folding
the goods ; and the whole of these establishments are
able to calender in a day 118,000 yards, besides dress-
ing 1 16,000 not calendered, and glazing 30,(X)0.

There are nine iron founileries in Glasgow, and se-

veral extensive works for making steam engines, with
the machines and machinery required for the different
processes of manufacturing. It was not before the year
1778 or 1779 that the power of the steam engine, in
consequence of Mr Watt's inestimable improvements,
•Was found to be applicable to manufacturing operations;
and it was many years id\er that period, before it was
brought into general use. There are now 7.f steam
engines in Glasgow and the immediate suburbs, of
a power of from four to fifty horses employed in the
different processes of manufactures.
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The removal of the royal family of Portugal to Ame-
rica, having opened the trade of the Brazils to foreign,
ers, the merchants of Crlasgow immediately formed
establishments there, and have continued since to have
a profitable intercourse witJi tliat country. Estabhsh-
raents were also made at Buenos Ayres and the Carac-
cas, as soon as these parts of America began to assert
their indepeixJence ; but the coramerce with these states
has hitherto been fluctuating and hazardous, from the
situation in which their affairs have been kept.

Upon the conclusion of the peace of 1783, .in Trade wiih

intercourse was opened by the merchants of Glasgow America,

with the different states of the American Union
;

and the inti-oduction of the cultivation of cotton
wool, a few years after, into the southern states,

furnished the means for a great increase of this trade.
Indeed, without this new field to supply the quantity
of the article which the growing demands of the ma-
nufacturers required, and of the qualities suited to the
different fabrics to be made, this important branch of
industry never could have reached that high state at
which it has arrived. The bringing home this article
for the manufactures of Glasgow, and sending out the
returns, became a great trade, and led to the formation
of establishments for carrying on this part of the bu-
siness at Charlestown and New Orleans. 'I'he imports
of cotton-wool into the Clyde, for the last four years,
h<(ve been as follows.

18IS,

Charlestown and Savannah 5358
New Orleans 2586'

Other American ports . . 1971
Brazil 5099
Demerara 7iii6
West Indies 7475
Contineut of Europe
Coa.stwise 8'i46

1813. 1814.

Bags. Bags.

1815. Imports of

Bi^ cotlon wool

8234.

7367
5627
11212

719*

1859
310"8

6937
9786
435

16302

9014
2224
2737
1345
S76'4

^057
504.

4786

into the

Clyde.

^0Its of

It India

luce.

Besides the trade with these parts of America whidi
have been mentioned, the merciiants of Glasgow have
large dealings with Canada and Nova Scotia.
The rapid progress making in the use of mechanical

power in manufactures, is particularly favourable to the
growing prosperity of Glasgow, from the inexhausti-
ble supply of coal it possesses for working machinery.
This, with the adv:intage of water communication in

rp, -
.

every direction, renders it, almost more than any other
t lie war of 1, 93 having tor a time brought into our place, fitted for carrying on inaiuifactuvcs of a heavy or

possession the VI est India colonies of the other European bi" .
'

.

,
, _.

>

states, the West ndia merchants of Glasgow obtained a
large share of the trade which this circumstance threw
into the hands of this country. The connection with
Demerara in particular, which it gave them the means
of forming, proved valuable, and is now likely to be
laslhig. The imports of West India produce into the
Clyde, for the three last years, have been as follows.

1812.

!Hog,]ieads 2S8fi2

BiirreU 5868
Boxes 100

VOL. X. PART I.

181.3. 18H.
36o:i7 40004.

40;i8 3712
7248 5262
2660 8703

bulky nature, and must have the effect to bring many
new branches of industry of this description to be added
to those which it already has. This city, then, pro-
ducing thus u great variety of articles for exportation,
and caiTving on, at tlie same time, a very extensive fo-
reign trade, seems to combhie all the requisite to raise
it to the highest commercial eminence. The revenue
of the post-office at Crlasgow, in the year 1781, was
£l3i\ :3:S; in 1814 it was .£ J4,000.

Connected with the commerce of Glasgow is the in- Chamber of
stitution of its Chamber of Commerce and .Manufac- Commerce,
tures, the first establishment of the kind made in the
island. This association was incorporated by a royal

2«
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Glasgow, charter in the year 1783, and owes its origin to Dr
""V—' Patrick Colquhoun, author of the Stale of the Police of

London, and other works, and at that time a merchant

in Glasgow, and one of its most enlightened and public-

spirited citizens.

The chamber consists of the merchants and manufac-

turers of Glasgow and the neighbourhood, who may
become members upon paying five guineas at admis-

sion, and 10s. (id. yearly. The management is vested

in thirty directors, six of whom are renewed annually ;

and their duty is to keep a watchful eye on whatever

may be supposed to affect the commercial interests of

Glasgow and its neighbourhood, and, at the same time,

to serve as the organ of communication between the

manufacturing and commercial body of the district,

either acting generally or separately, and the legisla-

ture or any of the departments of the state.

In 1780, the number was 42,832 In 1791, . . 66„';78

In 1785, 45,889 In ISOl, . . 83,769

Census of \&\\.

11,159 South-west .... 8193
9940 St Andrew's . . . 5250
4190 St Enoch's .... 7715

Population

of the city

tend, sub-

urbs.

North parish ,

North-west . .

West

East ........ 6159 Govan ..... . 8081
South 5758 Barony or Landward
Gorbixls 5799 parish 38,2 16

Total population . . . 110,460.

In 1815, the number of families in the 24 police

wards, who paid taxes on reiits under £ 5 per annum,
was 7455

Do. on rents of j£ 5 find upwards 5272

Number of families in the 24 wards . . 12,727

On the principle of there being an average of five souls

in each family, the number of inhabitants in the 24
w.ardsofthe royalty would be 63,635 ; being an in-

crease of 5271 during the period of four years. If to

this number the population of the Gorbals, Govan, and
Barony be added, as taken in 1811, the amount will be
115,731 ; and if we suppose the increase of these sub-
urbs for four years to be 426y, the grand total in 1815
will be 120,000.

In 1814, there were inteiTed in the burying-grounds
within the royalty, and in the immediate suburbs, 3254

In the year 1813, 2704

Increase of burials in 1814 570
(c. J.)

Mortalll

bUU.

G I. A S S.

Glass.

Oripn and
; history.

V^Tlass is the name of an artificial substance, formed
by the igneous fusion of siliceous earth with various

salts .ind metallic oxides, and possessing a high degree
of transparency, equalled only by the more perfect crys-

tals of the mineral kingdom, and other physical pro-

perties, which render it one of the most useful and or-

namental substances which the arts have received from
the ingenuity of man.
The word glass is of uncertain etymology. It has

l)een derived by some from the word gle.ssinn, the name
which the ancient Gauls and Germans gave to amber,
and from which has arisen the German word gleisser,

" to shine," and the English word glisten ; while others
have traced it to the word glastum, the Latin term for

woad, either because the ashes of this plant were used
in the manufacture of glass, or because glass had com-
monly that blue tinge which the Britons communica-
ted to their bodies by the use of the woad. Its deriva-
tion from the Latin word gtacifs, signifying ice, is not
less probable than those which we have mentioned.

It would be a task as irksome to ourselves, as it

would be unprofitable to our readers, to detail the un-
founded speculations which have been accumulated re-

specting the origin of this remarkable substance.
There is some reason to believe that glass was made

by the Phenicians, the Tyrians, and the Egyptians.
Paw and other antiquarians maintain, that the first

glasshouse was constructed at Diospolis, the ancient ca-

pital of the Thebais ; but it appears from the writings
ofthe ancients, that the Phenicians had made considera-
ble progress in the manufacture of glass; and Pliny
informs us that the Phenieian colony of Sidon obtained,
for some hundred years, the chief ingredients of their
glass from the Phenieian town Acco, now St John
D'Acre, near the place where the small river Belus
throws itself into the Mediterranean.
The account of the origin of glass, which Pliny has

handed down to us, is extremely plausible. A merchant
vessel laden with nitre or fossil alkali, having been driven

ashore on the coast of P,ilestine, near the river Belu3,

the crew went in search of provisions, and accidentally

supported tlie kettles on which they dressed them
upon pieces of fossil alkali. The ri\er sand, above
which this operation was perfumed, was vitrified by
its union with the alivali, and thus produced glass. The
important hint which was thus accidentally obtained,

was soon adopted, and the art of making glass was gra-

dually improved. *

In the time of Pliny, glass was manufactured out of

the fine sand which was collected at the mouth of the

river Vulturnus. After being ground to powder, it

was mixed with three parts of nitrous fossil alkali, or

soda, and after fusion it was taken to another furnace,

where it was formed into a mass called ammonilrum,

and converted into a pure glass. A siniil.ir method of

making glass was used in Sp.iin and Gaul.

Pliny informs us, that in the reign of Tiberius an

artist had his house demolished for making glass mal-

leable, while Petronius Arbiter asserts .that he was be-

headed by the emperor. About the commencement of

the Christian era, drinking vessels were comtnonly

made of glass, and glass bottles for holding wine and

flowers were in common use. The company at Rome
which was engaged in the manufacture of glass, had a

particular street assigned to them near- the Porta Ca-

pena. Alexander Severus imposed a tax upon this

company in A. D. 220, which was continued in the

time of Aurelian.

The art of making coloured glass seems to have been

coeval with the invention of glass itself Many of the

Egyptian mummies, one of which is in the British Mu-
seum, are ornamented with beads of variously coloured

glass, which could not have been executed without a che-

mical knowledge of the properties of the metallic oxides.

By what processes these coloured glasses were formed,

it is not easy to .iiscover, as the ancients were not ac-

quainted witii the mineral acids which are now usually

employed in the preparation of metallic oxides. Strabo

• " Fama est, ailpulsa nave mercatorum nitri, cum sparsi per littus cpulas pararcnt, nee essct cortinis attollendis lapidum occasio,

glebas nitri e niive subdidisse. Quibus accensis penni.tta arena liltoris, translucentes novi liqiioris (iuxisse rivos, et banc fuisse origi-

'oem vitri." Plm. lib. xxxvi^cap. 6i.
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was toUl by the workman of Ak'x«ndria, tliat their

country prothicod an ingrcch'ent for niakinjj coloured

plass ; and JScncca informs us, thai Doinocrittis intro-

(hiccd into Europe the art of making coloured glass,

and of thus imitating the precious stones. But from
whatever source this curious art was derived, it was
brought to a high degree of perfection among the

Greeks and Romans; and many of the gems were so ad-

mirably counterfeited, as to deceive even those who
were intimately acquainted with the study of minerals.

In the time of Augustus, the Roman architects made
use of glass in their mosaic decorations ; and several

specimens of this glass have been found among the ruins

of tlie villa of the Emperor Tiberius, in the island of Ca-
pri. Some of these specimens have been examined and
analysed by Klaproth. They consist of pieces of red,

green, and blue glass.

IrothV The first of these is of a lively copper red colour,
' perfec-tly opaque, and very bright at tlie place of re-

' cent fracture. The green glass has a light verdigris co-

lour, is opaque, and has a scoriaceous shining fracture.

Two hundred grains consisted of

Giecti Glasd.

130 grains.

15

20
7

11

13

n;'rc<;n

li.

Bed Glass. Gr

Silex . . . . . 1*2 . . .

Oxide of lead . 28 . . .

Oxide of copper . 15 . . .

Oxide of iron 2 . . .

Alumine . . . 5 . . .

Lime . . . . 3 . . .

1S6 196

^>ffonn-

Inictiires

fclT"

The blue glass had a sapphire colour, verging to-

wards that of smelt, and was transpHrcnt at the edges

only. Some of the |)lates of it are not coloured through-
out the whole of their mass, but only through about
two-thirds of their thickness. Each of the strata is so

distinct as to give the appearance of a blue and a co-

lourless plate adhering at their broad surfaces.

A still more singular art of forming picture* with
coloured glass was known and practised by the an-
cients. It consists of variously coloured glass fibres,

fitted with the utmost exactness, so that a section across

the fibres rcj)resents the object to be painted. These
fibres, when properly joined together, are afterwards
cemented by fusion into a homogeneous and solid mass.
Specimens of this art seem to have been first discover-

ed about the middle of the last century. Count Caylus
first describes them in his Colleciioii of Anliquilies, and
Winkelman in his Annotations on the History nj'the Art
among the Ancients, under the name of pictures made
of glass tubes. Sulzer, in his Theory of the Polite

Arts, describ s, in the article Mosaic, specimens which
he had seen at Dresden ; and Klaproth has given draw-
ings of one which he has in his own possession. The
following description of two pieces of this kind of glass,

which were brought to Rome in 1765, is given by
Winkelman :

_" Each of them is not quite one inch long, and one-
third of an inch broad. One j)late exhibits, on a dark
ground of variegated colours, a bird representing a duck
of various very lively colours, more suitable to the Chi-
nese arbitrary taste, than adapted to shew the true tints

of nature. The outlines are well decided and sharp,
the colours beautiful and pure, and have a verj- strik-
ing and brilliant effect; because the artist, according to

the nature of the parts, has in some employed an opaque, Hitttf.

and in others a transparent glass. The most delicate ^"""Y"'^
pencil of the miniature painter could not have traced .'^" .'"™"

more accurately and distinctly, either the circle of the wio/^oim"
pupil of the eye, or the apparently scaly feathers on the ed^an.
breast and wings, behind the beginning of wliich this

piece had been broken. But the admiration of the be-
holder is at the highest pitch, when, by turniiig tlie

glass, he sees the same bird on the reverse, without per-
ceiving any difference in the smallest points ; whence
we could not but conclude, that this picture is conti-

nued through the whole thickness of the specimen; and
tliat, if the glass were cut transversely, the same pic-

ture of the duck would be found repeated in the several

slabs ; a conclusion which was still farther confirmed-

by the transparent places of some beautiful colours upon
the eye and breast that were observed. The painting

has on both sides a granular appearance, and seems to

have been formed, in the manner of mosaic works, of
single pieces ; but so accurately united, that a power-
ful magnifying-glass was unable to discover any junc-
tures. This circumstance, and the continuation of the
picture throughout the whole substance, rendered it ex-
tremely difficult to form any direct notion of the pro-
cess or manner of performing such a work. And the

conception of it might have long continued enigmati-
,

cal, were it not that, on the section of the fracture men-
tioned, lines are observable, of tlie same colours which
appear on the upper surface, that pervade the whole
mass from one side to the other ; whence it became a
rational conclusion, that this kind of painting must
have been executed by joining variously coloured fi-

laments of glass, and subsequently fusing the same
into one coherent body. The other specimen is about
the same size, and made in the same manner. It exhi-

bits ornamental drawings of green, wliite, and yellow
colours, which are traced on a blue ground, and repre-

sent volutes, beads, and flowers, resting on pyramidal-
ly converging lines. AU these are very distinct and
separate, but so extremely small that even a keen eye
finds it difficult to pursue the subtle endings, those in

particular in which the volutes terminate. Notwith*
standing which, these ornaments ])ass uninterruptedly

through the whole thickness of the piece."

One of the two specimens which we have mention- Plate
sented as in the possession of M. Klaproth, is represent- cclxxv.

ed in Plate CCLXXV. Fig. 4. Both the pieces have a ^"'«- *•

heart-shaped form, their principal front being flat,

and the reverse convex. The length of one of them
is one inch, its breadth four-fifths, and its thickness,

two-fifths. The other specimen is two-thirds of the

size of the first ; but they are both nearly alike ii>

tlie colouring and manner of drawing. The princi-

pal mass of the large specimen is a dark and perfectly

opaque, but the smaller one, which is in some places

transparent, has a .sapphire blue colour. The blue
ground is ornamentetl with voluted stellular, minute
flowers, on such a small scale as to be scarcely iniitable

by the miniature painter. Their colours are red, green,

brown, sky-blue, and white, and are all pure and lively.

The delineations pervade the whole mass ; and it is ob-
vious from examining a fracture, tliat those minute or-

naments are fomicd of parallel glassy fibres of various

hues, agglutinated by fusion.

About the end of the 3d century, as appears from a GIms ustd

passage in Lactantius,* glass was used for windows; j"'*'""

and there is reason to believe, from the glass plates

• " Maiiifcstiue est, mcniem esse, qua per oculos ea, qgjjkgunt oppoiiu transpidat. quasi per fenesttas luccnte vitro, taxt ipeculori lapkle
ebductaj." De Opijido Da, ap. 5.

^^ 1 i i . r- r
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History, found in Herculanoum, tliat wincJow glass li.ad been

introduced at a much earlier period. St Jerome, A. D.

422, Paulus Silentiarus, A. U. .534, Gregory of Tours,

A.D. 571, and Johannes Philoponus, A. D. 630,* .nil

speak in the most distinct manner of the use of glass

in the formation of windows.

Italy was tlie first modern nation that employed glass

in windows. The custom was afterwards introduced

into France ; and though the art of making glass was

brouglit into England in A. D. 674, by foreign artists

sent for by the Abbot Benedict, who glazed the church

and monastery of VW-remouth in Durham, yet this great

invention was so much neglected, that private houses

were not lighted through glass till the end of tlie 1 0th

century. The windows of houses, and even of cathe-

dral churches, were covered with fine linen cloths.

The application of painted glass to the decoration of

church windows, was made before the commencement
of the 9th century, as we are informed by Anastasius,

librarian to Pope Leo III. that painted glass was used

in his time. This art made r.ipid advances to perfec-

tion ; and all the ingenuity of the art was exhausted in

the production of those splendid windows nliich at pre-

sent adorn the Gothic cathedrals of Europe. The art

of staining glass, though still known and practised, is,

however, to a certain extent lost ; and we admire, with-

out being able to imitate, some of tlie rich pro<luctions

of the middle ages. We have had occasion to see a

specimen of glass, brought home by Dr Brewster from

tlie abbey of Konigsfeld, in Switzerland, which con-

sists of six differtnt layers of green and purple glass

placed alternately. The thickness of the plate is only

about the 7th part of an inch ; and the different layers

have an equality of thickness, and a parallelism, which
is truly surprising. The compound colour is a light

purple. A section of this plate is sliewn in Plate

CCLXXV. Fig. 5, the dark layer representing the pur-

ple, and the light one the green glass.

The art of making plate glass by blowing, was car-

ried on to a great extent at the village of Murano, near

Venice ; and Europe was long supplied from this quar-

ter with the finest and largest mirrors.

We are indebted, however, to the French, for the art

of casting large plates of glass, which was introduced in

1688 by Abraham Thevenart. An account of this esta-

blishment, and of the glass manufactories in England,
will be found in our articles Engl.wd, vol. ix. p. 10,

r.d France, vol. ix. p. 718.

Glass appears to have been first made in Scotland in

the reign of James VI. and the exclusive right of ma-
nufacturing it within the kingdom, was given to Lord
George Hay for 31 years, from 1610. This rii'Iit was
transfen-ed in 1 6"27 for a considerable sum, to I'homas
Robinson, merchant-tailor in London, who again trans-

ferred it for £250 to Sir Robert Mansell, vice-admiral

of England. A manufactory of glass was carried on
for some time in a cave at Wemyss, in Fifeshire. Re-
gular glass works were afterwards established at Pres-
tonpans ; but the principal places where glass is now
made in Scotland, are Leith,+ Glasgow, and Dumbarton.

Sect. I. On Glasshouses, Pols, S(c.

Glass-
"^"^ glasshouses now in use are commonly large

hou»^. cones, from 60 to 100 feet high, and from 50 to 80

Glass made
at Venice.

In England

and France.

In Scotland-

feet in diameter at the base. Tlie furnaceii erected in

the centre, over a large vault, that extends from one
side of the cone to the otlier. The vault or cave is

generally made of a sufficient height and width to allow

the workmen to wheel a barrow with rubbisli out

and in. This, liowevcr, is not the only purpose of

this cave, as it is made to communicate with the fur-

nace by an aperture in the top of it, of such a size

as the furnace above may require. Over this aper-

ture a grating of strong iron is placed, so as to be in

the centre of the furnace, and upon that grating the

fuel is laid and ignition is maintained by the air tliat

issues into it through the caves or vaults underneath.
The crucibles or pots are the most important article

about a glasswork. The claj' obtained at Stourbridge
is found to answer tlie purpose better than any other.

After carefully picking and brushing the claj-, it is

ground in a mill, and sifted through a sieve of about
20 passes in an inch : it is then wet v.ith warm water,
and well tramped in a krge cigteni, until it is brought
to the consistence of a thick paste. Some manufacturers
make up a very large quantity of this paste, and keep
it in that state for many months : others, again, work it

immediately into pots or crucibles. It is also common
to take old crucibles and grind them down to a fine pow-
der, which they add to the crude clay in quantities

seldom exceeding a fourth part, from an idea that tlie

burnt clay renders the crucible more refractory, and
of course more likely to resist the combined action of
the fire and alkali required in the composition for glass.

This mixture contracts less than if the pots were made
entirely of crude clay, and of course is less liable to

break while drying.

Various methods liave been tried for working the clay

into pots, by using moulds, &c. ; but the method that

has been most generally practised, is to knead the
clay, while in the state of a paste, till it is neaily as tough
as the putty used by glaziers. It is then made into rolls,

and wrought one layer upon another, and pressed to-

gether with the greatest care, so as to make a compact
body, quite free of any vacuity, and generally into the
shape of an inverted cone, or into a cylindrical form.

The pots used for bottles and window glass are ge-
nerally made about 40 inches diameter at top by 30 at
bottom, and about 40 inches deep, and are termed open
pots. Those for flint glass are co\ ered over, and term-
ed capt pots; they are made of various sizes and shapes.

Bottle and crown house pots are made from three to

four inches tliick ; and flint house pots from two to

three inches thick. After the pots are made, it requires

a good deal of attention to bring them to that state of
dryness requisite for their being taken to the annealing
furnace. Before pots are set into the furnace, they are
heated up with the greatest caution, in an arch or vault

built for the purpose, to a perfect white heat. This
operation requires four or five days, or longer if they
are not very dry previous to their being used ; antl

when they are completely annealed, as it is termed, they
are carried with the utmost expedition from the anneal-
ing arch, and set into the working furnace. The setting

of pots is deemed the severest labour about a glass-

house, from the great heat attending it ; and is descri-

bed as follows by M. Blancourt. He observes, that the
roughest work in this art, is the changing the pots

when they are worn out or cracked. In this case, the

great working hole must be uncovered, the faulty pot

Crucible

or pots.

• Philoponus informs us that the glass was fastened in with plaster.

t The Editor has been indebted to .Mt James UEnDES, of Leith, for the principal information respecting tl.e manufacture of bottle*
crown, and fluit gloss, centamedm Sects, I. II. IV. and V,

r »
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Bottle must be tnkfn out with iron honki ami forks, and a
Bliss. „^yy ,)„e niust 1)0 sjit'e<1ily put in its place through the

' ~ (hincs, l>y thi' h.inils only. For this work, the mnn
guards liiinsoll" witli a ifannont made of skins, in the

shape of a pantaloon, that covers In'm all but his eyes,

.'ind is made as wet H'i [Hissible. The eyes should be de-

fendetl with u very thick plate of glass.

Sect. II. On BoHle Glass.

I.tlcglasj. The bottle-house furn.ice, represented in Plate

CCLXXV. Fig. 1, (see description of Plates,) is gene-
rally an oblong ."iquare chanil>er, arched over with the

,, j_
' same material. .Some give it a very flat crown, as it is call.

|-' ed; and others raise it high and of a barr^ shape. This
fumnce is erected in the centre of the building, on the top

of the cave or vault, nnd is divided into three spaces in

the inside by the grate, and on each side of that is the

site for the pots or d-ucibles, -which is a bank of the

same material as the furnace, generally about a foot

high, and three broad.

In this furnace there is a hole about a foot diameter

for each pot, called working lioles, at which the work-
men put in the materials, and take out the liquid glass.

At each angle of tlie furnace there is also a hole about

the same size, which communicates with the calcining

furnace ; and the flame that issues from the main fur-

nace, which otherwise would be lost, reverberates on
the materials in this furnace, and calcines them. There
are generally eight otiier furnaces or arches in a bottle-

house. Six are used for annealing the bottles after they
are made, and two for annealing the pots, previous to

setting them into the main furnace.

Juetials. The materials used for bottle glass are of the coarsest

kinds. Government will notallowanybut the commonest
sea or river sand, mixed with soap boiler's waste, which
is done in the proportion of three ofsoap waste to one of
sand, according to tlie quality of the soap-waste : this

soap-waste is generally calcined in two of the arches

used for that purpose, and termed the coarse arches,

which are kept at a red heat from 24' to 30 hours, the
time required to melt the materials and work them into

glass, which is called a journey ; after that the soap-

waste, now termed ashes, are taken out and bruised
and mixed with the sand in the proportions already
mentioned. The mixture is then put into the fine

arch, where it is again calcined during the working
journey, which is generally 10 or 12 hours more. When
the working journey is over, the pots are again filled

with the red hot materials out of the fine calcining arch.

In about six hours it is melted; the pots are agam fill-

ed up, and this second filling requires about four hours
to melt.

jj
By continuing the heat to as great a degree as possi-

ble, in the course of 12, 15, or 18 hours, these materials
become a perfect glass fit for making wine bottles. The
furnace is then reduced to a working heat, by shutting
the cave doors, and excluding the air from the grating.
The metal, as it cools in the pots, becomes more dense;
and all the heterogeneous matter that was contained in

the ashes, and not melted into glass, floats on the top
and is skimmed off. The furnace is then filled with
coal, in such a way that it will retain what is termed a
working heat, for four or five hours, when it is again
filled so as to preserve that degree of heat till the working
journey is finished. It is impossible to give any correct
idea of the process of blowing to a person that never
saw glass manufactured. There are six people employ
ed in the making of one bottle, independent of all the
men employed in preparing the materials, each per.

''tOKTI

(illlM.

forming n distinct part ; and by that division of labour,

tlioy are enabled to make a very large (pinntity in a
journey ; and although ten men nnd boys are busily

'~^'.'~~^

working, with long hot irons, and red hot glas* met.nl

in a liquid st;>te, in a apace not exceeding four square
yards, yet sucii is their regularity in passing one ano-
ther, and handing back and forward their work, which
never fails to strike a stranger with terror, that it is very
rarely any of them meet with an accident.

One workman, called a gatherer, dips the end ofa tube. Method of

heated red hot, and about five feet long, into the jwt '"=^'"8

containing the metal, to which it readily adheres ; and
'""'"•

after it is cooled a little, he again immerses the end of
the tube so as to cover the metal ; and, by giving it a
turn in his hand, he is enabled to bring out of the pot
as much as is required for a common wine l)ottle. He
then hands it to the blower, and prepares another

;

while the blower, by rolling the metal on a stone or
plate, brings it to the end of the j)jpe or tube : he then
holds it in a brass or cast-iron mould, and, by blowing
down through the tube, makes the glass, which is now
getting cold, retain the shape given to it, which is that
ofa common wine bottle. It is then handed to the finish-

er, who, by means of a cold piece of iron with which
he touches the neck while still red hot, but cold enough
to retain its shape, cuts it off from the blow-pipe, as

completely as if done by a diamond.

Sect. III. Broad or Inferior Window Glass.

This species of glass consists of different ingredients. Broad glass,

and is manufactured in a different manner from cj"own
window glass. Its ingredients are, soap boiler's waste
6 bushels ; kelp 3 do. ; sand 4 do.

When these materials have been calcined for from
20 to iO hours, they are removed with iron shovels,

while red hot, to the melting furnance, when the pots
are filled with it. By exposure to the heat from !2 or
1.5 hours, the whole is reduced to a fluid state. It is

then taken out upon tubes in the manner described
under Sect. IV. and blown into globes of nearly a foot

in diameter. These globes being carried to the mouth
of the oven, a longitudinal and nearly rectilineal crack
is produced, by touching it with a cold iron dipped in

water. The globe is then opened on a smooth iron
plate at the mouth of the furnace, and then forms a
circular sheet of thin transparent window glass. See
Parke's Essays.

Sect. IV. Crown Glass.

The furnace for crown glass, represented in Plate

CCLXXV. Fig. 2. (see description of Plates,) is general-

ly constructed for four or six pots of such a size as will

contain from U)to20cwts. of glass. There are also seve-

ral other furnaces required in this manufacture : A re-

verberatory furnace for calcining the materials ; flashing

furnace, and bottoming hole, used for the purpose of
heating the glass, in order to continue its flexibility

till it acquires from the workman the desired shape,

with several others called arches, which are usetl for

the purpose of annealing the glass after it is made,
and the pots previous to their being set into the fur-

nace. "The materials for crown glass, that is the best

window glass, are two parts of kelp to one of fine white
sand ; these are the usual proportions ; but the qua-
lity of even the best kelp is extremely various, some
vitrifying more and some less sand. From six to eight

cwt. of these materials, after they are well mixed,
are put into a reverberatory furnace, of about six feet

Crown
glass.

Plate
CCLXXV,
1-ig. 2.
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it of about two
a grating to con-

square, having an arch thrown over

feet in height. On the one side is

tain the fire, with an ash-pit beneath. The bottom

of this furnace is raised about 'i\ feet high, so as to

be more convenient for the worl^men to turn the ma-
terials. As the neutral salt contained in the kelp

when heated is extremely penetrating, and readily goes

through common or even fire bricks, carrying along with

it a considerable quantity of alkali, and thereby very

much injuring the quality of the glass, various ])lans

have been tried to prevent it, some by making large

bricks of fire clay, and others by placing a plate of iron

so far under the floor of the furnace, as not to be much
effected by the heat, from an idea that when the iron

tub or pan is filled with the neutral salt, no more will

be lost. Another plan is to have flues for admitting a

stream of cold air below the floor of the furnace, which

cools it, and keeps the salt from running off. But it

would undoubtedly be a much better plan to separate

the alkali from all heterogeneous matter previous to

mixing it with the sand.

The operation of calcining, or burning fiil, requires

ranch care. After the materials are put into the fur-

nace, they are stirred frequently, until all the earthy

matter in the kelp is burnt away, which generally re-

quires about three hours ; the heat is then raised to such

a degree, as to bring the materials almost into a state of

fusion, wliich must be prevented by constant stirring,

otherwise it would get into what is termed catches, or

small knots that contain more sand than the rest of the

batch, occasioned by the alkali being dissipated, from
an excess of heat. If it is continued at that high

temperature for about two hours, it will be sufficiently

calcined. It is then taken out of the furnace, and
.spread, while warm, upon a plate, and divided into

large cakes ; this must be done before it cools, other-

wise it would be one hard lump. It is the opinion of

many, that frit cannot be too old. All the opulent
manufacturers, therefore, lay up great quantities, and
seldom use any till it is six months old.

Crown glass is made by filling the pots on the melt-

ing furnace with frit, adding about one-eighth part of

broken glass. The furnace is then raised to as high
a degree of heat as possible, and in about ten or twelve
hours the frit is melted. The pots are again filled up
in the same -manner. The heat is then continued, and
if possible increased, till the metal, as it is now called,

is completely fine, that is pure liquid glass fit to be
made into window glass, altogether requiring from 30
to 36 hours of intense heat.

After the metal is completely fine, the founder, that

is the workman who manages the metal making, allows

the fire to slacken for about two hours, until it arrives at

what is termed a working heat ; this is called settling

the furnace, and on the proper settling of the furnace
the working of the metal in a great measure depends.

For blowing at flashing crown glass few tools are re-

quired. The principal instrument is an iron tube, the end
of which being heated, is dipped into the pot of melted
glass, and turned roimd to collect some glass upon it.

This portion of glass is distributed equally upon all

sides of the end of the tube, by roiling it upon a flat

table of iron. It is then heated, and again dipped into
the melted glass, to take up an additional quantity. In
this state, by blowing slightly through the tube, the
glass is made hollow within ; and the workman judges,
from the manner in which it enlarges when he blows,
if the glass is so arranged round the end of the tube,
that it may be afterwards blown out and extend itself

equally on all sides, to fonii a large globe, or hollow

vessel of any other circular figure, of a regular thick-

ness. If he perceives any side to be too thin, he cor-

rects this, by rolling it on the marble. I'his ope-

raration is repeated three or four times. He then

heats it well in the fire, and rolls the glass with great

care, to form it circularly upon the end of the tube,

and lengthen it out in the manner represented by
Fig. 1. Plate CCLXXVI. Then, by blowing through
the tube, he distends the glass into the form of a long

hollow pear, resting it all the while upon the iron table,

and rolling it round, that it may preser\'e a correct cir-

cular figure, and distend itself equally. To lengthen out

the neck of the pear, he rolls it, as it may require, over a
smooth iron rod, fixed up horizontally, as in Fig. 2. and
the pressure thus caused will lengthen the neck. He then
blows again through the tube, supporting the glass, by
resting the extreme end of the pear upon the iron rod,

and rolling it round at the same time : The pressure

upon the iron rod raises a small point or eminence upon
the globe, opposite the end of tlie blowing iron. The
blowing being dexterously managed, and assisted by the

pressure of the rolling, the glass is enlarged to the

form of a sphere, Fig. 3, wliich remains attached to the

tube by a neck.

By the time the workman has proceeded so far, and
produced a globe. Fig. 3. of a very regular thickness,

the glass is generally so far cooled as to grow firm ; and
though it will readily yield to a pressure, it will not
alter its figure by its own weight. To proceed in the
operation, it must be heated again. For this pijrpose,

it is carried to a particular furnace, called the boltoming

liole, to be exposed to the heat of the flames. A slight

wall is erected before one-half of this mouth, to screen

the workman from the heat ; and the screen is at a suffi-.

cient distance from the w-all of the furnace, to leave

room for the globe to pass between them. A hook is

fixed in this wall for the support of the blowing iron,

which is rested in the hook, at a few inches from the
neck of the globe. This method admits of turning the

tube rapidly round as an axis, to which tile globe is

affixed, and therefore revolves with it. The side of the
globe opposite to the end of the blowing iron being

exposed to the heat of the tire, is gradually soflened ;

but the neck of the globe, which joins the rod, and
all that part of the glass which is more remote from
the tire, is not softened in an equai degree. In this

situation, the centrifugal force produced by the whir-

ling, causes, the equatorial parts of the globe to fly out

fiom the centre, by stretching or enlarging itself; but
as this enlargement will be most powerful upon the,

softest part of the glass, which is the end opposite to

the fire, the centrifugal force will cause that end to be-

come flattened almost to a flat plate, or at least to a
slightly convex plate, as shewn in Fig. 4.

In this state the glass is removed from the fire, and-

the neck is cracked off", by resting the tube across the

rod and turning it round, whilst the neck is touched
with a piece of iron wetted in cold water. This pro-

duces a circular crack round the neck, which is sejiara..

ted from the tube, by laying the glass upon a table,

shewn in Fig. 4, which is composed of two planes d,

inclining towards each other, so as to receive the

glass without danger of its rolling oft'. In this situ-

ation, a sliglit stroke upon the rod breaks off" the
neck, and leaves tlic glass upon the table. The work-
man now dips the end of an iron rod o into the

melted glass, and takes up as much as will make
it adhere firmly to the prominence c, so as to ser'. t

rrow»^

C!aa«..i
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ibr a spindle to turn Uie glass by. The glass being
now thin, soon becomes so cool as to require heating,

which is done by presenting tlie open end to the flume,

the workman resting the rod in the hook, and turn-

ing it slowly round, that the gloss may become equal-

ly heated. When the open end is sufficiently soften-

ed, the workman, supporting the rod over a rest or

hook, turns the glass steadily roimd. The motion opens
and enlarges the aperture to the form of Fig. .'j

; and
they take great care, by turning with a regular mo-
lion, to preserve the circular figure, such as is represent-

ed in Fig. 6. In this state, being whirled rapidly

round, the centrifugal force throws it out into a flat

circular plate a b, of from 3 feet 6 inches to l feet dia-

meter.

When the plate is sufficiently cooled, the workman
applies a cold iron to crack the neck of the central pro-

jection which connects the plate with the rod, and he
thffn lays the plate flat down upon a bed of ashes pre-

viously prepared. The rod or spindle is now separated

by a gentle s:roke, and the plate is taken up upon an
iron fork, and conveyed to the annealing oven, where
a great number are set up edgewise, and supported by
iron frames to keep tliem fiat. The fire of the oven is

suffered to burn out, and the heat to diminish as slowly

as possible, until the glasses become quite cold : They
are then withdrawn from the furnace, by taking down
a sliglit front wall built in the door or arch. The
heat of the annealing oven, which is not sufficient to
make the glass so soft as to bend by its weight, is al-

lowed to die away.
Window plate, also called German plate, or table

glass, is made by the same means of blowing and rolling;

but these are managed to produce a cylinder, which is

cut o|)en and spread fiat upon a table.

In order to form glass plates by the extension of a
cylinder, the workman blows the glass into the shape of
a pear, as at Fig. 7. The length of this pear mu»t be
nearly equal to the length of the plate and its diameter
of such a size, that the circumference, when unfolded,
will be equal to the breadth of the plate desired. He
now supports the blowing iron over a stool or iron bar,

whiUt an assistant, with a pointed iron, pierces a hole
into the extreme end of the pear, opposite the end of
the blowing iron : This opening is eidargcd by intro-

ducing the blade of a pair of spring tongs, as in Fig. 8.

whilst the glass is turned round ; and, by a peculiar

ma)iagement of these, the end of the pear is at last

openetl out to a cylinder, as in Fig. 9. The workman
now mounts a stool, and holds the blowing-iron per-
pendicularly, whilst his assistant cuts open one side of
the cylinder with a pair of cutting shears, as in Fig. 9.

The blowing iron is next broken off, and a rotl b. Fig 10.

applied to the end of the cylinder, to form a spindle to
work the other end by. This rod has a flat circular
plate upon the end of it, or three prongs c, r, c, which
being dipped in the melted glass, are applied to the
end of the cylinder. By this rod the glass is carrietl to
the fire, and the end from which the tube was broken
off is hcatetl. It is then opened by the spring tongs,
and reduced to a cylinder of the same size as that at
the other end. The shears are next used to cut the cy-
linder open from this end, and leave it in the state of a
sheet of paper rolled up. The cylinder is now laid upon
a smooth copper table, where the spindle is detached,
and the glass spread into a flat sheet, and aimealed.

Sect V. Oh Flint Glass.

Flint glass was formerly manufactured from flints cal-
cined, and afterwards ground, well washed, and sifted.

to which was added |)earl ashes, or an alkali of some Flint CUw.
kind, to serve as a fiux, and a small quantity of arsenic. *"^/^™^

I'he materials now used for the finest flint glass, are, MRietUIj.

first, a fine white transparent sand, which is termed the

body of glass ; this is found often mixed with clay, &c.
from which it is freed by washing, until tlie water
comes quite clear off; it is then calcined, and after-

wards sifted through a very fine sieve of from tO to 50
fjasses to the inch. The second article is red lead, or
itharge, which serves as a powerful flux, gives greater

density to glass, renders it more ductile, less apt to

crack from sudden changes of temperature, and imparts
to it a high refractive and reflecti\e power. Litharge
is preferable to red lead, as it gives a purer glass, is less

liable to be adulterated, and acts more powerfully as a
flu.K. The third ingredient is an alkali, cither soda or
potash ; the finest pearl ashes dissolved, and the solu-

tion evaporated to dryncsss, is considered the best, as

it imparts no particular colour to the glass, whereas soda
gives it a greenish-blue tinge.

Nitre, the fourth injiredient, is also used as a flux, and
serves to correct the imperfections that arise from the
lead being insufficiently calcined. A fifth article, viz.

arsenic, is sometimes used to aid the fluxing ingredients;

but the quantity must be very small, lest the transpa-

rency of the glass be hurt by the opake white colour

which it imparts when used largely A sixth, and very

important ingredient, is the black oxide of manganese,
which is used to destroy any accidental foulness of colour
that may arise in the gl.iss, and particularly any tinge

given by particles of iron amongst the sand ; but while

it destroys the green-yellow, or olive colours in glass,

by imparting to them a purple tinge, the mixture of

colours produces a b'acker glass, and of course greatly

injures its transparency.

When too much manganese is added, the purple co-

lour may be destroyed by charcoal ; but this can only

be done partially, as the purple tinge is not visible un-
til a perfect glass is formed, after which the charcoal

cannot be mixed with the glass.

When a batch of flint glass is prepared, it is taken Fiuj«n.
from the mixing-house to the glass-house, and then put
into the pots in small quantities of ten or a dozen sho-

velfuls at a time. When this is melted, which it

does in two or three hours, more is added till the

pot is full. The mouth of the pot is then completely
closed, by putting soft clay round the stopper except a
small aperture, which is lefl to allow the sandover or

glass-gall to escape. This substance consists of those

salts that are contained in alkalies purified in the

couimon mode, and which have no affinity for silex,

and are thrown up to the top. From the glass, or metal
as it is termed, being hotter at the back of the pot than
it is at the mouth or front, a small declivity takes

place on the surface of the glass, and if the pot is full

to the brim or mouth, it will be a little higher at the

back part, consequently the liquid sandover runs off.

F"lint glass requires about 48 hours to its complete fu-

sion, although the furnace (Plate CCLXXV. Fig, 3. p, __
See Description of Plates) is carried to as intense a heat _, _„_
as possible. After it is Jiiie, that is melted into li-

'

quid glass, and freed from all air-bubbles, prepara-
tion is made for the working of the glass. For this

purjjose tlie blower, in order to make a common
wine glass, takes a hollow tube of iron about lour

feet and a half long, which he heats red hot at the

one end. He then dips it into the liquid metal con-
tained in the pot, and takes up a quantity of glass,

and forms a hollow ball, as described ni Sect. III. He
then sits down on a chair with two long arms, to one

Kig. 3.
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Flint Glass, of which there is a pl.ite of iron fastened to prevent
'"^^'i'"'^ the burning of tlie chair by the hot iron pipe anil glass;

for the operation must be done with tlie greatest quick-

ness while the metal is hot. He rests the pipe across

the chair arms, and, while he rolls it back and forward
with his left hand, he with an instrument simiLir to a

small pair of tongs, catches the solid metal at the end
of the hollow ball and draws it out, at the same time
giving it the shape required for the stalk of a wine
glass ; another blower is going on with the same pro-

cess, and blowing a smaller ball ; and after giving it a
sharp cut at the end of the blowpipe, he quickly presses

it against the point of the stalk of the glass in the other
man's hand, to which it readily adheres as firmly as if

there had never been a joint ; and, by giving the pipe
a smart stroke with a small piece of iron, it is separated

from the small ball now attached to the stalk of the

glass, which is instantly given to the finisher or work-
man, the others being called blowers or footmakers.

This workman then makes the glass just hot enough
to keep it from breaking, and sits down on his cliair,

and with a similar pair of tools, while rolling the
pipe rapidly on the arms of the chair, he o|)ens the
bail at the stalk of the glass, and forms a foot. A
hoy then takes a small roil of iron, called a ponly, and
dips it into the metal in the pot, takes out on the ex-
tremity of the rod a small portion of glass, thrusts it

immediately against the centre of the foot, to which it

instantly unites. The workman then with a piece of
iron, which he wets with his mouth, touches the globe
intended for the bow 1 of the glass with tlie wet part,
which is still very hot, although so much chilled as to
retain its shape, and this in a second or two cracks it

round ; and, by giving the pipe a gentle knock, it se-
parates from it, and leaves an open uneven mouth,
which the workman instantly heats, and with a pair of
shears, clips the heated glass smooth and even in the
moutii ; but as the shears have put the glass off that
circular tbrm, he heats it again, and by n dexterous
twirl and svying round his head, he, if an expert work-
man, gives it the desir«l shape to a m.-ithematical ex-
actnes, almost without the aid of any totjls. The wine
glass now finished and chilled a little, by giving the
ponty a smart blow, the glass separates from the iron,
and is carried by a boy with a long forked iron to the
leer, or annealing furnace, where it is placed in a pan
already heated for the purpose of annealing.
The following is the composition of the finest flint

glass: Fine white sand, 3(K) parts; red lead, or li-

tharge, 200; refined pearl ashes, 80; nitre, 20; arsenic
and mang.inese, a small quantity.

These, all mixed together with the utmost nicety, are
termed a flint batch.

The following results were obtained by M. Zeiher
of St Petersburgh, respecting the optical effects of va-
rying the proportions of the ingredients of flint glass.

<

Cazalct

flint gli

for tele

scopes.

j

Flint glass

for optical

purposes.

Proportion of red lead to

flint.

Index of re-

fraction.

Dispersion of the rays
in comparison of crown

glass.

Red lead. Flint.

1
2

3
4
5
6

3

2
1

3

2,028

1.830

1.787

1.732

1.724

1.664

4800 to 1000
8550 to 1000
3259 to 1000
2207 to 1000
1800 to 1000
1354 to 1000

GLASS.
From this Table, it is obvious tliat a greater quantity

of lead not only increases the refractive, but also the

dispersive powers of the glass. When M. Zeilicr mixed
alkaline salts with his glass, he found that they dimi-

nished the other refraction, without making any change

in the dispersion. He then obtained a kind of glass

which had three times the dispersive power of crov.n

glass, and a retractive power of only 1.61. See Mevt.

Acad. Bed. I76'i, p. 150.

M. Cazalet of Bourdejiux, has lately announced a me-
thod of making flint glass for telescopes free of ail veins

and imperfections, it consists of

Red lead, pure and sifted through silk, 100 parts.

Nitre, purified 50
Very pure and white dialk 1

Pure white sand 60

The sand must be calcined and pounded in an iron

mortar, and afterwards washed by ebullition with sul-

phuric acid, and then purified with muriatic acid.

These ingredients are put into a platina crucible, capa-

ble of holding 1 2 ounces of flint glass, and then carried

to a bottle glass furnace. After 36 hours, it will be
melted, and is then poured into water, dried, and redu-

ced to a fine powder. It is tlien washed and purified

in the same manner as sand ; again melted and thrown
into water; and after being again pulverised and puri-

fied with acids, it is melted a third time, and at the end
«f 48 hours it is poured upon a warm plate of copper,

upon which it is allowecl to cool .gradually. It will

then be found free of all imperfections.

A number of interesting ex5)criments on the manu-
facture of flint glass for optical purposes, has been made
by M. D'Artigue.*. He always found that the excel-

lence of the flint glass depended on the purification of

the red lead ; that the middle part of a large mass of

glass was always the freest from veins ; and that it is

only good when it is mimutactured on a great scale.

• Tiie middle jxirtion of the pot of glass is blown into

•cylinders, and afterwards oj)ened into plates. See Bui-

Iclin de la sSocictc d'E?icouragc!neiil, N° 83.

Sect. VI. On the Manufacture of Plate Glass.

The materials for making plate glass must be of the piaie «
finest quality. The principal ingredient is fine white

sand, which is cau.sed to vitrify by adding alkali and

nitre, or salt, and sometimes other fluxes. The desi-

rable qualities in plate glass iu-e, that it shall be perfect-

ly transparent and colourless, free from bubbles or

specks in the casting. To attain this it must melt with

•a moderate degree of heat ; for, without this quality,

it is scarcely possible to have it cast so quickly, that it

will not cool in some degree during the < peration, and

thus have specks. The best alkaline substance for the

flux is soda extracted from the ashes of barilla by lixivia-

tion. If pearl ;: slies are used, they should be purified by
washing or dissolving them in water, in which tlie im-

purities will subside ; and the clear liquor which is

drawn ofl" must be boiled down in iron pans, till, by the

evaporation of the water, the clean ashes ai-e obtained.

Borax is very useful to facilitate the fusion, and also

the running into plates. Lime has the same quality ;

but the quantity must be small, otherwise it will af-

fect the transparency.

The composition recommended by the author of the

Handmaid to the Arts, is ()0 parts of white sand washed

clean, 25 parts of pearl ashes, 25 parts of nitre, and 7
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Itte fflMi. of borax. To these are sometimes added a small quan-
^TT""^ tity of lime and manpanese, according to circumstances,
nt tui-

q-jjg ^j^jj ^i^j alkali, and also the lime and manpi-
nese, if any are used, are first well mixed together, and
thrown into a reverberatory furnace, represented in

section by Fig. 11, where A is the fire-place, situ-

ated between two circular ovens or domes B, upon the

flat floors of which the materials are laid ; and the

flame rising from the grate being reflected down by the

arched roofs, strikes ujion the floors of the ovens with
sufficient heat to nearly fuse the materials, and cause

the sand to become very white by a semi-vitrification.

This calcination is continued for five or six hours, and
the materials are constantly stirred and turned over with
an iron poker, to expose every part to the heat, until

they cease to afford any vapour, or to undergo any far-

ther change.

A plan of the furnaces used by the French is given
at Fig. 12. of Plate CCLXXVI. and a vertical section

at Fig. \3, the same letters being used in both. The
real furnace A, which contains the two large pots a, a,

and two others on the opposite side, is surrounded by
four other furnaces or ovens B, B, B, D, which proceed

from the angles, and are heated by the flame of the

same fire passing through flues g, g. The three ovens
marked B, B, B are intended for burning the pots in

which the glass is melted and refined, anil also tue cis-

terns into which it is put, to be conveyed to the casting

tables. The fourth oven D is intended for heating the

frit or material, previous to its being put into the pots

to be melted down. The four ovens are all of the same
form and dimensions, except that the openings b, b, b in-

to the three first are larger tlian the mouth d of the lat-

ter: all these openings are closed by doors of bricks

fitted in iron frames. The fire is made in the bottom of
the great furnace at E, Fig. 13, being includetl between
two sloping walls e, e, which form the benches or seats

for the four pots ; two pots a, a being placed upon each
bench, and likewise two cisterns m, m, which are placed

at the ends of each bench ; and therefore, in the four
angles of the furnace, the form of the arched roof FF
is intended to reverberate the flame down into and
upon the pots, to which it gives the greatest heat, and
then passes- off by the flues g,g,^,g, Fig. 12. into the

four ovens B, B, B, D. Thef\iel is supplied through arches

E at the end of the fire-place, which are of sufficient

size to introduce a new pot when necessary ; but when
the furnace is at work, these arches are bricked up, ex-

cept a small opening at the bottom. On each side of
the furnace are three working holes »', h, h, to admit la-

dles, by which the glass is put into the pots a, or taken
out and transferred to the cisterns m ; and, in order to

withdraw the cistern from the fire, a door or opening
m- is made in the wall before each, as shewn at 1 1, Fig. 12.

;

and tlie dotted lines represent a flooring of iron plate at
' the level of the bench, upon which the cisterns are re-

ceive<l when drawn out of the furnace, which is done
by a large pair of forceps. Fig. I*, mounted upon
wheels.

The pots are placed in the ovens B. The flues which
admit the fire into them, are provided with dampers, or
sliding doors, which are closed until the pots are placed
in the oven. The dumpers are then opened very little

at first, to admit the heat gradually, and avoid the dan-
ger of cracking the pots. The cisterns are made and
baked in the same manner.'

The frit is mixed with the fragments of old glass,

which are reduced to powder, by heatirg them in the
oven D to retlness, and throwing them into cold water,

vol.. X, PART I.

U.

To this mixture of frit and glass is adde<l the fluxes of PI*** OUh.

nitre or borax, and the composition is baked for »ome ^""Y""^
hours in the oven D, until, by the commencement ofthe

vitrification, the materials are reduced to a sort of thick

paste. This is taken out of the oven in long ladles, car-
•''"'"''•

rieil to the mo\ith i of the furnace, and put into the great

pots a, a, which are already heated. Here the great
heat vitrifies, and changes the frit into glass. It re-

quires a fusion of 36 or 48 hours to make fine id

clear glass, and sometimes more. If it is found thick

or opake like porcelain, the heat must be continued for

a longer time, or a greater proportion of flux must be
added ; borax is the liest for ihis additional flux. If it is

found to be a perfect substance of glass, but coloured,

manganese or the oxide of cobalt is put in. For thi»

purpose, they are tied up in a thick paper at the end of
an iron rod, and put down to the bottom of the pot.

A mixture of arsenic and manganese is used at other

times, according to the nature of the colour, which is

intended to be corrected.

When the glass is completely vitrified, it is taken out

of the pots in ladles, and poured into the cisterns which
stand at the sides of the pots. The cisterns must be in-

troduced into the ftimace whilst they are hot, both to

save time in heating them in the great furnace, and al-

so to avoid the danger of cracking them by a sudden
exposure to so great a heat. For this purpose, a cistern

is taken from the oven B, in which it was baked, by
drawing it with hooks to the mouth or door ; and it is

then seized by the tongs. Fig. 1 4, which are a very large Fig, 14.

pair of pincers, united by a joint pin a, fixed into the

axletree of a pair of wheels b, upon which the whole
runs. The beaks or jaws d, d, are properly adapted to

receive the cistern between them ; and, for this purpose,

the cistern has a groove in each side. The opposite

ends of the tongs have handles e, e, by which the men
guide and direct the machine ; and also a small arch g,
with pin holes to make fast the tongs, when they have
seized the cistern. Having taken hold of thejcistem with
this machine, by two men weighing on the handles e, e,

they can readily take up the cistern off the floor of the

oven, and by the wheels transport it to the furnace,

into which they introduce it through the lower open-
ings. If it is a cistern which has been used before, they
take the opportunity of its being hot to clean out the

old glass from its sides. The glass remains five or six

hours in the cistern until the whole is brought to a white
heat. The door at /, Fig. 1 2, opposite the cistern, is

then removed, and the cistern withdrawn by the pincers,

aided by long iron hooks. Being then carried to the

casting table, represented in Fig. 1 5, it is taken up by
a crane, and its contents poured out upon the table,

upon which it spreads into a thin sheet.

The table AA is strongly framed in wood, and co- Cutisf -

vered over with a thick plate of copper, made very uble.

smooth upon the surface. B is a heavy cylindrical rol- ''••.^rE

ler of copper, which is used to roll over the fluid glass, S,!^''**^'''

and flatten it to the required thickness. To r^^late **'

this thickness, two iron rulers a, a are laid down upon
the table, at such a distance as will include the width
of the intended plate ; and the thickness of the rulers

is equal to that of the plate, because they bear up the _
roller to that distance from the surface of the table. The
roller B has long projecting spindles at each end for

two men to roll it along by ; and that it may advance
steadily, they are counteracted by two other men, who
hold rods c, c, and regulate the advance of the roller.

The cistern D is taken up in a pair of tongs E, shewn
separately ui Fig. 16. They open and shut upon the

2 R



314 GLASS.
rUte Glass.

Operation

of casting.

Plate
CCLXXVI.
Fig. 16.

$tg. 17.

Fig. 15.

Kig. 16.

Aineeling.

fig. 18.

Squaring

(be platvs.

joint e, and are retained by an arch x with pin holes.

At one end is a cross handle /] and at the other end two
handles g,g. These tongs are suspended by four

chairfs, from two levers h, h, which, as shewn in Fig.

17, are fitted on the ends of a bar of iron i, and through

the centre of this passes a cylindrical iron pin /, which,

at the upper end, has <in eye to receive the hook of the

crane rope, which takes up the whole, as shewn in

Fig. 15. An iron plate k is fixed on the top of the pin,

to preserve the rope from burning.

The operation of casting is performed before the

mouth of the annealing oven, into which the glass plate

is introduced immediately after casting. These anneal-

ing furnaces are arranged round the building, which
has the great furnace in the centre, and the table is

mounted upon wheels for removing it from one anneal-

ing furnace to another. The crane is also moveable as

well as a tressel F, formed for the reception of the roller

B, when it has travelled over the whole length of the

plate. The roller B, whicli weighs 500 weight, is trans-

ported by a carriage "on wheels. By these means, the

table and all its apparatus can be very quickly prepared
for use before any one of the annealing furnaces.

The cistern being brought to the table Fig. 15, is set

down at the side, and the tongs (Fig. 16.) being opened,
the cistern is included between the blades, which are

shut up and fastened. During this time the surface of

the glass is skimmed, to remove any scum which may
float at the top. By means ofthe crane the cistern is now
drawn up, and conveyed over the table in the situation

of Fig 15. The two workmen, who govern the cistern

by its handles^'and g g, now incline it on the centres of

the levers h, h, as shewn in Fig. 1 7, and pour out a
stream of liquid glass upon the table AA. Just before

the roller B, an iron ruler R, which is to form the end
of the plate, retains the fluid matter from running ofl^at

the end of the table ; and the workman who manages
this by its long handle S, withdraws it as the matter
flows forwards upon the table, so as to suffer it to ex-

tend itself over the whole table a moment afterwards.

When the glass has completely covered the table, the
roller B is advanced with great regularity and steadi-

ness. Its great weight presses down and reduces the
upper surface of the glass to the level of the side rulers

a, a. In this operation, some glass will often be forced
over the edge of the table, in which case it is recei-

ved into troughs K, placed on the ground for that pur-
pose. The roller having passed over the whole length
of the table, is guided into the tressel F at the end. The
plate of glass thus cast, is not suffered to remain longer
upon the table than to cool itself, so far that it will not
warp by its own weight, and it is then shoved off'

at the end of the table into the annealing furnace,
before which the table is placed. This is done by
a tool. Fig. 18, which has a very long handle for
two or three men to push it forwards, and the cross
end is made to i;eceive the end of the plate. The rest of
the men guide tlie plate sidewise with irons, and as-

sist in placing it properly in the annealing oven, which
does not require a particular description, as it so near-
ly resembles the oven used by bakers ; but its dimen-
sions must be sufficient to contain the largest glasses,
which continue here baking in a moderate heat for fully
14. days, the heat being at last suffered to die away as
gradually as possible. When quite cool, the plate of
glass is withdrawn and carried to the magazine, where
it is examined and cut .square by a large diamond, fix-

ed in a wooden handle, and attached to a block of
vrood to hold it in the proper position, to cut in the

same manner as the cutter of a plane. This tool being Plate Gl
drawn over the surface of the glass, cuts so far, tiiat "•—"v
very slight blows with a sharp edged hammer on tlio

opposite side of the glass will break it ; and if the fraci.

ture is very rough, the irregularities are reduced by
breaking them oft" with pincers.

The glass plate only requires to be ground and po- Grindinj

lished, which is performed by bedding the plate with
plaster of Paris, upon a table covered with a large slate

stone, and laying a smaller plate upon it, which is load-

ed with weights, and drawn backwards and forwards over ,^

the great plate : Sand plentifully moistened with water,

grinds away all the prominences of the glasses, until the
siu'faces of both plates become plane or even. The up^
per or moveable glass is defended by cementing it to

'

a strong plank, and upon the back of this the weights
are laid, which cause the pressure. To give the work- t

men hold of the plate, a large light coach wheel is <{

placed upon a pin, which projects upwards from the '

centre of the plank, and two or four workmen take hold '\

of the rim of the wheel on opposite sides, alternately
.

•!

pushing and pulling it in all directions. As this action
!

is transferred by the wheel to the centre pin, the plate .

is at liberty to move in any direction ; and the work-
i

men must take care to vary this every instant, to pre-

vent the glasses grinding each other into furrows or i

channels. The table upon which the grinding is per-

formed, is surrounded by a ledge of about two inches
[

high, to retain the sand and water with which the j

lower plate is covered. When great nicety is required,

the upper plate should be changed for another up-
per plate which has been ground on a different table

;

because two jjlates may grind themselves to a portion

of a sphere, one becoming concave and the other con-

vex ; but by changing the grinding plates so as to bring

two convex or two concave surfaces togetheii, they will

correct each other. When the plates are small, the

wheel is not used to move the upper one ; but the

board to which the upper glass is cemented has four

small handles projecting up from it, by which the work-
men take hold. When, by the grinding, a perfect I

surface is obtained, a finer^sand is used to produce

a smoother surface. A succession of emeries, of dif-

ferent degrees of fineness, are used after the fine sand,

and with these the operation of grinding is finished.

The grinding of both sides being completed, the glass Polishi,

is polished by bedding it with plaster upon a flat table, '

\

and rubbing on the surface with the polisher, which
[

i

is a block of wood, covered on the lower side with
i

woollen cloth. The workman keeps it supplied with
i

fine polishing powders, as tripoli and putty ; at first
!

using the coarsest, and, towards the end of the opera-

tion, the finest. The block of the polisher for large

plates is about ten inches square, and has two handles

projecting from it. But to regulate the pressure, a

springing pole is put upon the back of the block, and
being bent to a curve, is supported in the ceiling of the

workshop. When both surfaces are polished, the glass

is laid upon a table covered with a cloth, and any de-

ficiences are removed, by a small polisher applied by

the pressure of the lland without a spring.

In the plate glass manufactory at Ravenhead in Lan-

cashire, which we have had occasion to examine, the

operation of grinding and polishing is performed by
appropriate machinery driven by two large steam en-

gines. There is nothing very peculiar in the nature of

this machinery, excepting the ingenious contrivance for

changing the path of the polisher in adviuicing and re-

turningoverthe plate ofglass. SeeENoLANOj vol. ix. p. 10.

3
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Sect. VII. Oii the Formation of Coloured Pastes.

In our article on Gems, p. 128, we h.tve already had
occasion to consider the subject of coloured pa-tcs, or
ficlitiou.s fjcnis. We have described the method of Kon-
tanieu of" making n colourless base, and afterwards

communicating to it any particular tint by metallic

oxides ; but as we have followed that ingenious author
only in -so far as his experiments relate to the imitation

»if precious stones, such as the oriental topaz, the arae-

thys.t, the hyacinth, and the beryl, we shall here resume
the subject, and give an account of his method of pro-
ducing other colours.

1

.

From Gold.—To obtain the purple colour known
l)y the name of precipitate of Cassius, M. Fontanieu
employed the following process.

Distil in a glass retort, placed in a bath of ashes,

some gold dissolved in aqua rejjia, made with three
parts of nitrous, and one part muriatic acid; when the
acid is passed over, and the gold contained in the re-

tort appears dry, leave the vessel to cool, then pour it

into some new aqua regia, and proceed to distil as be-
fore. Replace the aqua regia twice upon the gold,

and distil it. After the.se four operations, pour by
little and little into tiie retort some oil of tartar per de-
liquium, which will occasion a brisk effervescence

;

when this ceases, distil the mixture till it becomes dry,
and then put some warm water into, the retort. Siiake
the whole, and put it into a cucurbit, when a precipi-

tate is deposited, the colour of which is either brown
or yellow. After having washed this precipitate, dry it.

2. From Silver.—The oxide of silver being vitrified,

produces a yellowish-grey colour. This oxide enters

only into the composition of the yellow artificial dia-

mond and opal. Mr Fontanieu introduces it into the
base in the form of horn silver (inrta cornea). In or-

der to prepare it, he dissolves the silver in nitrous acid,

and afterwards pours into it a solution of sea salt : a
white precipitate is obtained, which, being washed and
dried, melts easily in the fire, and is soon volatilized,

if not mixed with vitrifiablc matter.

3. From Copper.—TJie oxide of copper imparts to
white glass the finest green colour ; but if this metal
be not exactly in a state of oxidation, it produces a
brownish-red colour.

4. From Iron.—Though it is commonly believed that
the oxides of iron communicate a very fine transparent
red colour to white glass, M. Fontanieu could only
obtain from it a pale red, a little opaque. The oxide
of iron he employed, was in the, proportion of the
20th part of the base. There are various ways of
preparing the oxide of iron called crocus martis.
In general it is necessary that this metal be so far oxi-
dated that the magnet ceases to attract it. Thus one
may use the scales of iron found upon the bars of fur-
naces, which serve to distil aquafortis. By digesting
filings of steel with distilled vinegar, then evaporating
and replacing the vinegar ten or twelve times upon
these filings, and drying them alternately, an oxide of

' iron i.s obuined, which must be sifted through a silk
sieve, and then calcined. The oxide of iron, thus
obtained by the vinegar, only introduced into the
bases a green- colour inclining to yellow. By the
following process, one of the linest red colours is ob-
tained :— Let an ounce of iron-filings be dissolved in
nitrous acid, in a glass retort, and distilled over a sand-
bath to dryness. After having replaced the acid or the
drj- oxide, and re-distilled it a second and a third time,
it is then edulcorated with spirits of wine, and after-
wards washed with distilled water. .^^ ,^^t,

5. From Cobalt.—The oxide of cobalt is made use of CoIpum*

for introducing a blue colour into gla.s8: but as this metal **"'"

is rarely free from iron and bismuth, it is first necessary
ivj",),'^!

~^
to separate them from it. This is done by calcining nbtaining
the cobalt ore in ortler to disengage the arsenic; anil ciilourii

next distilling the oxide in a retort with sal ammoniac, ff™ diffe-

when tlie iron and the bismulii are found sublimed with ""' in«t*li.

this salt. The distillation must be repeated with the
sal ammoniac till this salt is no longer coloured yellow.
The cobalt which remains in the cornute is then cal-

cined in a pot.shcrd, and becomes a very pure oxide,
which being introtluced into the base, in the proportion
of a <)(X)th part, gives it a very fine blue colour.

G. From Tin—The oxide of tin, which is of a white
colour, renders opaque the glass with which it is melt-
ed, and forms white enamel. For this purpose, calcine
the putty of tin ; then wash and dry it, and sift it

through a silk sieve. Take six pounds of the second
base, (See Gems, p. 12S.) the same quantity of the
calcinetl putty of tin, and 48 grains of manganese.

7. From Anlimony.—Antimony is only susceptible of
vitrification in a certain state of oxidation, and then it

produces a reddish hyacintli-coloured glass : but if the
antimony be in a state of absolute calx, such as the dia-
phoretic antimony, then it is no longer vitrifiable, and
may be substituted for oxide of tin, to make white ena-
mel.

8. From Manganese.—Employed in a small quantity,
this metallic substance renders the glass whiter; a lar-

ger quantity produces a very fine violet colour, and a
still larger dose renders the glass black and opaque.
There are two ways of preparing manganese. The most
simple consists in exposing it to a red heat, and then
quenching it with distilled vinegar : it is then dried and
powdered, in order to ])ass it through a silk sieve. The
other method ofpreparing the manganese proper to fur-
nish a red colour, is described by Blancourt, who calls it

" fusible manganese." Take of manganese ofPiedmont,
one pound; torrefy and pulverize it; then mix it with a
pound of nitre, and calcine the mixture during 24 hours

;

afterwards wash it repeatedly in warm water, till the wa-
ter of the leys has no longer any taste ; dry the manga-
nese, and mix with it an equal weight of sal ammo-
niac ; levigate this mixture on a slab of porphyry, with
sulphuric acid, diluted with water to the strength of
vinegar. Dry the mixture, and introduce it into a cor- ^

nute : distil by a graduated fire ; and when the sal am-
moniac is sublimed, weigli it, and add to the mixture
an equal quantity. Then distil and sublime as before,

and repeat the operation six times, being careful at each
time to mix the sal ammoniac and the manganese upon
the porphyry with diluted sidphuric acid.

Compositions.—To make the ivhite diamond, take the ComtKui-
Mayence base. This base is very pure, and has no co- tions to imi.

lour. It is similar to the beautiful white paste, so gene- we the

rally known by the appellation of Strass. precioiui

For the Yellow Diamond.—To an ounce of the fourth
''""'^^

,

base, add, for colour, 24 grains of horn silver, or tea
grains of glass of antimony.

For the Sapphire.—To 24 ounces of the Mayence
base, add two drachms 46 grains of the calx of cobalt.

For the Oriental Rubi/.— 1. To 16 ounces of tlie May-
ence base, add a mixture of 2 drachms 48 grains of the

precipitate of Cassius, the same quantity of crocus mar-

.

tis prepared in aquafortis, the same ofgolden sulphur of
antimony and of fusible manganese, with the addition

of two ounces of rock crystal : or, 2. To 20 ounces of
the base made with flints, add half an ounce of fusible

manganese, and two ounces of rock crystal.

For the Balas Ruhi/.— 1. To 16 ounces of the May-.
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Stuaing of encc base, add the above colouring powder, but dimi-

Glasj. nished a finirth part : or, 2. To 20 ounces of the base
''"^'y^ made with flints, add the same colouring powder, but

with a fourth less of the manganese.

For the Brazil Topaz.—To 24 ounces of the second

or third base, add, for colour, 1 ounce 24 grains of the

glass of antimony, and 8 grains of the precipitate of

Cassias.

For the Saxon Topaz.—To 24 ounces of the first or

third base, add six drachms of the glass of antimony.

For the Emerald.— 1. To 15 ounces of either of the

bases, add, for colour, one drachm of mountain blue

and six grains of glass of antimony ; or, 2. To an ounce

y of the second base, add, for colour, 20 grains of glass of
antimony, and three grains of calx of cobalt.

For the Common Opal.—To an ounce of the third base,

add, for colour, 10 grains of horn-silver, two grains of

calcined magnet, and 26 grains of an absorbent earth.

Sect. VIII, On the Art ofStaining Glass.

(j[jj. Glass stainins is the method of ornamenting glass for

Ruining. the windows of churches, or other edifices, by pictures

or designs painted in colours, which are made to pe-

netrate into the substance of the glass, by means of fire.

Stained glass is frequently called painted glassy but the

distinctionshould always be preserved between the paintf

ing with transparent colours upon a surface of glass, and
the staining or tinging ofthe glass itself, with the colours

which produce the picture. As pictures in coloured glass

are always placed between the spectator and the light,

they have an effect altogether different from any other
species of painting ; and, from the transparent brilliancy

'
of the colouring, the spectator is often struck with admi-
ration, independent of any excellence in the subject of
the picture.

Transparent colours painted on glass, either in water
or varnish, can never attain the brilliancy of the colour-

ed glass, but from the great difficulty of staining cer-

tain colours, it is very common to find, in modern win-
\ dows, part of the colours painted on the surface, whilst

the large tints are stained.

It was not until the 1 5th century that the stained
glass was made to produce the effect of strong lights and
shades ; but respecting the methods employed by the
painters of those superb specimens which we find in
cathedrals, we are wholly uninformed ; and our infor-

mation is now chiefly drawn from a Memoir of M.Leviel,
published in the Description des Arts et Metiers, vol.

xiii. This gentleman was himself a painter on glass, and
the only one ofeminence who has written upon the art.

The glass upon which it is intended to paint should
be very hard, without spots, or any colour. Crown
window glass is the best ; for cast or plate glass has bo-
rax in its composition, which would make the colours
to run or spread. When the design is too large to be
contained on a single piece of glass, several must be fit-

ted to one another, and a bed of some resinous cement
prepared, upon which they can be readily put together,
and held on one flat surface whilst painted, with proper
spaces for the lead frames, and yet be readily separated,
to subject the pieces separately to the fire.

In arranging the pieces ofglass which are to be paint-
ed, care must be taken to dispose the joints so that they
may do the least injury to the design by the opacity of
the lead frames, by which the pieces must be joined to.
gether, m order to form a large window.
The design which is intended to be painted upon the

glass, must be accurately drawn upon a sheet of paper
in outline ; or, if necessary, in its proper colours. In
*lus species of painting, the artist works (luite in the

dark as to the effect of his picture, because the colours
are produced by the fire ; and when the preparations
are laid on the glass, they'are either colourless, or per-
haps have colours quite different from that with which
they will ultimately stain the glass.

Tlie design drawn upon the paper, is placed beneath
the plate of glass, or upon the bed, when several sepa-

rate pieces are used. The upper side of the glass is

then brushed or sponged over with a fine clear gum-wa-
ter. This, when periectly dry, forms a surface proper
to receive the colours, without danger of their running
or spreading beyond their intended limits, as tiiey would
do if laid upon the smooth surface of the glass. The first

operation, is to draw upon the glass with r. fine pencil,
all the lines which are necessary to produce the shades,
and to mark the outlines. This is usually done in a
black colour, or at least in some deep colours, such as
brown, blue, or green, and sometimes red. In laying
on these, the artist is guided by the same principles as
the engraver, when he produces the effect of light .ind

shatle, by dots, lines, or hatches ; and he employs tliat

colour to produce the shades, which will best accord
with the colour which is intended afterwards to be laid

on ; but, in general, black is used in the outline for aU
the deeper shades. When this is finished, the whole
picture will appear represented in lines or hatches simi-

lar to an engraving, finished up to the highest effect

prssible ; and afterwai Js, when it is perfectly dry, the
colours are laid on by means of larger pencils. Each
colour is spread upon the part of the design which re-

quires it ; as the flesh colour upon the faces of the fi-

gures, the green for trees, blue for the sky, &c. ; but in

doing this, the artist labours under the disadvantage of
being unable to see the effect of his work, until it has
been subjected to the fire. He therefore avails himself
of a number of trials made upon small pieces of glass,

which he keeps as specimens of the effect of the diffe-

rent colours, properly numbered, to correspond with
the preparations which he employs for colouring : he
must, therefore, search among these specimens for the
tint, and apply the proper preparation.

In laying on the colours, it must be observed, that

some preparations which produce beautiful colours, are

liable to raw or mix with those which ai-e adjacent to

them, so as to confound the outlines of each respective

colour, by producing a mixture of the two. This is a

serious difficulty ; the artist must refer himself to his

trials ; and when he finds it necessary to lay two ad-

joining colours which will run together, he must lay-

one of them on the back ofthe glass. The few princi-

pal colours, of which we shall presently give the prepara-

tion, are all fast colours such as will not run, except the

yellow, which must therefore be laid upon the opposite

side. It should be observed, that those colours which
will mix or run, are equally useful with the others when
applied to produce compound tints; but the artist should

not attempt to use them without being well acquainted

with their properties, otherwise he may by a very small

tint of improper colour destroy all his work.

After colouring, the artist proceeds to protluce the

very light parts rf his subject, by taking off the colour

from them by a goose quill, cut like a pen without a

slit. By working this upon the glass, he removes the

colour from the parts where the lights should be the

strongest ; such as the hair, eyes, the reflection of bright

surfaces, and light parts of draperies. The blank pen
may be either employed to make the lights by lines, or

hatches and dots, as will be most suitable to the sub-

ject, and the part where they are required, in the same

loamier as the black was used to produce the shades.

Stairting!

Method
layinj; on

tlie coloiu
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The fjlass is now rviKiy for burning, to fix the colours,

or rather stain theplass, by the preparations which have

been laid upon it The furnace most proper for the

pui-j)ose, is similar to that used by assayers or cnamcl-

lers. It consists of a muffle, or arch of fire clay or

pottorj', so placed over a fire place, and surrounded by

flues, as to receive a very considerable heat, but in tl.-i

most cqiuble and regular manner throughout the whole

;

for if this is not attended to, some parts of the glass

will become too nuich stained, before the colour takes

place in others. The mouth of the muffle, and the en-

try to the fire through wliich the fuel is supplied, should

be on o})posite sides, to prevent as much as possible the

entry of dust into the muffle ; and the mouth of the

muffie should be closed by iron folding-doors, with

small openings or peep holes through them, to allow

the artist to observe the progress of the burning, by
withdrawing small trial slips of glass, which are stained

with tl>e principal tints employe<l in the picture.

The muffle must be made of very good fire clay, flat

at the bottom, and only five or six inches high, being

so much arched at the top as is necessary to render the

roof strong, and resist falling in by its weight when heat-

ed ; the muffle must be so close on all sides, as to admit

no smoke or flame. Before the plate of glass is intro-

duced into the furnace, a bed is prepared upon the bot-

tom of the muffle. For this purpose, lime is used. It

must be previously burned, so as to yield no more gas,

and then reduced to a fine powder. In this state, the

bottom of the muffle is strewed half an inch deep, and
levelled with a feather. The glass is then introduced,

and sometimes the muffle is filled up with other glasses

laid above the first, having beds of lime between each.

The fire is lighted after all is shut up close, and the heat

is raised very gradually at first, lest the glass should be

broken by it ; but after the fire has attained its full heat,

it is continued for three or four hours, more or less, ac-

cording to the appearances observed upon the trial slips

of glass, which are withdrawn for that purpose; and
the yellow colour is principally attended to, as that is

found the best test for the others. The operation of

burning being thus finished, the fire is extinguished, or

rather suffered to die away, and the heat to subside gra-

dually, to prevent the glass becoming brittle, as it

would do without this precaution ; for the heat when
at the greatest, must be sufficient to make the glass very
flexible, as is seen by the trial glasses.

We shall conclude this Section with the preparations

for a few principal colours.

Preparation for staining glass ofajlesh colour.—Take
one ounce of minium, and two ounces of red enamel, of
that kind which is called Venetian glass enamel ; pound
them to a fine powder, and grind it with brandy upon
a hard stone. This mixture, when slightly baked, will

produce a fine flesh colour.

B/aci cotoMr.—Take 141 ounces of those scales of
iron, which are found round the anvil of a smith's shop;
mix with it two ounces of white glass, an ounce of an-
timony, and half an ounce of manganese

;
pound and

grind them together with strong vinegar. BrilUant
black may also be obtained, by a mixture of blue with
the oxides of manganese and iron.

Anolher black colour.—Take equal parts of iron scales

and of small beads or fragments of glass ; pound them
exceedingly fine, and grind them to a consistence to
work with a pencil.

Another black is made from three parts of glass of
lead, two parts of the scales of copper, and one of anti-
mony, treated as before.

For troiwi.—Take one ounce ofwhite glass or enamel

and half an ounce of good ma)]g«ne.se
;
grind them first Staining rf

very fine with vinegar, and afterwards with brandy. .,^'**tL i

-'

Red, rose, and brown colours, are made from red oxi-
;vu',h,'j'rf

dated iron prepared with nitric acid. Their flux is com- preparing

posed of borax, sand, and minium, in small quantity. the culour*.

For red.—Take one ounce of red chalk poundetl, and
mix it with two ounces of white hard enamel, and a

small proportion of the scales of copper which fall off

when it is much heated in a forge. This will make a

very good red, but requires trial if it will support the

fire ; and if not, add more of the scales of copper.

For niiolher red.—Take one part of red chalk, which
is too hard to write with, one part of white enamel, and
a fourth of oq)iment ; grind them together with vinegar.

This is a strong poison.

Or a red may be composed of rust of iron, glass of
antimony, and yellow glass of lead, such as is used by
potters, these three in equal quantities ; to which add
a little silver, calcined with sulphur. This composition

ground fine, produces a very fine red colour on glass.

When the oxide of copper is used to stain glass, it as-

sumes a bright red or a green colour, according as the
glass is more or less heated in the furnace.

Bistres and bronn reds may be obtained, by mixtures

of different proportions of manganese, brown oxide of
copper, and the oxide of iron called umber. They are

previously fused with their solvents.

For green.—Take two ounces of brass burned until

it becomes a calx, two ounces of minium, and eight

ounces of fine white sand ; reduce them to a fine pow-
der, which inclose in a well luted crucible, heated in an
air furnace with a strong fire for an hour. When this

mixture is cold, pound and grind it in a brass mortar.

Green may often be advantageously obtained, by a yel-

low on one side, and a pale blue on the other.

For a Jine yellow colour.—Take fine silver in thin

plates, and dissolve it in nitrous acid, and precipitate it

;

mix the precipitate with three times the quantity ofpipe-

clay, well burnt, and pounded. With this the back of
the glass must be painted, or it will run into the other

colours.

Anolher yellow can be made by melting silver in a
crucible, and whilst in a state of fusion throw into it

powdered sulphur in small ([uantities, and stir it up
until the silver is reduced tc a calx. Grind this upon
a stone, and mix with it as much antimony a. the silver,

and some yellow ochre, which l\as been previously cal-

cined in a crucible, until it is changed to a red brown
colour. Work all these together with urine, and paint
it on the back of the glass.

Ano!her yellow.—Cut thin plates of silver into small

pieces, ana put them into a crucible with sulphur and
antimony. When melted, throw out the contents into

clear water, and afterwards pound and grind the prepa-
ration,- so that it will work with a pencil.

A pale yellow.—Fill a crucible with thin plates of
brass, with beds of sulphur and antimony in powder.
Burn it till it ceases to smoke, and throw it hot into wa-
ter. Reduce this to fine powder, and having added six

times as much yellow ochre' burnt, mix it with vinegar.

A Jine ycllorv, equal in beauty to that of the ancient

painters, ilias been discovered by M. Meraud. He em-
ploys muriate of silver, oxide of zinc, white clay, luid

the yellow oxide of iron. These colours are applied to

tlie glass simply ground, and without flux.

Blue co/our,—Take mountain blue, and beads ofglass,

equal portions ; grind them whilst dry to an impalpable

powder, and proceed as with the others.

In general, the same colours as are used for painting

on porcelain, and many of those used in enamel {>aiat«
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Mtihif's of infr, msy bo errn)lo3'ecl with success upon gl,>ss. But

aiiting gjj^j jjj]^ jj,g pjiiiiter „,ugt employ no colour without ma-

^ , "^[^ king ti-ial of it upon the slips of glass. The colours in

general become more faint by longer continuance in the

fire, because they sink deeper into the glass. But every

preparation varies in this respect. All the colours are

mixed up for the pencil with gum water in sufficient

quantity to make them work properlj'.

Brongniart's A number of very interesting experiments on the co-

experiment lours obtained from metallic oxides, and fixed by means
on the CO- of fusion either on porcelain or glass, have been made by
lours from

j\f ,nrongniart,director of the royal porcelain manufacto-

Sm."
'* ""'

""y "' Sevres. In the preceding list, we have already

given some of his results ; but in our article Porcela ik,

which that celebrated mineralogist has undertaken to

•furnish for this work, our readers may expect the ful-

lest and most recent information on the subject.

Sect. IX. Oti the different Methods ofCuititig Glass.

Method of A plate of glass may be cut into any shape, either by
cutting j]jg jiaiiion,]^ or by a bar of red hot iron.
^^^ A late and intelligent writer (see Parkes' Chemical

E.i-ays, vol. V. p. 208) remarks, that there is some-
with the tiling very mysterious respecting the action of the dia-

diamond. mond in cutting glass : and he informs us, that ifa sheet

of glass, cut with a diamond, be examined before it is

actually broken into its intended divisions, it will be

seen that it is entirely cut through except at the vpper-

mosl surface. If this statement be correct, the opera-

tion of the diamond might well be pronounced m3'Ste-

rioiis ; but we can assure our readers, that we have had
occasion to examine the fissures or clefts produced by a

fliamond, and we have always found, that they com-
mence on the upper side of the glass where the diamond
is applied, and extend gradually downwards. This

may be distinctly seen, by reflecting light from the se-

parated faces, and the progress of the fissure downwards
will be marked by the change produced upon the reflect-

ed light. We conceive, therefore, that there is no myste-

y whatever in the action of the diamond. A piece of

soft and smooth wood will cut a plate of coagulated isin-

glass without any difficulty ; a piece of steel will, with

the same ease, cut a plate of wood ; and, in like man-
ner, a diamond will cut a plate of glass with the same
facility, because it is as much harder than the glass, as

the wood is harder than the isinglass, or as the steel is

harder than the wood.

In order that the wood may cut the isinglass, or the

steel the wood, th'e cutting point must be smooth, other-

wise the surfaces to be cut wiU be torn up or scratched,

instead of being really divided. For the same reason,

the diamond must have a smooth natural point, or so-

lid angle ; for if a piece broken from a diamond is em-
ployed, it will only scratch the glass.

Mr Atwood, in a communication to Mr Parkes, in-

fonns us, that a good cutting diamond should be of a

regular rhomboidal form, or have one regular smooth
edge and rhomboidal point. The least deviation of the

diamond from a particular position and inclination will

prevent the cut from taking place. The workman, who
is guided altogether by his ear, judges by the peculiar
creaking of the glass ; and if he does not hear this par-
ticular noise, he varies the position of the diamond till

it occurs, and then draws it onwards. The diamond
apparently wears down at the cutting point by long use,

though it will last an ordinary glazier for many years.
' When the cut is perfectly good," says Mr Atwood,

'•' it should be an 2n/er««/ fracture, unaccompanied with
any scratch, or any visible impression on the surface

whatever; for in proportion as any such, superficial in- Mctho,;

jury is produced, the completeness of the internal frac- ™"'i

ture is diminished. This fracture, therefore, which is
^^^

called a cut, from its resemblance thereto in its effecta,
**

as also in the similarity of its appearance to a real cut,

produced on any other substance by a sharp edged instru- *!

mentjbut which has closed again, (the expression being '

furthercountcnanced,bythesharp fomiofthatpart ofthe <

diamond which comes in contact with the glass,) is real-

ly no cut at all, nor does the diamond so much as eriter
I

the surface." If this reasoning be just, it will follow,

that a good diamond is not capable of making any im»
pression upon the surface of a plate of glass over whicli i

it is drawn, and that it acts where it is not, and does not
act where it is. It would require singular ingenuity to i

support such paradoxes.

Mr -Shaw, ^n ingenious watchmaker in Leicester- shartt
shire, being desirous of giving some assistance to a re- tent di*i

lation of his own, who was a glazier, and who, by a pa- moni
ralytic affection, was unable to pursue his trade, invent-
ed a method of fitting up a diamond, by which any

(

person can cut glass as perfectly as the most experi- '

enced glazier. This invention was made about a year
i

ago, and its advantages have been secured by a patent.
" By the use of one of these instruments," says Mr
Atwood, " a person not at all accustomed to a diamond,

|

may produce a perfect cut over a table of glass so un- i

even in its surface, that the most skilful workman, with j

a common glazier's diamond, would not be able to pro-
duce a cut of any kind upon it. This consists in giv-

ing the diamond perfect play, and at the same time af-

fording it such guide and support, as effectually prevent
it from being affected by the unsteadiness of the hand,
or unevenness of surface in respect of its inclination to

the plane ofthe table ; whereby the diamond, being well

set or mounted in its carriage, becomes equally certain

in the hands of every person." Parkes' Chemical Es-
sai/s, vol. v. I'his patent diamond is represented in

Plate CCI.XXV. See the description of this Plate at

the end of the volume.
When a plate of glass is very thick, it cannot be

jjjtho <

easily cut by the diamond ; but the same effect may be cuttinc

produced by the proper application of a hot iron. The glass b

part of the g^ass where the cut is to commence must be h"' "^

marked by a file, and a hot iron must be applied to the

place, and held a little below the groove which the file

has made. In a few minutes the glass will give a crack,

and the iron must be instantly removed. The iron must
be again applied a little below the termination of this

crack, sometimes one-tenth or two-tenths of an inch
|

distant from it, and in the line in which the cut is to be
made, and the crack will advance in the direction ofthe
iron. By again applying tlie iron in a similar manner,
the crack may be conducted in any required direction.

If the glass is to be cut in the form of a curve, then the

hot iron must always be held very near the termination

of the crack, in order that it may advance by short steps.

The fissure is often most complete on the side of the

glass where the iron is applied, and it is sometimes ad-

visable to apply the iron to the opposite side. By this

means, we have often cut plates- of glass four-tenths of

an inch thick with the utmost accuracy. !

Glass may also be cut under water by a pair of scis-

sars, but in an imperfect manner. If the operation were
performed under a thick viscid fluid, the effect would
be still more complete.

Sect. X. Physical Properties of Glass.

There is perhaps no substajice to whicli the progress
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of the arts nrnl the sciences has been so much indebted

as glass ; nnd thcro is none which has contributed more

to the splendor and the comfort of civilized society.

W'c do not propose to enter at present into any de-

tailed account of the electrical, the ahcniical, or the

opticiil properties of glass, which the reader will find

fully discussed mider our treatises on Ciiemistiiy, I'^lfx-

TRU iTY, and Optics. Wc intend merely to enume-

rate some of the physical properties which either dis-

tinguish it from other botlies, or which could not

with propriety be noticed under other heads.

CJlass possesses the remarkable property of suffer-

ing no change by the ap])lication of the most intense

heat. The eft'ect of great heats is only to melt the glass,

or to dissipate it in vajxmr ; but as long as any of the

glass remains, it still preserves its transparency, and

other distinguishing properties. The conversion of glass

into porcelam by long continued cementation with other

materials, happens only to that particular kind which is

made of alkaline salt and sand.

Of all the solid substances whose expansibility has

been accurately examined, glass possesses the proper-

ty of being the least affected by heat and cold. Its

expansion, according to General Roy, with an increase

of heat equal to 1 80° of Fahrenheit's thermometer, is

only 0.000776, while that of platina is 0,000856, and
that of hammered zinc 0.003011. On account of this

property, glass is peculi^irly fitted for containing fluids

whose expansions are under examination, as its own
change of form may in ordinary cases be neglected.

For the same reason, it is better than any other sub-

stance for the simple pendulum of a clock. See Expan-
sion, p. 93i, 250.

The great ductility of glass is one of its most re-

markable properties. When heated to a sufficient de-

gree, it may be moidded into any possible form with

the utmost facility, and it can be drawn out into

iIio8 of the finest fibres. The method of spinning glass is

very simple. The operator holds a piece of glass over

the flame of a lamp with one hand ; he then fixes

a hook to the melted mass, and withdrawing it,

he obtains a thread of glass attached to the hook.

The hook is then fixed in the circumference of a

CA'lindrical drum, which can be turned round by the

hand ; and a rotatory motion being given to the

dnmi, the glass is drawn in the finest threads from

the fluid mass, and coiled round the cylindrical cir-

cumference. M. Reaumur supposed, with great proba-

bility, that the flexibility of glass increased with the

fineness of the threads, and hi- therefore conjectured,

that if they were drawn to a sufficient degree of fine-

ness, they might be used in the fabrication of stuffs.

He succeeded in making them a» fine as a spider's web,
but he was never able to obtain them of a sufficient

length when their diameter was so much reduced. The
cireumference of these threads is generally a flat oval,

about three or four times as broad as it is thick. By
using opake and transparent glass of different colours,

artists have been enabled to produce the most beautiful

ornaments.
When glass has been annealed or cooled slowly, it is

able to resist very considerable force without being
broken ; but when it has been cooled suddenly, either

by exjjosure in the open air, or by immersion m water,

it exhibits very remarkable properties. These proper-
ties are shewn in what are called Prince Rupert's drops,
and glass cups.

The phenomena and the formation of Prince Rupert's
drops, and the theory of their esplosion, have already
been explained in our article Annealino. The earliest

ynlity of

p'ling

I.

experiments upon glass tears were made in iG.ifl, both Vhyuait

in London and Paris ; but it is not certain in what '^"P""^'

country they were invented. They were first brought p~^„^ ru.
to Kngland by Prince Rupert, third son of the F.Iec- p^f.-adrop,

tor Palatine Frederick V. and the Princess Elizabeth, or glaa

daughter of James I. and experiments were made up- «c«*

on them by the Right Hon. Sir Robert Moray, in

1661, by the command of his Majesty. An account of

these experiments is to be found m the Registers of the

Royal Society, of which he was one of the founders.

The following experiments have been recently made
on these drops by Ur Brewster, and published in the

Phil. Trans, for 1814, Part H. and 1815, page 1.

" Having ascertained that glass melted and suddenly Dr Brewi-
'

cooled, possessed all the optical properties of crystal- ter's experi-

lized bodies, I was anxious to determine if it exhibited •"cni* on

any other marks of a crystalline structure. Upon exa- P '!f
*

mining the bulb of an unannealed drop AB, Plate
(,,., yJ,..

CCLXXIV. Fig. 1. by holding it between the eye and
pjg, j^ g^

a sheet of white paper, I observed a number of lines

converging to the vertex a, as represented in Fig. 2.

This structure was more or less apparent in every bulb
which 1 examined, but never appeared in annealed

drops. It exhibited itself even on the surface, and
seemed to be owing to an imperfect' crystalline form,

yet it was not marked witli sufficient distinctness to en-

title me to consider it as the effect of crystallization.

In one specimen, however, where the bulb AB remain-

ed imshattered, while all the rest of the drop was burst

in pieces, the lines diverging from a ware most dis-

tinctly marked, and the bulb M-as actually cleft in the

direction of these lines, so as to produce a real disloca-

tion at the surface of the drop. We may therefore con-

sider the drop as possessing that crystalline structure

which gives cleavages in the direction of lines diver-

ging from its apex. By examining the fragments of

the drop after it is burst, another cleavage is distinctly

perceptible : it is parallel to the outer surface, and pro-

duces a Concentric structure like that of an onion. A
third cleavage is visible in the direction of lines inclined

to the axis of the drop, as represented in Fig. 3 ; but
p;,.j^ j,^ ^

it is not so distinct as the two first. These cleavages are

represented in section in Fig. 4.

As it appeared probable that the glass drops pos-

sessed a less degree of density than if they had been
annealed, I attempted to ascertain this point by mea-
suring their specific gravities in these two different

states. The unannealed drops, however, had always
one or more vacuities, such as E, F, Fig. 1. so that I

was able to obtain only approximate residts by estimah

ting the magnitude of these cavities.

The following specific gravities were measured by.

my friend Mr Jardine, with his usual correctness.

Unannealed flint glass drop. Fig. 1. . . . 3.'i0105

Annealed flint glass from the same pot . 3.2763
In order to correct the first of these measures, I

moulded a piece of bees' wax into the size and form of
the cavities E, F, Fig. 1 . by examining them under a
fluid of the same refractive power as the glass. I therv

forme<l the two pieces of wax into a sphere, and thus

ascertained, with tolerable accuracy, the weight of a
(juantity of water of the same magnitude as the cavi-

ties. By this means, 1 obtaine<l the corrected specific

gravity of the unannealed drop' 3.il()i.

With the view of obtaining some farther insight into

the structure of the crystallized drop, I brought the

one, repre.sented in Fig. 1, nearly to a red heat. Its

shape suffered no change at thiSi temperature, and the

vacuities E, F, still remained ; but it had now lost the

faculty of depolarisation, and the particles had tI)erefor«x
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Physical assumed a new arrangement. By increasing tlie tem-
Properties. perature, the cavities E, F, disappeared : the lower

side of the drop, upon which it rested, was indented by

the bottom of the crucible ; but it had in no other re-

spect lost its external sliape, the appearance of the

cleavage in Fig. 2. remaining unaltered. In this state

Mr Jardine measured the specific gravity of the drop,

and found it to be 3.278, which is almost exactly the

same as that of the annealed drop.

In order to observe the manner in which the cavities

disappeared, I suspended one of the drops by a wire,

and viewed it %ith a telescopic microscope when ex-

posed to a strong heat. Soon after the drop became
red hot, the cavities gradually contracted, and at last

vanished, the centre of the cavity being the part that

was last filled up. The drop had begun to melt at its

smaller extremity, but the lines represented in Fig. 2.

were still visible, the heat probably not having been

Sufficiently intense to affect its superficial structure.

As the specific gravity of the crystallized drop is

nearly the same as that of the annealed drop, the cavi-

ties must be produced by the contraction which the in-

ternal part experiences in cooling, for the sudden indu-

ration of the outer layer prevents the contraction from
taking place in any other way. The manner, too, in

which the cavities disappear, is a complete proof that

they contain no air, and hence we may consider their

magnitude, which increases with the size of the drop,

as a measure of the contraction which the glass un-
dergoes in its transition from the temperature at

which it melts, to the ordinary temperature of the at-

mosphere. See Expansion, p. 255.

I am informed by Dr Hope, that he has obt^ned un-
annealed drops of crown glass, in which there were no
vacuities, and that they all burst spontaneously in the

course of a few months." Phil. Trans. 1815, p. 1.

The unannealed glass cups, which we have mention-
ed under Annealing, are represented in Fig. 5. Plate

CCLXXIV. The lower end B is made very thick, and
the bodies, sucli as a musket ball or a fragment of flint,

are dropped into the mouth of it at A. The stroke of
the ball upon the thick bottom will produce no effect,

while the blow of the small fragment of flint will burst

the cup with great violence. The following are the

dimensions of the cup represented in Fig. 5 :—Length
4^ inches ; width at top 1 ; width at bottom 1 -^^

;

thickness of glass at top -j^ ; greatest thickness of glass
at bottom ^^.

The bursting of these cups is effected, when they
are even three inches thick at the bottom. In an
experiment made by Dr Littleton upon a cup of this

magnitude it resisted a blow from a musket ball let fall

from a height of nearly three feet, while it was instant-

ly broken by a shiver of flint weighing only two grains.

An account of numerous experiments made with
these cups will be found in the Philosophical TransaC'
lions for 1745, vol. xliii. No. 477, P- 505.
The Right Hon. Sir Robert Moray discovered that

hollow balls made of unannealed glass, with a small
hole in them, would be burst in pieces by the heat of
the hand alone, by stopping up merely the small hole
with the finger. This obviously arose from the pres-
sure of the expanded air on the interior of the ball.

About the year 1740, when Mr C. Orme, of Ashby
.

de la Zouch, was drying the glass tubes for his diago-
finK tu

j^^i barometers, he observed ihat they had not only a
rotatory motion about their axis, but also a progressive
motion towards the fire. These tubes were about^four
feet long, and half an inch thick, and when placed
about 6 or 8 inches from the fire, they moved " not only

Vnannealed
glass cups.

Plate
CCLXXIV.
Fig- 6.

Tnannealed

hollow

Bntatoiy

woti«n of

progressively, but about their axis along the side wall Pliyi

against which they leant, and along the front wall of '''"P*

the chimney, which made an obtuse angle with the JT^
other, so that they seemed to move up hill, and against motior
their weight." The Rev. Granville Wheler, to whom giassu

Mr Orme shewed these experiments, repeated them
with great care, and found that the experiment sue-

;

ceeded best with a moderate fire, and when the lubes
were about 20 or 22 inches long, and about one-tenth
of an inch in diameter, when they had in each end a
pretty strong pin fixed in a cork as an axis, and when
they were supported on other glass tubes of nearl)- the
same diameter. When the progressive motion of the
tubes was stopped by an obstacle, they still revolved
about their axis. Wlien the tubes were placed hori«
zontally on a large fragment of plate glass, instead of ad-
vancing towards the fire as formerly, theymoved from the
fire, and about their axis in a direction contrary to what
they had done before. In this case, as formerly, the tubes
receded from the fire, even when the plate of glass was
a little inclined. Mr Wheler very ingeniously explains f^ausft

these phenomena by tlie expansion" of the parts of
'''^

"

the tube nearest the fire, which, by placing the glass jf Sa;
at a greater distance from the centre of motion, de- tubes.!

stroys its equilibrium. The heavy side of the tube there-

fore descends, and a fresh part of it being exposed to I

the fire, expands and descends as formerly. A writer in a
modern dictionary opposes this explanation on the
ground that " the fundamental principle on which it

proceeds is false, for though fire, indeed, will make
bodies expand, it does not increase them in weight, and
therefore the sides of the tube, though one of Ihem is

expanded by Ihejire, mtist still remain in equilibria, and
hence we must conclude that the causes of these phe-
nomena remain yet to be discovered." In this extra-

ordinary reasoning, the author has overlooked the fun-
damental truth in mechanics, that the force with which
any quantity of matter tends to turn round a fulcrum,

is proportional to the sum of all the products of each
particle of matter multiplied by its distance from the
centre ofmotion. In the case of the glass tube, the num-
ber of particles remains the same, and the distance of all

of them from the centre of motion is increased. Hence
the sum of the products is increased, and consequently

the equilibrium destroyed.

When we look at the sun, or any luminous body, Cnrj|i

through the common coloured glasses, the transmitted tical ^

light, thougli tinged with one colour, nevertheless 'y " *

transmits rays of all the other colours, as may be pro- Sf"

ved by decomposing it with a prism. It was observed, I

'

however, by M. Monge, and the observation has been
subsequently confirmed by M. Hassenfratz and M.
Arago, that the glass of old churches whicli has been
stained either red or green by the oxide of copper,

has the surprising property of transmitting nothing
but the homogeneous green or the homogeneous red
rays. This property will be of tlie greatest use in so-

lar observations, as it will remove completely the im- .

perfections of telescopes arising from their different re-

frangibilities. A tehscope should be constructed witli ^

a compound object glass, to destroy as much as pos-

sible the aberration of sphericity. The red or green
glass will remove all the heterogeneous rays, and the j

most perfect image of the sun will thus be obtained.

A series of new experiments have recently been Ne^3^!

made upon glass by Dr Brewster, and the results meio)

which he has obtained are of such a singular nature, ^' i

as to lay the foundation of a new science, analogous in •'

its general character to the sciences of electricity and -1

magnetism. He baa sl^ewn that when radiant heat i

1

I
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is propajfated along a plate of annealed glass, its pro- jewels. The abbey sufTered many subsequent changes, Gl»ti

gress may be rcnderetl visible by exposing it to po- and a very small portion of it now remains. The great H

larised light, a series of beautiful coloured fringes ad- church is a. he.ip of ruins. The chapel of St Joseph is
Gloutc«ltT-

vanciiig along the glass. The opposite edge of the tolerably entire, and also the abbot's kitchen. Besides _ ,

_^
glass, however, where the radiant heat does not exist in the two parish churches, Glastonbury possesses two
a sensible state, exhibits the same fringes, and conse- dissenting meeting-houses, two alms-houses, and a good
quently it follows, that in its propagation along glass, free-school. A little w.iy to the north-east of the mo-
radiant heat possesses the singular property of fl/Zereng- nastery stands the tower of St Michael, situated on the

the structure or the mechanical condilion of those parts summit of a high hill. The view of the tower from

of the glass where it does vot e-rist in a sensible stale, the plain below is much admired. The principal ma-
VVhen the heat is uniformly diftused over the plate of nufactures of the town are those of silk and silk stock-

glass, all the coloured fringes vanish. By a particular ings. Tlie following is the statistical abstract of the

process which we have not time to describe, he has sue- two parishes of St John and St Benedict for 1811.

ceeded also in communicating a permanent structure Number of houses 448
to glass, similar to that which it possesses during the Number of families 499
propagation of radiant heat. The pieces of glass that Number of do. employed in agriculture . . 255
have been subjected to this process, exhibit, by expo- Number in trade and manufactures 121

sure to polarised light, the most brilliant and varied Males 1067
colours, arranged in the finest geometrical forms, and in- Females 1270
finitely superior, in point of beauty, to any analogous Total population 2337
production of art. See Collinson's History of Somersetshire ; Warner's

These plates of glass have exactly the same relative TVestem Counties ; and tlie Beauties of England and
action upon the particles of light, as a magnet has upon Wales, vol. xiii. p. 484.

particles of iron. The glass has a polarity as distmct GLATZ. See Silesia.

as that of the magnet, and a piece cut from one pole GLAZING. See Porcelaix and Potterv.
of the glass, acquires a new polarity exactly similar to GLENDALOUGH. See Wicki.ow.
what takes place by cutting off a part of a magnet. GLOBES,constructionof. SeeGEOGnAPHv,p. 153.

The results which have now been mentioned, lead also to GLOBES, use of the. See Geography, p. 156.

the construction ofa chromatic tiiermometer, which mea- GLOGAU. See Silesia.

sures all differences of temperature, up to the melting GLOUCESTERSHIRE, one of the western counties Extent and
point of the glass which is employed in its construction, of England, is bounded on the north and north-east by boimdarks,

A full account ofthese experiments will be found in our Worcestershire and Warwickshire ; on the east, by Ox-
articles Optics, Polarisation, and Thermometer, fordshire; on the south-east, by part of Berkshire and
For an account of the sounds produced by glass, see Wiltshire ; on the south and south-west, by Somerset-
Harmoxica. shire and the Bristol Channel ; and on the west and
GLASS CuTTixo, See Glass, Sect. VIII. north-west, liy Monmouthshire and Herefordshire. It

GLASS, Engraving ON. See Etching. stretches from north-east to south-west, from the parish

GLASS, Gilding on. See Gilding. of Clifford Chambers, near Stratford upon Avon, to
GLASS Grinding. See Optics, Practical. Clifton, beyond the city of Bristol, nearly 70 miles;
GL.'\SS Tears. See Glass, Sect. IV. and in breadth, from Lechlade north-west to Preston,

GLASS Tubes, Rotation of. See Glass, Sect. IX. about 40 miles ; but its general breadth is not more than
GLASTONBURY, a town of England in Somer- 26 miles. In circumfei-ence it is about 156 miles. The

set^hire, is situated in a low marshy country, and is al- form of the county is elliptical. Its area has been va-

most surrounded by the river Brue and its branches, riously estimated : by Sir Robert Atkyns, in his Histo-

It consists of two streets, crossing each other in the di- ri) of Gloucestershire, and by the author of the agricul-

rection nearly of the four cardinal points, and the hou- tural report, it is supposed to contain 800,000 acres.

ses are built principally of the stones from its celebrated According to the returns to parliament of the \yoor rates,

jibbcy. At the intersection of the two streets stands drawn up under the inspection of Mr Rose, its area is

the cross of Glastonbury, which consisted of a large estimated at 7 1 8,080 acres. According to other state-

central column piercing the roof, and sustaining a na- ments, it contains only 705,000 acres.

ked figure; and clustered columns at each angle, with It is divided as follows: I. Kifsgate division, which Divisions
strangely shaped capitals and pinnacles. This singular comprehends the north and north-east parts ; this is

building has been allowed to fall into ruins, and only a subdivided into 8 hundreds; viz. Kifs^gate hundred,
part of tlie central column now remains. The church of upper part, which contains 20 parishes, and one mar-
St John the Baptist is a handsome building, with a lof- ket town. Chipping Camden : Kifsgate, lower part,

ty tower, remarkable for its lightness and beauty. It which contains 1 9 parishes, and one market town,
contains several monuments, and numerous marks of Winchcomb : Slaughter hundred, upper part, which
its former splendor. The church of St Benedict, or contains 10 parishes, and one market town. Stow;
the Lower Church, is in no respects rcmarkjible. Slaughter hundred, lower part, which contains 13 pa-

Tlie ruins of the celebrated abbey of Glastonbury rishes, but no market town : Tiblialdston hundred, con-
stand on the south side of the High Street. It was taiuing 3 parishes, and no market town : Cleeve hun-
originally constructed of wattles and wreathed twigs, dred, which contains only Cleeve with its tythings

:

and was afterwards built of more substantial materials. Cheltenham hundred, containing 4 parishes, and one
Ina, king of the West Saxons, demolished all the old market town, Cheltenham : Deerhurst hundred, con-
buildings, and erected a splendid monastery in honour taining 4 parishes in the upper part, and 7 parishes in
of our Saviour; and the chaiSel which he added to it the lower part, but no m.-»rket town in either: Tewks-
contained about 2640 pounds of silver plating. The bury hundred, containing in the upper part 10 pa-
altar was adorned with gold to the amount of 260 rishes, and in the lower 9, and one market town, viz.
pounds weight ; aud the church plate was set with Tewksbury : Westminster hundred, containing in tlie

VOL. X. rAKX I. 'i s



322 GLOUCESTERSHIRE.
Gloiwtttcr- upper part 4', and in the lower part 7 parishes. The

shire. second division is called Seven Hundreds Division, and

^"-V""^ contains the following hundreds : Cirencester hundred.

Political in which is only tlie town of Cirencester :
Crowthorne

•livisions. and Minets hundred, containing 19 parishes, but no

market town : Brightwell's Barrow hundred, contain-

ing 12 parishes and two market towns, Fairford and

L«;hlade : Bradley hundred, containing 19 parishes,

and one market town, Northleach : Rapsgate hundred,

containing 1 1 parishes, but no market town : Bisley

liundred, containing 7 parishes, and 2 market towns,

Stroud and Painswick : Longtree hundred, containing

1 1 parishes, and 2 market towns, Minchen Hampton,

and Tetbury : Whitstone hundred, containing in the

upper part, 9 parishes, and in the lower part 7 parishes,

but no market town : Seven hundreds Division lies to

the south and south-west of Kifsgate Division. The

third is the Forest Division, which is bounded on the

west by the river Wye ; on the north-west by Herefoi-d-

shii-e and V\'orcestershire ; and on the east, partly by the

two former divisions, and partly by the Severn : this di-

vision contains six hundreds; viz. Botloe hundred,

which contains f) parishes and one market town, New-

ent : Duchy of Lancaster, which contains 5 parishes,

but no market town : Westbury hundred, containing

6 parishes and one market town, Newnham : Bledesloe

hundred, containing 3 parishes, but no market town :

St Briawl's hundred, which contains 12 parishes and

two market towns, Mitchel Dean and Colford : and Dud-

stone and King's Barton hundred, which in the upper

part contains 10 parishes, in the middle part 11, and

in the lower 5 ; the city of Gloucester is in this hundred.

The last division of this county is Berkley Division,

which is bounded by the Severn on the west, part of

Dudstone and King's Barton hundred on the north ;

Seven hundreds Division on the east, and the Lower
Avon and Somersetshire on the south : Berkley divi-

sion is sulxlivided into 7 hundreds ; viz. Berkley hun-

dred, the upper part of which contains 19 parishes and

2 market towns, Berkley and Wotton under Edge, the

lower part contains 6 parishes, but no market town :

Grumbald's Ash hundred, the upper part of which

contains 1 1 parishes, and one market town, Wickwar ;

and the lower part, 10 parishes, and one market town,

Sodbury : Pucklechurch hundred, containing 5 parishes,

but no market town : Barton Rape's hundred, contain-

ing 6 parishes, but no market town : Langley and
Swine's Head liundred, the upper part of which con-

tains 4, and the lower part 5 parishes, but no market
town : Thornbury hundred, the upper part of which
contains only the market town of Marshfield ; and the

lower part 5 parishes ; and one market town, Thorn-
bury ; and Hanbury hundred, the upper part of which
contains 5, and the lower 2 parishes, but no market
town. Gloucestershire contains one city, Gloucester,

and part of anotiier, Bristol ; it returns eight members
to Parliament, viz. two for the county, two for Glou-

cester, two for Tewksbury, and two for Cirencester.

It is in the province of Canterbury and diocese of

Gloucester, with the exception of two chapelries. It

pays 12 parts of the land tax.

Natural di- Gloucestershire is naturally divided into three longi-

visions. tudinul stripes, or districts, which differ materially from
one iinotlier. The Coteswold district comprehends tlie

whole tract of hill country, fromChippingCamden north-

ward to Batli, and is otten divided into the upper and
lower Coteswolds. This is a long tract of high ground,

for tlie most part bleak and bare: the sides of this

tract are extremely beaut'ful as they sink into the vale,

from the hills of Stinchcombe and Is'ibley on the south,

5

Climatil

to tliat of Bredon on the north. The Stroudwater- Gl«nw!

hills form a tract connected with and similar to the ''""

Coteswold. The second natural division of this county """"Y"

is the vale, which comprehends the whole of the low- Naturai

lands from Stratford upon Avon to Bristol: it is usually visions,

divided into the ^^ales of Evesham, Gloucester, and
Berkley ; but as the Severn and the Avon are the na- '

tural boundaries of it, it might more properly be di- t

vided into the Vales oif Severn and Avon, the former \

comprehending all the low country betvpeen Tewksbury l

and Bristol, and the latter the lowlands between the 1

upper Coteswold and the Avon from Tewksbury to
'

Stratford. The last natural division, which is by much
the shortest of the longitudinal stripes, is wholly varied
with hill and dale : it includes the parishes on the west ]

side of the Severn up to -Gloucester ; and afterwards on i

the west side of the Leden, till it enters Herefordshire

;

<

this natural division is chiefly occupied by the Forest
of Dean, once reckoned the principal supjiort of the
English navy, and which, it is said, the Armada was
expressly commissioned to destroy : it is now thinned

l

very much, though a few solitary deer continue to run
|

wild in its remoter paits.

The climate of these diffei'ent parts of Gloucester-
shire varies considerably, though perhaps not so much
as might have been expected from the difference of their

elevation, cultivation, and soil, since the climate of the
Coteswold hills, considering their natural elevation and
nakedness, is unusually mild. The climate of the
vale lands is perhaps as genial as that of any district in

England ; and that of the forest district is by no means
severe, so that Gloucestershire may justly be regarded
as highly favoured in this respect. The soil of the

g„ij_
Coteswolds is for the most part a shallow calcareous
loam, on a stratum of rubble ; clay is met with in some
parts, especially on the declivities. The soil of the
vale is uncommonly rich, being either a fine black
loam, or a red loam of equal fertility. In all parts of
this district, except where the compact limestone rocks
are foimd, a blue clay forms the under soil. In most
of the forest district, tiie soil inclines to sand, in gene-
ral not of a fertile quality : in the forest of Dean, a
kind of peaty soil prevails. The principal rivers in 11;^,^
Gloucestershire are the Severn, the Thames, and the
Upper and Lower Avon. The Severn enters the coun-
ty near Tewksbury, where uniting its waters with
those of the Upper Avon, and pursuing a south-west
course, it traverses a wide vale of uncommon richness

and beauty. About a mile above Gloucester, it divides

into two streams, which reunite a little below the city,

forming Alney island. Soon afterwards, the breadth
and depth oi' the river are much increased by the
streams that fall into it, and its character becomes more
bold and picturesque. Near Franiclode it takes a
northerly direction, forming nearly a semicircle in the
next ten miles of its course ; after this it gradually
grows wider, till it receives the Wye near Chepstow
and the Avon from Somersetshire, thus forming tlie

Bristol Channel. In its passage through Gloucester-
shire, it receives the Upper Avon, the Chelt, the Leden,
the Frome, and the Lower Avon, near Bristol. This
river frequently overflows its banks, particularly below
Gloucester ; in consequence of which, drains, sea-walls,

&c. have been made, which are under tJie superintend-

ance of a society called the commissioners of the sewers.

The Severn is remarkable for its tide, wliich rolls in

with an elevation of three or four feet. The Upper
Avon divides a small p.-irt of Gloucestershire fiom
Warwickslure, at the nortli extremity, and another
small portion from Worcestersliire, near Tewksbury.

\
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The Tiuuncs has its .lource in tin's county, about two
miles soiith-west of Cirencester ; it then enters Wilt-

shire, and a^ain becomes a (Jioucestershire river at

Keinpsl'ord, continuing the southern boundary of it to

Lechiride, where it enters Oxfordshire. The Wye di-

vitles part of ( Gloucestershire from Monmouthshire and
Herefordshire, and forms the natural western boundary
to the forest of Dean. The canals in this county are

the Stroudwater, which begins at the town of Stroiul,

and enters the Severn at Framilode : its width is 42
feet, its length nearly eight miles, and its rise above
the level of the Severn 102 feet. The Thames and
Severn canal begins at Walbridgc, where the Stroud
navigation ends, and joins the Thames at Lechlade ;

its length is 28 miles ; its general breadth 40 feet ; its

i'all l.'JO feet. It runs by a tunnel through .Sapertow-

hill. The Berkley canal, which was mtcnded to open
a communication between Gloucester and the Severn
at Berkley, has not been completed. The Hereford and
Gloucester canal begins at Hertford, and joins the Severn
opposite to Gloucester ; the total length is 35 miles.

The mineral productions of this county are not

very numerous or important, coal only excepted ; this

is found in abundance in almost every part of Dean fo-

rest, where there are not fewer than 150 pits: the

lower parts of the vale also abounds in coal, but of a

less sulphureous quality than that of the forest. Iron

ore abounds in the forest, but only a small quantity is

raised. In this district also a good compact limestone

is found, but inferior to that which forms vast beds at

the southern extremity of the county: the lime made
from this stone is uncommonly white and strong.

Blue clay- stone is found in the vale, in layers of from
four to ten inches thick ; it is useful for building : it

contains a considerable portion of calcareous matter.

Freestone, of excellent qualit}', is raised from the Cotes-

wold quarries ; and paving stones and grits are found
in the for&st ; of the latter, one of extraordinary hard-
ness and durability, deemed superior to any other for

cyder mills. Stone tiles are raised in the Coteswold
hills ; and in the parish of Henbury there is a fine bed
of plaster of Paris.

The principal mineral water is at Cheltenham, which,
for upwards of 30 years, has been much resorted to. Ac-
cording to the analysis of Dr Fothergill and other che-

mists, its component parts are Epsom and Glauber
salts, a small portion of chalybeate, and some fixed air.

It is particularly efficacious in all disorders of the li-

ver. See Cheltenham.
There are no very large estates in this county ; but

the number of yeomen who possess freeholds is very
great. About a ibrtieth part of the whole land is held

umler corporations ; there is very little copyhold. The
average size of fai-ms is small, though there are some
large grazing farms in the vale. Before the injudi-

cious rise in tl»e rent of land, the average rent on the
Coteswolds was, for arable 15s. for pasture a5s. per
acre. In the vale, for arable 20s. for pasture 30s.

In the forest district, for arable 20s. for pasture 25s.

jier acre. Within the last century, more tlian 90 acts

of Parliament have been passed for the inclosure of
waste and commonable lands in this county.

! Of the implements of husbandry used in Gloucester-
shire, the waggon deserves particular notice, being, in

the opinion of Mr Marshall, the best farm -waggon in

the kingdom. Its most .striking peculiarity is that of
having a crooked side-rail, bending archwise over the
hind wheel ; the body is wide in proportion to its

shallowness ; and the wheels run very wide : its advan-
tages therefore, in carrying a top-losd, are obvious.

Beans;

The old plough, with one wheel, but shortened in the Glouewtcr.

beam, is mostly used on the Coteswolds ; through the "hire-

greater part of the vale, the old swing plough is retain- ^"""V"^

ed. There are but few thrashing machines in the

county. A very useful cradle scytlje is used in the

vale for cutting beans.

As the forest of Dean is still comparatively speaking
a waste, the agriculture of Gloucestershire must be
sought after in the other parts of the county. The
vale of CJloucester is a rich vale district, equally abun-
dant in'grass and com ; the Coteswold hills is an upland
arable district ; and the vale of Berkley is a grassland

dairy country. It is computed that there are about
."iOOjOOO acres under tillage in Gloucestershire. The Tillige.

most striking practice with respect to the tillage land,

is followed on the Coteswold hills, where the crops are

generally sown after one plowing. Fallowing is prac-

tised on the strong vale lands. In the open fields, be-

low Gloucester, two crops and a fallow arc the geiicral

practice ; and three crops and a fallow above that city.

On the Coteswold hills turnips are substituted for a

ftdlow, after which barley, gi-ass for two years, wheat,
and oats, pease or vetches. Wheat is drilled and plant-

ed in some parts of the vale lands ; and is carefully

hoed while it is growing. The produce on the Cotes-

wolds averages 1 5 bushels, and in the vale nearly double
that quantity per acre. Barley forms an important crop
in the Coteswolds, but is seldom sown on the strong
lands of the vale. Oats are chiefly grown in the forest

district. In the management of all these crops there is

nothing particularly striking or commendable ; but in

the entire management of the bean crop, Gloucester-

shire may afford a valuable lesson to almost every other

part of the kingdom. Beans are principally the pro-

tluce of the clay soils of the vale. In the ordinary prac-

tice of the district, they are planted by women, and
hoed by women and children, always twice, and some-
times thrice; they succeed wheat or barley. The
ground being ploughed nine or ten inches deep, ma-
nure is seldom given. They are planted early in Feb-
ruary, by setting pins either across or down the ridges.

The quantity of seed is 2^ or 3 bushels. The distance

between the rows from 10 to 14 inches ; the distance

in the rows about two inches ; the depth two inches.

The produce varies from 20 to 40 bushels per acre.

Pease are principally grown on the Coteswolds. Tares,

both winter and spring, are grown in all parts of the

county, and on all soils. Turnips are pretty extensive-

ly cultivated ; they are seldom drilled, but always care-

folly hoed. Swedish turnips are mostly confined to the

rich lands of the vale; both kinds are almost exclusive-

ly given to sheep. Rye is grown in abundance in that

part of the forest district called the Ryelands, but scarcely

any where else. Potatoes are particularly attended to in

the southern parts of the county. The culture of flax

and teasels has much declined within these late years.

On the banks of the Severn, and the other rivers Meadows,
which flow through the vale, there are very rich natu-

ral meadows and pastures ; their fertility principally

arises from the mud which is deposited upon them
during the inundations. The Avon is said to bring

down the richest deposit from the hills of Warwick-
shire. The meadows on the banks of the Severn, con-

siderably below Gloucester, partake of the nature of

salt-marshes. For some miles above and below that

city, the meadows are mowed every year, and the ave-

rage produce is two tons per acre, though no manure is

ever laid on them. Sainfoin has been cultivate<l on the Sainfoin.

Coteswold hills for upwards of 1 50 years, and is still a

very general and useful crop there : its duration, how-
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Rye-gr«ss.

Cattle.

SIiccp.

Clieese.

Gloucester- ever, is short, seldom more than ten years. The only-

shire, other artificial grass for which this county is remark-

able is Peacey's rye grass, which was first selected from

the finest meadows in the vallies of the Coteswolds, and

is now well known in almost every part of the king-

dom. The management of the stall is no where better

attended to than in Gloucestersliire. The cattle usually

fed are of the Herefordshire breed; they are worked till

they are 6 or 7 years old : when fat they are sent either

to Sniithfield or Bristol market. Great attention is also

paid to the fattening of calves. The principal breed of

sheep in the county is that of the Coteswold, large

and coarse in the wool ; at three years old weighing

from 30 to 45 lbs. per quarter, and affording a fleece

of 9 or 10 lbs. The new Leicester and the south Down
are also kept in many parts, and the Ryeland in some

parts of the forest district. The real forest sheep are

nearly extinct ; these are very small, finely formed, and

with fine wool. There is no peculiar breed of horses in

tliis county. The old Gloucestershire breed of swine

are now seldom kept.

We now come to the two most important objects of

Gloucestershire husbandry, its cheese and cider. Cheese

is made both in the vale of Gloucester and in the vale

of Berkley ; or, as they are sometimes termed, the up-

per and lower vales : but the management of the two
vales differ in one most material article, the quality of

the milk. In the lower vale, the milk is run neat from

the cow ; in the upper vale, the practice is to set the

evening's milk for cream in the morning, and to skim

it, and then to add it to the new milk of the morning's

meal. The cheese made from this mixture is termed

two meal cheese ; that from the neat milk, milk cheese,

or best making. There are other differences in the

practices of the two vales. In the vale of Gloucester,

rye-grass is the predominant and favourite grass ; in

the vale of Berkley, the dog's-tail, with a mixture of

rye-grass, the poag, and white clover. The Glouces-

tershire breed of cattle, a variety of the middle horned
species, still predominate in both vales for the purposes

of the dairy ; though in the higher vale, long-horned
cows, from the improved stock of Bakewell, are often

kept ; few dairies, however, in either vales, are with-

out admixture. As soon as a " pack" or stock of
cows is formed, the first consideration is to mark out

those inclosures, the herbage of which is most favour-

able to the production of good milk ; among the plants

which are useless or injurious, are white honeysuckle,

crowfoot, and garlic. About the first of May, the pas-

tures are ready to receive the cows, and soon after-

wards cheese-making commences : great care is taken
in the selection or preparation of the rennet, and most
minute and particular attention is paid to the tempera-
ture at which the coagulation takes place most kindly
and equally. Previous to adding the rennet, the co-

louring is put in. In some places, the curd is scalded;
where this is not done, a handful of salt is commonly
thrown on the curd, immediately afler the whey has
been taken from it. The next operation consists in

crumbling the curd, and pressing it fine in the vat,

which is done with great nicety, being turned and salt-

ed repeatedly. If the cheese is small, this part of the
process is continued only three days. The cheese is

then removed to the shelf, and turned every day for a
fortnight ; then every other day for a fortnight more.
At the end of this time, it is fit for the cheese loft

:

here it is turned twice a week, for three weeks ; then
the coat is scraped and coloured on the outside, or
painted with carnation-red, mixed with water, and rub-
bed on with flannel. About Michaelmas, the cheese-

factor examines the cheeses by walking over and tread- Glouceifi

iiig upon each of them ; those which yield to the tread .^'"'^
are said to be heaved, '^nd ai'e unfit for the London mar-

ket. The cheese of the hundred of Berkley is the

most celebrated of all the Gloucestershire cheese ; what

in the kingdom at large is termed Gloucester cheese,

particularly double Gloucester, is in Gloucestershire

called double Berkley, not more on account of the su-

perior quality of the cheese of this district, than be-

cause the principal part of the thick cheese of Glouces-

tershire is made within this hundred. It is calculated

that a cheese of lllbs. requires 15 gallons of milk, or

one gallon and one-third to one pound of two meal
cheese. The year's produce of a cow is estimated at

three hundred weight. The vale of Berkley contains

50,000 acres, two-tiiirds sf which are occupied by cows,

to the number of 7000 or 8000 ; and their annual pro-

duce of cheese is from 1000 to 1200 tons. As con-

nected with this subject, the whey-butter of the vale

of Berkley may be mentioned, which, if well made,
and eaten fresh, is superior to the milk-butter of many
disti'icts : the produce of whey-butter is estimated at

half a pound a cow a week. See Daihy, p. 55,Q.

There are few orchards on the Coteswold hills, but Cider,

in the vale and forest districts, they are abundant and
valuable. Of the different kinds of cider made in this

county, the Stire cider is deemed the best. The fruit

from which it is made, flourishes particularly on the thin

lime-stone soils on the margin of the forest of Dean.

It is remarked, that the cider made from the Stire

apple which grows here, is distinguished by riclmess,

sweetness, and fulness of flavour; whereas, the same
apple, in the vale of Gloucester, a strong, deep, rich

soil, affords a liquor whose predominating qualities are

roughness and strength. There is nothing peculiar in

the mode of manufacturing cider in this county. Of
pears, the squash is in much the highest esteem : in the Perry,

township of Taynton, on the Gloucestershire side of

Mayhill, where the soil is a strong brown clay, squash-

pear perry, of a very superior quality, is made. It is

said the perry of this district is the basis of most of

the wine sold for Champagne in the metropolis.

On the Coteswold hills, beech and ash are the prin- wood,
cipal trees. In the vale, there are but few tracts of

woodland. The quantity of ground in Dean forest,

belonging to the crown, is upwards of 23,000 acres.

It formerly supplied about 1000 tons of ship timber

annually. The forest is under the government of a

lord warden. At Totworth, the chesnut tree is still

growing, which, according to Evelyn, was 500 years

old in the reign of King John. It was measured in

1791, when it was 44 feet and four inches in circum-

ference. Till the year 1790, when it was burned down,

there was an oak growing at Bodington, the circum-

ference of which, at the ground, was 18 yards: the

stem was hollow, forming a room more than 1 6 feet in

diameter. I

The wages of farm servants in Gloucestershire are Labou)><

not high, but the allowance of drink is enormous ; six
j

quarts a day is the common allowance, frequently two
gallons, sometimes nine or ten quarts; drinking a gallon J

bottle full of cider at a draught is said to be no uncommon
feat. In the immediate neighbourhood of the forest, coal,

being cheap and abundant, is the common fuel : in other

parts of the county, the Staffordshire and Shropshire coal

is burnt; but on the Coteswolds. all kind of fuel is scarce

and dear. The roads of this, like most of the other

western counties, are by no means good ; on the Cotes- Roadi

wolds, the calcareous grit is too soft for durable roads ;

and there are stiU greater difficulties in the vale, from
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-tiT- the nature of the soil, and tl>e extreme scarcity of ma-

tcrials. The compact lime-stone, from St Vincent's
'^'"~^

rocks, mokes tlie bests roatls; but it is very expen-

sive.

uific- The mcst considerable markets are those of Glouccs-
•• ter, Cirencester, and Tewksbury; they are abundantly

supplied with corn, meat, poultrj', and the other ne-

cessaries of life. The principal manufactures of the

couiity are those of woollen broad cloths, chiefly super-

fine, made of Spanish wool: there .-ire also fine narrow
goofls, in tlie sti-ipe and fancy way, made to a very

great amount. The whole of these manuftictures are

carried on in that district called the Bottoms. Of this

district, the town of Stroud may be regarded as the

centre, all the surrounding valleys exhibiting a con-

tinued range of house-i or villages, occupied by manu-
facturers. The waters of this district are peculiarly

adapted to dyeing scarlet, blue, and black. At Ciren-

cester, thin stuffs of worsted are made : carpets are also

made here. At Tewksbury, the stocking-frame knit-

ting is the principal manufacture. Rugs and blankets

are made at Dursley, &c. Felt hats, for the Bristol

trade, are made in several villages. In the forest of Dean,

there are extensive iron works : at Framilore, there is a

manufactory of tin-plate. The other manufactures of

the county arc iron and brass wire, wire cards for the

clothiers, pins, nails, and writing paper. The articles

of agricultural commerce are cheese, bacon, cider, and
perry. The salmon of the Severn is now become scarce,

but formerly it was caught in great abundance, and sent

to London and other places, where it always obtained

a very high price.

Poor. By the returns respecting the poor, presented to Par-

liament in the year 1 803. it appears, that in this coun-

ty at that time, 33,113 persons were relieved in and
out of workhouses, at the expence of £ 3 : 1 : 7| per

head, or £102,013 : 12 : 8 total; which, at a rental of

JE 1,128,312, gives about Is. 9,]d. in the pound per an-

num. By the same return, it appears that there were,

in 1 803, 1 9,606 persons belonging to friendly societies.

lion. In the year 1810, the number of families employed in

agriculture was 20,782 ; and in trade, manufactures,

&c. '29,988. In the year 1700, the population of the

county was 128,34'1 ; in 1770, 161,693. In the year

1801, 210,267; and in 1811, 295,100. At this last

period, the number of people to a square mile was
263 ; and on an average of years, there had been one
baptism to 36 persons ; one burial to 6l persons ; and
one marriage to 120 persons.

lorj-. The ancient Britons seem to have had no peculiar

name for this tract of country, designating it and the

whole adjoining low lands by the name ofDuJfin, which
is said to signify a vale. It was inhabited by the Cat-

tieuchlani. When the Romans occupied England, the

Dobuni seem to have inhabited Gloucestershire. This
county being divided by the Severn, lay partly in Brit-

tania Prima, and partly in Brittania Secunda ; that on
the south-east side of the river being in the former, and
governed by the president residing in London ; where-
as that part beyond the Severn was in Brittania Secun-
da, and governed by the president residing at Caerleon.

The Saxons called the inhabitants near this part of the

Severn, Wiccii, from the Saxon Wic, a creek, because
•tlie river near its mouth is full of creeks. During the

heptarchy, it was a long time subject to the West Sax-
ons, but was afterwards included in Mercia. See Ge-
neral Fiiti ofthe Agriculture ofthe County of GlmiceUer,
by Thomas Rudge, B. D. Beauties of' England and
ll'nles, vol. v. The Rural Economy of Gloucestershire,
by W. Marshall, (j. s.)

OLOUCKSTF.R City, is situated in Dndston and Olmice»»flr.

King's Barton hundred, CJloucestershire, 1 Q!i\ miles west ""^•"""^

fVom London. This city is situated in the Vale of Glou-
cester, on a gentle eminence, rising on the cast side from
the river Severn. Its situation, however, though it af-

fords a fine object to the hills around, is by no means
pleasant, the country round it partaking of little vari-

ety ; and though its walls are washed by the Severn,

that river loses here much of its dignity and interest,

by being divided into two small channels, with a long

connecting causeway. Gloucester has lately been much
improved. Its four principal streets are admired for

the regularity oftheir junction in the centre of the town.
The cathedral is a fine building ; its lofty tower, and 4 CathtdriJ.

transparent pinnacles, adorned with exquisite fret work,
make a conspicuous figure. Within, the high roof and
CJothic ornaments of the choir, form a noble contrast

with the simple grandeur of the ponderous Saxon pil-

lars and arches which support the aisle. Its principal

curiosities, are the beautiful painted glass in the chapel

of our Lady ; the whispering gallery ; the tombs of Ed-
ward 11. who was murdered in Berkley Castle, and
of Robert Duke of Normandy, eldest son of William the

Conqueror ; and the great bell, suspended in the first

story of the central tower. The walls surrounding

Gloucester, in the time of William the Conqueror, were
completely demolished soon after the Restoration, the

only remains being the west gate, standing on the banks
of the Severn, at the end of a stone bridge of 5 arches,

built in the reign of Henry II. This bridge is connect-

ed on the west with a causeway of stone, which extends

through the low' meads and isle of AIney to the distance

of about half a mile. The castle of Gloucester, of which
the remains were destroyed a few years ago to make
room for the county gaol, was probably erected about

the time of the Norman invasion, as the Domesday Book
mentions, that 16 houses were taken down for its scite.

Camden states, that in his time it was for the most part

decayed. The county gaol well deserves the inspec- County

tion of the stranger. It was commenced, from the de- gaol-

signs and under the direction of Sir George Onesipho-
rus Paul, Bart, a gentleman well known for his judici-

ous and indefatigable exertions in the cause of the best

interests of society, nowhere better exemplified than in

the plan of this structure, and in the code of laws which
he drew up for its government. The gaol consists of 3
divisions ; the penitentiary house, the bridewell, and the

sheriff''s prison. These have all their distinct and ap-

propriate regiilations. It contains 203 separate cells ;

I64 for sleep, and 39 for employment. At stated hours

during the day, the prisoners are peniiitted to enjoy

the fresh air, in a court-yard 2 1 feet long and 57 broad.

The same class of prisoners only are allowed to associ-

ate together. The internal economy is under the ma-
nagement of the chaplain, governor, and surgeon, who
act according to fixed rules, and who are themselves

subjected to the controul of the county magistrates.

There are besides a house of industry, and a county in-

firmary, under excellent regulations, (iloucester re-

ceives its .supply of water from springs about two miles

to the south ; and it appears from ancient records, that
*

an aqueduct was carried thence to tlie city, upwards of

400 years ago. Besides the amusements common to Afusical

all provincial towns, there is in Gloucester, Worcester, fcstivul.

anil Hereford, a musical festival, established by the

clioirs of those cities, with the assistance of the first per-

formers in the kingdom. The profits are applied to

relieve the widows and orphans of clergymen. The
meetings are held yearly, alternately in each citj', and

continue for three days.
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The principal trade of Gloucester arises from the pin entirely to gratify ; for although possessing great and

manufacture, and from the navigation of the Severn, obvious beauties, it has since sunk into an unmerited ^

This river is navigable to the wharf near the bridge for neglect.

barges, vessels of larger size being obstructed by the In 1739, he published his London, or the Progress of
rocks and sand banks in the narrow channel near the Commerce ; upon which there followed soon after, his

city. To remedy tliis inconvenience, the Gloucester ballad, intituled. Hosier's Ghost. Both these pieces

and Berkley canal was begun, whicli was intended for appear to have been written with a view to'stimulate the

the passage of ships of 400 tons burden. There has al- nation to resent the__depredations of the Spaniards ; and
so been a bell foundery here since the year 1500. For the latter produced a considerable sensation,

the last 1 50 years, this business has centered in one fa- During . the last mentioned and subsequent years,

mily, who, in that period, have cast upwards of 3000 Glover took a very active part in the jrolitics of the ci-

bells. This city is the see of a bishop. It returns two ty; and his talents, his political knowledge, and his ex-

members to parliament, the number of electors being tensive information in matters regarding trade and com-
about 2000, It was anciently regarded as a distinct merce, placed him so high in the estimation of his i'el-

hundred, and is still privileged as a county within it- low-citizens, that he was appointed to conduct the ap-
self. ^ The corporate officers consist of a mayor, 12 al- plication of the merchants of London to parliament, in

dermen, a high steward, a recorder, a town clerk, 2 she- lyil and 1742, on tlie subject of the neglect of their

riffs, 26 comiiion councilmen, and 4 sergeants at mace, trade. He accepted the office, and his exertions were
The population returns of 1811, give the following re- crowned with success. In summing up the evidence,

suits respecting tliis city : upon that occasion, he exhibited striking proofs of his

oratorical powers. On the death of Sarah, Duchess of
Houses inhabited 1509 Marlborough, in 1744, she left, by her will, £500 each
Families occupying them 1706 to Glover and Mallet, to write the history of the Duke
Houses building 15 of Marlborough's life. Glover, it is believed, very early

Houses uninhabited 20 renounced his share of the bequest ; and Mallet, though
Males 3726 he constantly promised, never made the least progress
Females 4554 in the performance of the task.

Total population 8280 About this period, Glover's affairs became somewhat
(j. s.) embarrassed, in consequence of unavoidable losses in

GLOVER, Richard, an eminent English poet and trade, and, perhaps, of too zealous an attention to the
political character, was born in St Martin's Lane, Can- public interests, to the neglect of his own private eco-
non Street, London, in the year 1712. His father was nomy. For this reason he determined to withdraw
a respectable Hamburgh merchant in the city. himself, for a time, from public notice, until he should

Glover was educated entirely at Cheam school, under be able to put his affairs into a more prosperous state.

the Rev. Daniel Sanxay, having never studied at either In the beginning of the month of May 1751, he was
of the universities. At the seminary above mentioned, drawn from his retreat by the importunity of his friends,

he distinguished himself by the rapidity of his progress, and condescended to stand candidate for the office of
and exhibited early specimens of his poetical powers, chamberlain to the city of London, in opposition to

At the age of sixteen, he wrote a poem to the memory Thomas Harrison, Esq. Unfortunately, however, most
of Sir Isaac Newton, which was prefixed to the Viero of of the Livery had engaged their votes before he decla-

Sir Isaac Nexvlon's Philosvp/iy, published in 1728, by red himself ; and after a few days, finding that his an-
his friend Dr Pemberton. The seductive charms of li- tagonist gained ground upon the poll, he gave up the
terature, however, did not allure him from the pursuits contest. Upon this occasion, he addressed the Livery
of commerce, to which he was destined; for, in due in a speech full of eloquence and manly resignation. In
time, he embraced his father's profession, and became a his retirement, he finished the tragedy of Doadkea,
Hamburgh merchant ; to which he alludes at the com- which he had begun many years before; and in 1753,
mencement of his poem called London. it was brought upon the stage at Drury-Lane, and act-
The talents of Glover soon brought him into distin- ed nine nights with great success. In 176"1, he pub-

guished notice. In all matters regarding the interests lished his Medea, a tragedy, taken from the dramas of
ofcommerce, he took a lively and active concern. Nor Euripides and Seneca, and professedly constructed upon
did the cares and duties of a life of business estrange the ancient plan, each act terminating with a chorus.
him from the study of poetry, for which he had shewn It was not acted till 1 767 ; and has since been often
an early partiality. He cultivated the society of those performed with success.
men who were eminent in politics, science, and litera- Having at length surmounted the difliculties of his
ture, especially such as belonged to the party in opposi- situation. Glover again relinquished the pleasures of re-
tion to the administration of Sir Robert Walpole ; and tirement ; and in the parliament which met at the ac-
he enjoyed the esteem and confidence of several per- cession of his present Majesty, in 176 1, he was elected
sons distinguished for their rank and talents. member for Weymouth, and sat till March 17CS. In
On the 21st of May 1737, he married Miss Nunn, 1770, he published anew edition of 7>co«K/f;j, corrected

who brought him a fortune of £ 12,000; and in the throughout, and extended from nine books to twelve,
same month he published his Leonidas, an epic poem. In 1772 and the following years, he took a very active
m nme books, which established his reputation as a interest in winding up the complicated concerns of
lK)et. This poem was extremely popular on its' first Douglas, Heron and Company at Ayr. He also under-
appearance, but was, no doubt, in a great measure, in- took to manage the interests of the merchants and traders
debted for its favourable reception to the zealous and in London, concerned in the trade to Germany and
enthusiastic applause of the party then in opposition to Holland, and of the dealers in foreign linens, in their
the court. Their extravagant zeal, however, seems to application to parliament, in the month of May 1 774.
have ultimately proved disadvantageous to the legiti- In 1775, he assisted the West India merchants in their
mate pretensions of the author^ by encouraging exorbi- application to parliament ; and examined the witnesses,
tant expectations, which the poem was not calculated and siunmed up the evidence, in the same masterly
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manner he iiad done on former occasions. For his as-

sistance upon this occasion, he was complimented with

a service of plate of the value of £ 30(). The speech he

delivered to the House was printed in the above-men-

tioned year.

Cilovor had now arrived at a period of life which de-

manded relief from the cares of business. He therefore

retired to ease and independence, devoting himself prin-

cipally to the exercise of private virtues and domestic

duties, and to the pleasures of literature. He died at

his house in Albemarle .Street, on the '/5th of Novem-
ber 178;J, in the 73d year of his age. Among other

manuscripts, he left behind him. The Athataid, a secjuel

to I.coiiidiis, \\\nc\\ was published in 17^8. He also

wrote a sequel to his Medea, which, however, has never

been exhibitetl on the stJige.

In his person and liabits. Glover was a finished gen-

tleman of the old school, slow and precise in his man-
ner, grave and strious in his deportment, and always

in the highest degree decorous ; but although his natu-

ral ^temper was benevolent, he is said to have been at

once irritable and violent. He was very strict in his

moral conduct ; and although he was brought up in the

principles of a dissenter, he attended the established

church. He appears to have been an accomplished

scholar ; and it is evident from his life and writings,

that his mind was much devoted to political subjects ;

but lie always avoided such topics of discussion iii his

own domestic circle. As a poet, Glover displays a cul-

tivated mind, a poetical fancy, and a vigorous and har-

monious flow of versification ; but he appears to have

wanted that inventive imagination, and that higher spi-

rit of enthusiasm, which give birth to the noblest pro-

ductions of art. The chief defect of his Lconidas ap-

pears to consist in the subject : the historical facts upon
which the poem is founded, are too well known, and
too sublime and affecting of themselves, to admit of di-

latation or embellishment, without diminishing the im-
pression made upon the mind by the simple and un-

adorned recital.

Clover has been recently brought forward as a can-

didate for the credit of the Lellers of Junius The hy-
pothesis is not without some plausibility ; and there are

certainly circumstances in his character and situation,

which give consi<lerable support to his claim. But the

presumptive proofs, we think, have not yet been array-

ed in such onler, or stated with such force, as to

make the conjecture assume the appearance of probabi-

lity. See Memoirs hi/ a celebrated hiterari/ and Political

Character, London, 181 1; and. An Inquiri/ concerning

the Au'hor of the Letters of Junius, with reference to the

Memoirs, &c. London, 181k (z)

CiLOW-WoHM. Several of the smaller animals are

endowed with the remarkable property of emitting light

IVom their bodies as night advances, which becomes
imperceptible on the approach of day : the creature can
no longer be distinguished fr%m the myriads of beings
around it Eight genera of insects are known to be lu-

minous in the dark, in which is included the genus Lam-
pi/ris of LinnoDus; the male, a winged animal of tlie co-

letipterous order, but the female is in general a worm,
entirely destitute of wings, and so unlike the other,

that nothing less than the sexual congress has been re-

quired to establish its kindred. This is the common
glow-worm, to which our attention shall be briefly di-

rected.

The Lampyris noctiluca, or glow-worm, is about
throe quarters of all inch long, when full grown ; dark-
browp .ibove, and yellowish-white below. It crawls on
six feet, and its body is dividetl into eleven segments, of

which the last eight constitute the abdomen. The head, GUm-vonh.
which is very small, round, and black, is concealed l>y '*"''V*"^

the thorax, while in a state of repose. The eyes, also

black, are large ; and the antenna;, which arc filifoi'm,

to the naked eye consist of eleven articulations, separa-
teil by white rings. Neither wings nor their ru<liments
exist, and the animal advances with a very sluggish
motion, frequenting humid places, and living among
the grass. Naturalists conjecture, from its conformation,
that it is carnivorous. Tlie male of this species, which
is exceedingly rare, and which some of the most indus-
trious entomologists have never seen, is said to have
brownish elytra covering the wings ; but the female is

not only more numerous, but well known, from depo-
siting a cluster of eggs on twigs or straws; and the
young animals pass through the state of a larva and
nymph, between which there is less difference than
among insects in general.

The glow-worm, remaining in concealment through
the day, crawls abroad at night, when it appears sur-

rounded by a beautiful radiant light of considerable in-

tensity, and of a greenish colour. It is most brilliant

two or three hours before midnight ; and an elegant

and interesting spectacle is presented by collecting se-

veral together in a glass vessel. More powerful emana-
tions illuminate the animals ; sometimes the light is

suddenly extinguished, sometimes it shines at protract-

ed intervals, while the motion of the insects produces
perpetual variety : but it always grows fainter and
fainter, and at last it almost totally disapfjears. The
observer, in the course of his examination, discovers,

that the exhibition and intensity of the light are partly

imder the controul of the glow-worm ; that the place

from which it emanates is in the last three rings of the

abdomen; and that it ceases entirely with the death
of the animal, though a severed portion will continue

to be illuminated, and after extinction the light will

at a moderate interval be renewed.
The three rings, while illuminated, are of a pale yel-

lowish colour, and their internal surface is spread over,

with a layer of a pecidiar soft yellow substance, whose
consistence resembles paste. The whole interior, how-
ever, is not covered, as it is more or less deficient aleng

the inner ctlges of the rings, where it forms an irregu-

lar waving outline. We compare this substance to

paste ; but, when magnified, it is found to be organised

like the common interstitial matter of the animal's bo-

dy, except that it is of a closer texture and paler yel-

low ; and the segments of the abdomen, behind which
it is situated, are thin and transparent, on purpose to

expose the internal illumination. Several years jigo.

Count Razoumousky, a learned Polish naturalist, dis-

covered that, besides the rings, there were luminous
points in the abdomen, giving out a more permanent
light ; and the ingenious experiments of Mr Macartney
prove, that two minute bodies, endowed with this pro-

perty, are lodged in two slight depressions in the shell

of the last ring. By the microscope, these are found
to consist of two sacs, containing a substance similar to

that lining the inner surface of the rings ; and the mem-
brane composing the sacs is so strong and elastic, as to

resume its figure after the contents are discharged. The
light thence proceeding is less under the. controul of

the insect than that of the luminous substance dissemi-

nated over the rings : it is rarely distinguished even
through the day, during the season that the glow-worm
gives out light. The presence of these two bodies seems

alliided to by Mr Waller, in the Philosophical Transac-

tions, solong ago as the year iCftl, when speaking of those

species of lampyrides, both male and fem«de of which
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Glow-worm, are winged; and Thunberg mentions one found in Japan
^"""/"^^ with two vesicles on the extremity. The former describes

their site as under the termination of the tail ; and ob-

serves, that the winged insects are extremely rare in

England.
The luminous substance, when extracted from a dead

glow-woi-m, gives out no light, though the sacs, when
cut from the living animals, shine several hours after

separation ; and, if put into water, they will emit

light uninterruptedly for forty-eight hours. Whether
they contain greater heat than the otlier parts of the

animal, as a sufficient number have never yet been ac-

cumulated to prove the fact by experiment, is not alto-

gether iree of doubt. John Templer, one of the ear-

liest English observers of the nature of the glow-worm,
says, " If my senses fail me not, she emits a sensible

heat in her clear shining." Mr Macartney also thought,

that, when shining brilliantly, the luminous rings com-
municated the sensation of warmth to the hand ; but,

from remarking that tlie heat of the surrounding atmo-

sphere, 69°, was not raised more than to 75° or 77°, on
introducing a very sensible thermometer among several

glow-worms, he concluded, that the actual difference

of heat was insufficient to warn him of its presence.

Sometimes, however, the luminous portion of the tail

seemed to raise the tliermometer more quickly than

other parts of the body ; and on cutting it off several

animals, he found, that if the thermometer were im-
mediately applied, it would rise one or two degrees

;

but that no effect whatever was produced after these

parts were dead, though they continued to give out
light. It ought to be kept in view, that many errone-

ously believe insects are entirely destitute of heat,

whereas its presence is sufliciently demonstrated by ac-

cumulating a number together in a limited space.

Besides the glow-worm properly so called, an insect

wanting wings, there are several of the genus provided
with them, and then generally denominated firejlies.

In the hot climates, thousands shoot across the eye, and
sparkle in the woods and bushes during night, with
the most beautiful and brilliant illumination. Some,
resembling so many specks, are not larger than the
common house-fly ; others are above half an inch long ;

and several collected in a glass vessel, emit sufficient

light for reading a book. AH are of the coleopterous
tribe : both sexes have wings, and the emanations pro-
ceed from the last segments of the tail.

Some general conclusions have been drawn regard-
ing the nature of luminous animals, most of which ap-
ply to the glow-worm : and first, that this property is

not constant, but exists only at certain periods, and in

particular states of the animal's body. The site of its

emanations, also, resides in a particular substance, com-
pared to paste ; and the light is differently regulated
while that substance is in the animal's living body, or
separated from it. In the former case, it is intermit-
ting: it is commonly produced or augmented by a mus-
cular effort, and is sometimes absolutely dependent on
the will of the insect. In the latter case of separation,
the luminous exhibition is usually permanent, until be-
coming extinct, after which it may be restored directly
by friction, concussion, and the application of warmth.
No diminution of the substance follows the exhibition
of light, however long it may be protracted. It does
not require the presence of pure air, nor is it extin-
guisheil by other gases. The luminous appearance of
living animals is not exhausted by long continuance, or
frequent repetition, nor is it accumulated by exposure
to natural light. From these principles, it is inferred,
that this property not being dependent on any foreign

source, is inherent in a peculiarly organized animal
substance, and is regulated by the same laws which
govieiTi all the other functions of living beings.

Many conjectures have been indulged regarding the

use of the light exhibited by luminous animals. Some
have boldly declared, that it is for no specific purpose

;

others, more prudently, affirm, that it is utterlyunknown:
while a third class, substituting opinion for experi-

ment, at once decide that, in the glow-worm at least,

it is a wise provision of nature for promoting the con-
course of the sexes. Undoubtedly this reason at first

sight is plausible ; but it ought to have been pre^•ious-

ly ascertained, that the male, while flying through the
air, is sensible of the luminous emanations from the
body of his grovelling mate. We know little of the
different senses of insects; hearing seems altogether de-
nied to certain species, and others are void of any ex-
ternal organs of sight: but what is more extraordinary,

neither the number nor size of the eyes apparently in-

crease the acuteness of vision. It ought constantly to

be preserved in remembrance, that the beautiful struc-

tures of the bee are erected, and all its complicated
operations performed, in the dark ; but that other or-

gans, and especially the antennae, are constantly re-

sorted to by them as a guide. Emanations undoubted-
ly proceed from the bodies of females at certain pe-
riods, which jiroduce a lively impression on the sensa-

tions of the male, and we should be inclined to admit
that there might be some analogous concomitant of the
luminous exhibition of the female glow-worm ; but the

probability of this hypothesis is greatly diminished, on
considering, that the emanations of light belong to the

earliest period, even when the insect is in the larva

state. We must therefore necessarily conclude, that

naturalists have not yet discovered the real uses of
this remarkable property.

See Bartholinus ile luce Ammalium ; Philosophical

Transactions, vol. vi. p. 2178; vol. xv. p. 841 ; De Geer,
Memoires sur les Insectes, tom. iv. p. 29 ; Aldrovandus,
De Inseclis, p. 494'; GeofTroy, Mem. sur les Insect.

tom. i. p. \66. (c)

GLUCKSTADT, a word signifying the Fortunate

Town, is a town of Germany, in the Duchy of IIol-

stein, and belonging to the King of Denmark. The
town, which is situated on the Elbe, where it receives

a small river called the Rhu, is regularly and neatly

built ; and the principal streets run into the market-
place. The town is intersected by several canals, the

principal one of which passes near the market-placci

and is there joined by another, which divides the town
into two parts. From the marshy nature of the sur-

rounding country, tlie road from the town towards
Krempe, passes over a stone causeway, nearly three-

quarters of a mile long. The town, therefore, can be
easily laid under water on the land side. As there are

no springs here, every good house is provided with a
cistern, and the poor are supplied with water from the

harbour in the new moat. There is a free grammar
school here, a Calvinist church, a Roman Catholic cha-»

pel, and a Jewish synagogue.
The foundations of this town were laid in a waste

called the Wilderness, in 1617, by King Christian IV.

;

who. with the view of making it a commercial town,
granted it particular privileges. Frederick III. in-

creased these privileges, and made it the entrepot of
all the merchandize of Iceland which came into the
Elbe. The vessels of Gluckstadt carried their merchan-
dize to Altona and Hamburg. In 1738, Christian VI.
founded a commercial college here; and in 1739 a house

of correction and « workhouse were founded. In 1750>

i

Glow-wor

Gluckstac
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Frctlerick V. instituted

repairing; the harbour.

Ime-
lof ma-

i glue.

a commission for clciring and
The King of Denmark de-

clared Gluckstadt n free port, and abolished the duties

which vessels had fonnerly paid in passing the town.

In 178iJ, a commerciid company was formed, to whicli

the kinjt gnmted an octroi for 30 years. Its capital was
800,000 rix-dollars, and it was chiefly enjjaged in the

coasting trade and the whale fishery. Distance from
Hamburg 28 miles north-west.

GLUE, is a tenacious cement, principally used by
cabinet-makers, joiners, book-binders, case-makers, and
hatters.

The substances from which glue is made, .ire the

shreds or parings of hides ; the ears before they are

immersed in the tanner's vats ; the cuttings and rasp-

ings of horn, from the comb-maker, the button-

maker, and tlie horn lanthom-raaker ; and the hoofs

and horns of oxen, calves, and sheep from the butcher

;

the pelts of the hare, rabbit, beaver, &c. from the

hat maker?, beaver-cutters, and furriers ; and the pa-

rings of vellum and parchment from the white leather

dresser, glover, &c.
Tliese substijnces are indiscriminately mixed toge-

ther, and are purified from all grease and dirt by diges-

tion in lime water, the greatest care being taken to re-

move every piece that is in the slightest degree pu-
trescent. The materials are next steeped and washed
in clean water, with frequent stirring, and are al'ter-

wards laid in heaps, and the water pressed out. They
are then boiled in a large brass kettle with clear water,

the fat and dirt being constantly skimmed off as they

rise, and when the whole is dissolvetl, a little melted
alum or finely powdered lime is added. After the

skimming has been continued for some time, the whole
is strained through baskets, and suffered to settle, in

order that the remaining impurities may subside, and
the fat rise to the top. The impurities and fat being re-

moved, it is then returned into a clean kettle, and suf-

fers a second evaporation and skimming. When it ac-

quires a clear darkish brown colour, and a sufficient

consistence, which is known by the appearances during
ebullition, it is lifted out by a scoop, into frames or

moulds, about six feet long, one foot broad, and two
deep, where it is allowed to cool gradually. It is then
cut by a spa<le into square cakes, and each of these is

afterwards divided into three pieces, by an instrument
like a bow, having a brass wire for its string. The
pieces thus cut are dried in the open air, on a kind of
net-work, (generally old herring nets,) fastened in

moveable sheds of four feet square, each containing si.x

or eight rows of net-work. VVhen the glue is dry, each
piece is rubbed gently with a wet cloth, to give it that

glazed appearance which the London glue always pos-

sesses. The different pieces are then packed carefully

up in separate rows in barrels or hogsheads, and are
ready for sale.

The best glue swells considerably, without melting,
by three or four days immersion in cold water, and re-

covers its dimensions and properties by drying. When
glue looks thick and black, or has got frost in the dry-
mg, it should be melted over again with a sufficient

quantity of fresh glue. Good glue is distinguished by
iU having a strong black colour, and by bemg free of
cloudy and black spots, when held between the eye
and the light.

In France, glue is made from whole skins, which,
when fresh, are steeped 24 hours in large tubs ; but a
longer time when they dry. They are then placed ujKin
hand barrows, formed of strong basket work, to allow
the water to drain off, and are afterwards well washed
in a running stream, where they we shaken in baskets

VOL. X, PAKT I.
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with a long toothed rake, till the water runs through
tliem quite clear. The materials arc now stccjx-d m
weak lime water, the liquor being refreshed every ]5
days with a bucket of fresh lime water, and the skins

being occasionally turned. By this process, the grease

is removed, and the skins con verti-d nearly into the state ^""" "^ '

of parchment. The parts of the materials that still re-

tain the hair, require a stronger linio water. The skins

are again steeped and drained in hand barrows, and
gometimes the water is squeezed out of them by a press.

The skins are now thrown into the kettle, which has
sometimes stones at its bottom, and sometimes a wood-
en grate to prevent the skins from sticking to it. The
boiling is carried on very cautiously and gradually, and
the evaporation is known to have been sufficiently great

by dropping a little upon a plate, and finding it of the

proper tenacity. The glue, when hot, is then filtered

through a bed of long straw, into a tub, the ojieration

being performed in a warm place, in order to prevent

the glue from congealing. In this tub the glue is left

to refine for two or three hours, and when still fluid it

is run off by stop cocks, at different heights, into wet
wooden boxes, where it congeals. The glue which flows

from the different stop cocks, has different degrees of

fineness, the uppermost being the purest. Af^er lying

24 hours in the boxes, the cakes are taken out, divided,

dried, and packed up for sale.

Glue has also been successfully prepared from the Glue from

bones of animals. Parmentier found that 6 pounds of I'o'"*

buttonmaker's raspings yielded a pound of glue not

inferior to the English glue. Glue from ivory was less

transparent. See Annates de Chimie, vol. xii. p. 292.

GLUTEN. See Chemistry, p. 113.

GMELIN. See Botany, History of, p. 20,22, 26,31.
GNEISS. See Mineralogy.
GNOMON. See Astronomy, p. 720. and Dialling.
GNOSTICS. See Ecclesiastical History, p.

307.

GOA, the principal Portuguese settlement in the

East Indies, is situatetl in 15° 28' North Latitude, and
72° 45' East Longitude; and is built upon an island,

called by the natives Tissoari, about 25 or 30 miles in

circumference. This island is separated from the con-

tinent by a navigable river, about three miles broad at

its widest part; and, though generally barren imd hilly,

it contains many level and fertile spots. At the en-

trance of the harbour is the new city of Goa, where
the viceroy and principal Portuguese inhabitants re-

side, and is defended by several fortresses, particularly

one called the Alguarda, which stands close to the

shore, and is so situated that every ship sailing up the

river must pass near its walls. About eight miles be-

yond this castle, is the old city of Goa, tlie seat of the

inquisition, and the residence of the ecclesiastics, built

in the form of an amphitheatre on several eminences,

and almost surrounded by hills, finely clothetl with

wood. The harbour is a noble basin, presenting on
every side the richest and most magnificent scenery.

The city of Goa was first taken from the Hindoo IJa-

jahs by the Bhamenee sovereigns of the Deccan, about

the year 1469; and was reduced under the power of

the Portuguese by the celebrated Albuquerque in the

year 1510. It soon became the most flourishing Euro-
pean settlement in India, but the Portuguese never

possessed any considerable extent of territory in its vi-

cinity. Its walls inclosed a compass of nearly twelve

miles ; and few cities in India or Europe were better

built, or more strongly defended. ; It was crowded with

monasteries ; and at one time, not less than 30,000 ec-

clesiastics are sai<l to have resided within its district.

These, however, soon began to apply tlieniselves more
8 T
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Go*. ardently to the acquisition of wealth, than to the in-

' struction of the natives ; and established in the place

the tribunal of the Inquisition, which continued till

very recently to exercise all its cruelties upon tiie Hin-

doo converts.* The town has been rapidly falling into

decay since the middle of the last century, and pre-

sents a most striking instance of ruined grandeur. The
banks of the river are still covered with country houses,

and many of these, especially the monasteries, from

their elevated situation, make a magnificent appearance.

I'he streets are straight and regularly built ; the houses

are large and handsome; and the number of its churches,

palaces, and public buildings, excites, at a distance, the

idea of an imperial residence ; but a nearer approach

disappoints the expectations of the stranger, and exhi-

bits a melancholy picture of wretchedness and ruin.

The churches and monasteries, the office of the inqui-

sition, and a few other public structures, are still kept

in good repair, particularly the church of San Caitan,

whicli is a beautiful specimen of It:ilian architecture ;

the convent of the Augustine monks, which is a hand-

some edifice; the Jesuits college, which is very large and
conspicuous ; the church of Francis Xavier, the chapel

of which, containing the monument of the saint, is un-

commonly splendid, and the tomb is ornamented with

basso relievos composed of the choicest marbles by Eu-
ropean artists, representing his history and miracles. But
more than one half of the houses and adjacent country

seats are void ot inhabitants ; the mo^t magnificent pa-

laces mouldering into ruin ; the streets faintly traced

by the remains of forsaken mansions ; the squares and
market-places depopulated and sihnt, andactu;illy filled

with noxious reptiles. The few human inhabitants are

priests, monks, half-st:irved soldiers, and low mecha-
nics ; and so great is their poverty, that women of the

best families earn their subsistence by working lace or

muslin, and making artificial flowers One of the most
celebrated productions of Goa is the Alphonso mango,
a delicious fruit, superior to all others of the same
species. It has long been famed also for its arrack,

which is made from the juice of the palm-tree, and for

its cocoa-nut oil. Rice, arrack, and oil, indeed, form the
principal articles of its now limited commerce. Two
or three ships arrive annually from Portugal with mi-
litary stores, and other articles ; and carry back print-

ed cottons from Sural, a few spices, &c. Two or three

trading vessels take in cargoes for China ; and a few
coasters collect the produce of the Malabar ports, in or-

der to supply the ships from Portugal with their home
cargoes, and to answer tiie demands of the inland trade
from Goa. There are a few armed vessels for the pro-
tection of the traders. Goa is 292 miles from Bombay,
1300 from Calcutta, 575 from Madras, and 395 from
Seringapatam. See Mid. Univ. Hist. vol. i.x. ; Parson's
Travels in Asia and Afriai ; Forbes's Oriental Memoirs;
Hamilton's East India Gazetteer ; and Buchanan's
Christian Researches in Asia, (r^)

GOAT. See Mammalia.
GOBELINS, Taiiestni MamiFadure at. See France,

Vol. IX. p. 718.
GOBIN, St, Glass Manufactory at, See Frakce,

Vol. IX. p. 718.
GOD. See Theology.
GOITRE. See MEniciNE.
GOLCONDA, a province of Deccan, a district in

India, comprehends the tract of coimtry between the
rivers Kistnah and Godavery in 17» North Latitude;

and extends about 200 miles frem north to south, and

220 from west to east. It is bounded on the north by
Berar, on the south by the kingdom of Mysore, on the

west by Visiapour, and on the east by the northern
^^

circars. It was formerly a portion of a very extensive

empire, which comprised all the peninsula from the

north extremity of Orissa to Cape Comorin. It was
anciently called Tellingana ; and it is some evidence of

its original extent, that the Tellinga language is at pre-

sent in use from the river Pennar in the Carnatic to

Orissa along the coast, and to a considerable distance

inland. It was reduced under the power of Aurenzebe
in 1 687 ; and now forms the principal possession of the

Nizam or Soubah of the Deccan. Its ancient capital

was Warangole or Oringal, about 400 miles from Ma-
dras, the site of which is indicated by an old rampart

of great extent, within which a modern fortress is erect-

ed ; but the present metropolis is Hydrabad, about 50
miles to the south-west, a large walled town, situated

in a delightful plain on the banks of the river Moussy,

902 miles from Calcutta, 352 frem Madras, and 480
from Bombay : (See HvDnADAn. ) About six miles

north-west from this town stands the celebrated fortress

of Golconda, which gives name to the province, and is

deemed impregnable. It occupies the summit of a hill,

of a conical form, and is of such extent as to deserve

the name of a city. It was anciently the residence of

the kings of Golconda ; and the tombs of many of them
are still to be seen in the midst of gardens at a short

distance from the fortress. + The country of Golconda
is extremely fertile, and produces abundant crops of

rice and other grain. Vines are very plentiful, and a

white wine is made of the grapes, which are ripe in

January. The wet or winter season begins in June,

and continues till January ; when the great heats com-
mence. But it is chiefly celebrated for its diamond
mines, which are generally adjacent to the ridges of

rocks running through the country. The principal of

these mines are in the neighbourhood of Raolcondo,

and Culloor, the last of which places is about 1 10 miles

east of Hydrabad, and is situated in the midst of barren,

rocky plains. The diamonds are sometimes found scat-

tered in the earth, witiiin two or three fathoms of the

surface ; and in otlier places they are bedded in the

body of the rock, at a depth of 4') or 50 fathoms. For

a particular account of these mines, see Philosophical

Transactions, vol. xii. or of the A'iriclgment, vol. ii.

See also Mod. Univ. Hist. vol. vi ; Rennel's Mem. ofa

Map of Hmdmtan ; and Tavernier's Travels. («)

GOLD. See Chemistry, p. 17, Gilding, Gold-
Beating, Mineralogy, Money, and Wire-Drawing.
GOLD-Beating is the art of reducing gold to ex-

tremely thin leaves, for the purposes of gilding. The
gold employed for this purpose must be pure. It

should be melted in a crucible, with a small quantity

of borax, and cast into small bars, or thin flat ingots, Casting t

about 4ths of an inch wide, and weighing two ounces ingot.

each. These are extended to long plates, by rolling

them in a flatting-mill, until they become lengthened

out like ribbands, and very thin. To effect this, the

ingot mu.st be passed be: ween the rollers a great num-
ber of times ; and to correct the hardness which the re-

peated rolling at length produces, the metal must be oc-

casionally am e iled, by heating it to redness, and suffer-

ing it to cool gradually.

'J'he rollers employed for this process should be of a Lamina-i
most perfect cylindrical figure, and have a highly po- ting.

• See delation lie I'TnqutsiUm ile Gna, par Dellon ; and Buchanan's Christian JlesenrrAeii in Asia.
+ Within the fort iisclf, the principal inhabitants and bankers of Hydrabail ate iwrmuted by the Nizam to possess bouses, to wliich,

«pon any alarm, they retire with their treasures and families.
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lUhed surface. Tliey sliould be of a large size, that
• they mny not yield or bend ; fortlie ultimate perfection
^ of the jfold leaf depi-nds very iiiaterinlly upon tlie pre-

cision witli whifii every part of the ribband is reduced

to an equal thickness. Formerly the reduction was
wholly effected by hammering : in com-se of time, a

«mall hand flatting-mill was used to fini.-h the work, af-

ter a consideralile extension had been produced by the

hauniier ; but at present the most improved practice is

to have the rolling done at a flatting-mill, wliere, by
following a similar process to that which we have de-

scribed under the article Coining, a ribband can be pro-

duced which will contain very nearly the exact weight
required for a given surface. TJie gold-beater gene-
rally orders this to be at the rate of very nearly 0'^

grains to a sipuire inch ; and the workman who con-

ducts the rolling, shews liis care in coming as near

to this as possible. Still much depends upon the good-
ness of his machinerj', and also upon the regularity of

the ingots in the first instance.

The moulds for casting the ingots should be made of

cast-iron, and the internal surface rather concave, be-

cause, in cooling, the metal contracts more in thickness

at tlie centre than at the outside. The moulds are

heated, and rubbed with linseed oil, or tallow, on the

inside, previous to pouring in the metal.

The ribband being tlius prepared, the gold-beater

cuts it up with shears into small squares of an inch

each, and having previously divided it rather accurately

by compasses, the pieces will all be very nearly of an
equal weight, which is about Gi grains for the ordinary

gold leaves, but is more or less as the leaves are intend-

ed to be thicker or thinner. In order to beat out these

squares to greater extent, they are made up into a par-

eel of about 150, with a leaf of fine calf-skin vellum
interposed between each square, and about 20 leaves

extra at the top and bottom of the parcel. The vellum
leaves are about four inches square, and the plates of
an inch square are carefully laid in the centre. In or-

der to retain the packet together, it is thrust into a

case of strong parchment, which is open at each end,

so that it is only a belt or band, but sufficiently broad
to cover tlie whole packet, except the two ends ; and to

secure these, a second case is drawn over the packet in

the opposite direction. By this means the packet is

rendered sufficiently firm and compact to bear beating

with a large hammer of 15 or 16 pounds weight, the

fjice ofwhich is circular, nearly four inches diameter,!and

so much convex as will make it strike more forcibly

upon the centre of the square packet, and extend the
small square plates regularly.

The beating is performed upon a very strong stool,

or bench, framed to receive a block of marble, or otlier

hard stone, which is about nine inches square on the
surface, and as heavy as can be procured ; the wood-
work is carried up round the stone in the form of a ledge,

rising on the two sides and at the back ; and to the

front edge is nailed a kind of apron, which the work-
man takes before him, to preserve any fragments of
gold whicli may come out of the packet. The handle
of the hammer is very short, and tlie w orkman mana-
ges it with one hand : he strikes fairly upon the middle
of the packet, which he frequently turns over to beat
the opposite side, but this he does in the interval be-

tween two strokes, without losing his blow. He keeps
up a constant beating, and when fatigued with one
hand he dextrously changes the hammer to the other,

whilst the hammer is elevated in the air, and without
any loss of time or force. The packet is occasionally

bent, or rolled between the hand^, to loosen the leaves,

and render the extension of the gold more free; and CoU-
the jiacket is sometimes taken to pieces to examine the *^' '"S-

gold, and the centre leaves put at the outside, by which **"''V""^

nieaii8 the spreading of the gold will be equal through-
out the packet. The beating is continued until the
gold plates are increased to nearly the same size as the
pieces of vellum ; they arc then taken out of the pack-
et, and each cut into four squares, by a knife drawn
across them in two directions. This reduces the plates to Second

about the same size as at first, and they arc again made bcaungb^

up for a second beating, in a packet of about the same *""*" '
'"**

thickness as the former ; but instead of vellum, skins
about five inches square, prepared from the intestines

of an ox, are interposed between each. The packet is

made up in cases in tlie same manner as before descri-

bed. The second beating is performed with a smaller
liammer, ofabout ten pounds weight, and is continued
until the leaves are extended to the size of the skins.

The folding of the packet must be frequently repeated
during this beating, to leave the gold as free as possi-

ble between the skins ; because the leaves begin now
to be very delicate, and are easily broken if the beating
is not very carefully performed. The leaves are spread
upon a cushion, and again divided into four, by means
of two pieces of cane cut to very sharp edges, and fixed

upon a board crossing each other at right angles. This
cross being applied upon each square leaf, and pressed

upon it, will di^ide it into four equal portions, wliich

are made up into a third packet of convenient thickness. Third b«»t-

and once more extended to the size of the intended ing.

leaves, which is about three inches, or three and a half

square. In this stiite the leaves will be extentled to , .

,

192 times the surface which the plates had before the ofihe""*
beating was begun. As these plates were each an leavec
inch square, and 75 of them weighed an ounce, the sur-

face of the ultimate leaves will be lf)2 X 7^> = 14400
square inches, or 100 square feet per ounce. This is

by no means so thin as they may be made, for it is

very practicable to extend an ounce to 160 square feet;

but the waste wising from the great number of broken
leaves, and the increase of labour, renders it of very

little advantage to the gold-beater to reduce them to a
greater thinness ; and to the gilder such thin leaves are

less valuable, both because they make less durable work,

and are so liable to break and waste in laying them on.

The leaves when finished are put into small books
made of single leaves of soft paper folded, but without

sewing, and the surface of the paper is rubbed with

red chalk to prevent the leaves adhering. Before put-

ting the leaves into these books, they are taken one by
one, with a pair of delicate pincers, out of the packet

of the last beating, and spread out upon a cushion of

leather, by blowing them flat ; then to cut them all to - .

the same size, a piece of square board is applied, which
l^^.^_

'-

has four sharp edges of cane glued upon it. These
edges being pressed upon the gold, cut it to the size

desired, which is generally 3; inches square. The
books are made up to contain 25 leaves each, and in

this state they are ready for the gilder.^

The extension of the gold during the latter beating

depends greatly upon tlie nature of the membrane or IfTh?^^
skin, which is interposed between the leaves. The prepa-

ration of tliese skins is kept a secret by the few indivi-

duals who furnish them to the gold-beaters. Dr Lewis
describes them as being made from the skins of ox-gut,

stripped off from the large straight gut cut open. A
number of these membranes are laid with the smooth
sides together whilst in a moist state, and will adhere

together : they are then stretched in a frame, and the

fat and loose skin carefully scraped off, so as to leave
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OoM-1)eat- only the fine exterior membrane of tlie gut. After-

G O L

ing

II

Goldoni.

eilUeaf.

wards they are beaten between leaves of soft paper to

absorb the grease, moistened with infusions of strong

spices, and are lastly dried and pressed flat. Before

being used, they are rubbed over with a pounce, com-
posed of plaster of Paris, which is rubbed strongly with

a hare's foot, to prevent the gold from adhering to the

membrane, which is very thin but tough, and so trans-

parent, that small print may be read through it. The
skins will serve for beating seventy or eighty times ; but

at length the gold will not extentl well between them.

It is said in the French Encyclopedie, that their virtues

may be again restored, by placing them between pa-

pers wetted with vinegar or white wine, beating them
for a whole day, drying them, and then rubbing them
again with the pounce. It is also recommended to

dry and press the skins every time before they are used.

The Dutch manufacture a false gold leaf, wliich is

made of brass covered with gold. The brass is reduced

to a fine thin ribband, by laminating in the same man-
ner as we have described for the gold. The ribband is

then gilded by the wash gilding process, and after-

Wards cut up into pieces, which are beat out into leaves,

by the same means that are used for gold beating ; but

the extension is not carried so far, because there is less

inducement to make the leaves thin.

It is difficult to distinguish this Dutch leaf from true

gold when new, but it very soon tarnishes and wliolly

loses its colour, which renders it unfit for any other

kinds of gilding than those which are to be varnished

over. (j. F.)

GOLD Coast. See Guinea.
GOLDONI, Charles, an eminent Italian dramatic

author, was born at Venice in the year 1707. He dis-

played an early disposition for study, and could both
read and write when only four years old. The peru-

sal of the comic writers of his country was his favourite

occupation. Of these, his father's small library afford-

ed him a considerable fund ; and he made it a practice

to transcribe those passages which gave him most plea-

sure. At the age of eight, he ventured to sketch a co-

medy of his own invention.

His fatlier having been called to exercise his profes-

sion of a physician at Perugia, he placed his son at the
college of the Jesuits there, where he studied grammar
and rhetoric ; and his preceptors were so highly plea-

sed with his proficiency, that when he was about to
leave the college, they offered him a situation in their

Society, which he, however, thought proper to decline.

He thence went to Rimini, to pursue his philosophical
studies at the college of the Dominicans. But the dry
dogmas of the scholastic philosophy had no attractions

for the lively mind of Goldoni, who thought himself
much more usefully and agreeably employed in peru-
sing the works of Plautus, Iference, and Aristophanes,
and in attending a troop of comedians, who were then
performing at Rimini. At the end of their engage-
ment, the players prevailed upon him to accompany
them to Chiozza, where his mother resided. His father

was a good deal irritated at this foolish step, but soon
became pacified ; and intending that his son should
embrace his own profession, he took him occasionally
to visit his patients. The son, however, showed no in-
clination for the medical profession ; and it was then
resolved that he should study law. With this view, he
was placed for some time as a clerk with his uncle, M.
Indric, a respectable practitioner at Venice, and was af-

terwards removed to the papal college in the universi-
ty of Pavia ; but in the third year of his studies, he was
typelled froin the college, in consequence of a satirical

eff'usion which he had been prompted to circulate against Coldoni,

some of the inhabitants of the town, who had given him CioWsmit

off'ence. After several changes of fortune, he at length ^""V^
engaged in practice at the bar of Venice; where he
published an Almanack for the year 1732, and compo-
sed a lyrical tragedy, entitled Amalasoiile, which he af-

terwards suppressed. Having been obliged to leave

Venice in disgust, he removed to Milan, where he be-

came attached to the suite of the Venetian resident.

Here he composed a short comic opera, called The Fe-
netian Gondolier, which was performed, and afterwards

printed among his works. He afterwards returned to

Venice, where he employed himself in composing
pieces for the theatres. His Beluarius, a tragi-coraedy,

was represented, for the first time, on the S^th of No-
vember 1734, and experienced a most brilliant recep-

tion, having been repeated every day until the 14th of
December.

In the spring of the following year, he accompanied
the comedians to Genoa, where he married a lady of
that place. From tiiis period, he continued to compose
dramatic pieces for several of the Itali.tn theatres. In
the year 174'2, however, he was induced to settle as an
advocate at Pisa, and he appears to have practised for

some time with considerable success ; but the theatre at

length seduced him from his legal pursuits, and he again

attached himself to a company of comedians. He ac-

cordingly returned to Venice, and continued to com-
pose for the theatres of that and other cities of Italy,

until the year 176I, when he received and accepted an
invitation to Paris. Here he furnished a number of
pieces for the Italian opera ; and even ventured, al-

though a foreigner, after a nine years residence, to com-
pose comedies in the French language. One of these,

Lc Bourru bicnfahnnt, experienced a very flattering re-

ception, and was admitted among the number of stock

plays. He also attended some of the French princesses

in the capacity of Italian teacher ; and besides some
present* in money, he obtained the grant of a yearly

pension of four thousand livres. At the period of the

revolution his prospects darkened ; his pension was
withdrawn ; and after passing some years in poverty

and distress, he died in the beginning of the year 1 793,

at the age af 86.

In private life, Goldoni appears to have been amiable,

cheartul, easy, and artless. As a comic author, he ranks

high among the writers of his age and country. Like
Lope de Vega, he seems to have possessed an almost

miraculous fertility of conception, and rapidity of exe-

cution. In one theatrical season at Venice, he furnish-

ed no less than sixteen new comedies, besides other pie-

ces. He also composed a great number of operas, both

serious and comic ; but of these he was not vain, and
indeed never thought them worthy of publication. His
admirable comic opera, however, entitled La Buona
Figliuoln, set to music by Piccini, and first performed

in London on the gth of December 1766, established

the reputation both of the author and composer in this

country.

The works of Goldoni are very numerous. The most
complete edition, it is believed, is that printed at Leg-
horn in 1788-91, in 31 volumes 8vo. See Memohesde
Goldoni, Paris and London, 1814 ; and Monthly Maga-
zine, vol. v. {z)

GOLDSMITH, Oliver, was born in the parish of

Forney, and county of Longford, in Ireland. He was
.

the second son of the Rev. Charles Goldsmith, a respec-

table clergyman of the established church. His early

education was limited to reading, writing, and arithme-

tiCj such as could be acquired from the schoolmaster of .
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his native village, and might fit him for some mercan-
tile employment. But having shewn some marks of
genius, it was at length resolved to send him to the uni-

versity ; and accordingly having gone through the pre-

piirutory studies, he waa admitted a sizer of Trinity

College, Dublin, in June 1744. While here, an unfor-

tunate quarrel with his tutor, occasioned by the impru-
dence of the one and tlie harshness of the other, blast-

ed his hopes of distinction. He engaged in a tumult,

and escaped expulsion only by making a humble con-
fession. Nor did he atone for such follies by diligence

and progress in learning. He was habitually indolent :

he neither stood candidate for the usual premiums, nor
chd he obtain a scliolarship ; and it was not till Febru-
ary 1 749, two years after the regular time, that he was
admitted to tlie degree of Bachelor of Arts. Having
lost his father, he was taken under the protection of his

uncle, the Rev. Thomas Contarin, who liad all along,
indeed, shewn him the utmost kindness, and who per-
.severed in his friendship towards him, notwithstanditig

the most provoking conduct on the part of young Gold-
smitli. He was at length, by this worthy relative, sent
to Edinburgh about the end of 175i2, to study physic.
His attendance on the medical classes there was very ir-

regular ; his habits of heedlessness and folly grew upon
him ; and his health, as well as his finances, was great-
ly injured, by the dissipations in which he freely enga-
ged. Having gone through the usual course of study,
he set out for Leyden with the consent of his uncle : af-

ter having, by the generosity of two friends at college,

been freed from an arrestment for debt, contracted by
his thoughtlessly becoming surety for a fellow-student.

At Leyden he continued for a year, studying chemistry
under Gaudius, imd anatomy under Albmus ; but more
heartily engaged in gambling, to which he was now un-
happily addicted, tlian in the pursuits of science. Strip-
ped of all his money, he determined to quit Holland,
and to make the tour of Europe. He supported him-
self by various means. Sometimes he had recourse to
his musical skill, playing on his flute for what the peo-
ple would give him ; sometimes his classical learning
procured for him entertainment at the monasteries ; and
aoinetimes, by engaging in those public disputations,
•which were maintained in the universities and convents,
he was so successful, as to be allowed a donation ofmo-
ney, a dinner, and a be<l for the night. In this manner
he travelled through Flanders, some parts of France and
Germany, Switzerland, and Italy. It was while in
Switzerland, that he first cultivated his poetical talents,

part of his beautiful poem the Traveller having been
written there, as he himself tells us. When he was in
Italy, he received accounts of the death of his uncle; and
the pecuniary remittances failing him in consequence of
this, he was obliged to travel homeward on foot. He
landed at Dover in 1756', having spent about twelve
months in this strange and adventurous peregrination.
He first became usher in an academy ; then assistant in
a chemist's laboratory; and at length commenced busi-
ness as a physician, which jirocured for him plenty of
patients, but almost no fees. In 1758, through the
kipdness of Dr Milner, a dissenting clergyman, he was
appointed physician to one of the factories in India.
To equip him for that situation, (into which, after all, he
never entered) he composed " Tlie Present State of Polite
Literature in Europe." This work was printe<l in 1759.
Before it appeared, he laboured as a contributor to the
Monthly Review. His contract with tlie editor was
favourable to Goldsmith ; but it was dissolved by mu-
tual consent at the end of seven or eight months. His
eircum&unces contijiupU to l)e narrow. While under

arrest for debt, he produced that inimitable novel, the Goldnniih.

Vicar of Wakefield, for which he received £60. On '•v*™'
May ,^lst 1761, he received his first visit from the cele-

brate<l Dr Johnson. Besides correcting and revising

many publications for Mr Newbery, he wrote his Let-
ters on English History, in 2 vols. l'2rao, which have
been by mistfike attributed to Lord Lyttleton, anil other

noble authors ; conducted a Lady's M^igazine; contri-

buted to the " Bee ;" and produced a periodical paper
called " The Ledger." This last work was afterwards
collected into 2 vols. l2mo, and entitled the Citizen of
the World: It is characterise*! by fine sentiment, and
exquisite humour. But his chief attention was l>estoW-

ed on The Traveller, which he brought out in 17(>5, on
which he intended to budd his poetical fame, and which
did procure for him both high reputation, and consi-

derable patronage. His charming ballad the Hermit,
recommended him to the Duchess of Northumberland.
In 17(J1'> the famous Literary Club was established;

Goldsmith was one of its first members, and con-

tinued in it till his death. In 1768, his comedy of " The-
Good-nature<l Man'' was first represented at Covent Gar-
den, and kept possession of the stage for nine nights.

And in the year following, he produced his fine and po-

pular poem of the "Deserted Village." While prepa-
ring these pieces for the press, he undertook and com-*
pleted his " Roman History," in 2 vols. 8vo, and Itis^

" History of England," in 4 vols. 8vo,—works intend-'

ed for the perusal of the young, and certainly written''

in an interesting manner, but almost always superficial,

and frequently inaccurate. The History of England"
was finished in two years, and he received for it £500.
He was employed all this time in literary efforts of ao-'

occasional and inferior hind ; such as prefaces, intr<V

ductions, and prospectuses. It was one of these that led
'

to the publication of the " History of the Earth and
Animated Nature," a production entertaining and well

written, but unfortunately abounding in errors. He
also wrote a " Life of ParncU," of which Johnson speak»'

in terms of high approbation. In preparing his " Beau-
ties of English Poetry," he introduced, inadvertently,

an indecent tale firom Prior, which blasted the success

-

of the selection, as it was chiefly intended for the use of"

boarding schools. The life of Lord Bolingbroke, prefix-

ed to that nobleman's l-Hssertations on Parties, was the

production of Goldsmith's pen, though his name was-

not affixed to it in the first edition. When the Royal

Academy was established. Sir .losluia Reynolds proctt-
"

red for him the appointment of professor of ancient his-
'

tory,—an appointment without salary or trouble, but
"

in other respects hemourable and useful to him.

On the 15th March 1773> his second comedy, " The
Mistakes of a Night, or She stoops to Concpier," was.

produced at Covent Giirden, was received by the au-

dience with great applause, kept possession of the
stage as a stock play, and increased his literary reputa--

tion. A scurrilous paper, occasioned by his success,

and inserted in a London paper, so jirovoked him, that

he went to the etUtor and assaulted him ; but the Doc-
tor got himself severely bruised in the scuffle. He was
led into thus quarrel by the officiousness of a pretended

friend. About this time, lie wrote " The Retaliation,"

" The Haunch of Venison," and some other small pie-

ces, which did not appear till after his death. A great

project now entered his mind ; it was " An Universal

Dictionary of Arts and Sciences." He had engaged his

literary friends to assist him, and had actually pivpared

a prospectus of the work. But his plan was interrupted

by a fever, which terminated his life on the 4th of .April

1744. He was privately iiiterred in the Temple burial
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(Jolf. ground. A marble monument was aftenvards erect-

"'Y""^ ed to liis memory in Westminster Abbey, between those

of Gay and the Duke of Argyle, in the poet's corner.

The inscription was written by Dr Johnson, and con-

tains a very just though concise delineation of his merits.

As a man, he was constitutionally kind, but exceedingly

improvident, and acted according to impulse rather than

principle. As a writer, he must be regarded as stand-

ing in the very foremost rank ofthe British classics. In

both views, simplicity may be considered as his leading

characteristic. ( t )

GOLF, is an ingenious field g.ame, played with bats

or clubs, and balk, and a favourite amusement in Scot-

land. When or by whom it was first introduced, is not

ascertained ; but we find, that as early as the fit\eenth

century, it was so much in vogue as to be an object of

attention to the legislature. The parliament of Scot-

land, assembled under .James II. in 1457, passed an
act prohibiting golf and foot-ball, as being found to

interfere too much with the acquisition of dexterity in

arcliery, an accomplishment in those days of such conse-

quence to tlie safety of the state. " It is decreed and
ordained," says the act, " that the foot-ball and golf be
utterly cried down, and not to be used, and that the
bow-marks be made at ilk (tack) pirisii kirk a pair of
butts, and shooting be used. Ami that iik man slioot

six shots at the leajt, under the pain of being raised

upon them that cumes not, at the least two pennies, to be
given to them tliat comes to tiie bow-marks to drink."
This shows that golf was at that period known and
much practised. And as in the tbnner reign, viz. of
James I. anno 1424, we have a similar act of parlia-

ment, prohibiting foot-ball, without any mention being
made of golf, we think the probability is, tiiat golf was
not then known :— certainly it was not much practised.

In both the subsequent reigns of James HI. and
James IV. we have similar acts of parliament against
foot-ball and golf. Under the first of these monarchs,
in 1471, it is enacted, " that foot-ball and golf be
abused, (that is disused) in time coming ; and that the
buts be made up, and shooting used, afler the tenor of
the act of parliament made thereupon." In the reign
ofJames IV. 1491, it is statute and ordained, "that in no
place of the renlm there be used foot-ball, golf, or other
such unprofitable sports," under the penalty of forty
shillings. All these statutes were evidently framed,
not from a conviction that there was, in tlie manly and
athletic exercises of foot- bull and golf, any thing inju-
rious either to the health, the morals, or the loyalty of
the subject ; but because they drew the attention too
much from the attainment of skill in martial exercises,
at a time when the situation of the country so eminent-
ly required it.

The ground over which golf is played, is in Scot-
land called links, and is usually a particular sort of
sandy soil in the neighbourhood' of the sea-shore, its

surface mostly covered with short close grass, here and
there interrupted by breaks, pits, and inequalities. These
interruptions are necessary to impart interest to the
game.
The track along which the players proceed, is deno-

minated the course, and may be either rectilinear, or
a figure of any number of sides. Holes are made in
the ground of about four inches diameter, and at the
distance of four hundred yards, or a quarter of a mile
trom each other; and the object of the game is to .strike
a ball from one of these holes into the next with as few
Strokes as possible. A game may be said to terminate
«t each 01 tliese holes, and their number is not limited,
but depends on the nature of the ground.

Balls are used of about 1 i,th of an inch in diameter,

and weighing from 26 to 30 drachms avoirdupois. They
are made of strong alumed leather, and stuffed with
feathers. The feathers are forced in at a small hole
left in the covering, by a blunt pointed iron instru-

ment, which the maker applies to his shoulder, and the
ojjeration is continued till the ball acquires a surprising

degree of h.irdness and elasticity. A good workman
makes about nine balls in a day. When dry, they are
painted with white oil-pauit, to exclude the water, and
render them easily seen. In playing, they are struck
with a bat or club, four feet in length, having a small

tapering elastic shaft, with a crooked head, into which
is run a quantity of lead to render it heavy, and it is

fortified by a piece of horn before. A good player,

with one of these clubs, will strike a ball to the dis-

tance of ISO or 200 yards. Every golfer has a variety

of clubs, differently formed, and adapted for playing in

different situations of the ball, and in different stages of
the game. A set consists of ibur at least, viz. the com-
mon or play-club, the spoon, the putter, and the iron;

but most golfers have ten or a dozen different sorts.

The common club is used when the ball lies fair on
the ground ; the spoon, when in a hollow ; the iron,

when among sand, gravel, or stones ; and the putter,

when near the hole.

A mjtch may consist of two or more players : but
no proficient at golf every plays in one exceeding four,

that number being allowed to be the most elegant and
convenient. Each party has a ball, and the rule is,

that at the begiiming of a hole or game, the player may
elevate his to what height he chooses for the conveni-

ence of striking, and this is done by means of a little

sand or eartli, and is called teeing ; but after the first

stroke has been made, the ball must be played from
the spot where it chances to lie. And whichsoever of

the bails lies farthest back, or at the gi'eatest distance

from the hole to which the players are proceeding, must
be always played till it get before the other.

Thus, suppose A and B to be engaged ^n a match.

A plays off, and then B. A's ball lies farthest behind,

and therefore, by the rules of the game, he is obliged

to play again. This is called playing one more, or the

odils. But A misses his ball, or sends it only to so short

a distance, that it is not yet^^so near the mark as B's. A
must therefore play a third time, and this is called play-

ing two more ; and should it so happen, that, even at

this stroke he does not get his ball laid nearer to the

hole than that of B, he must then play three more,

and so on.

When B then plays, he is said to play ofie off three

;

and if he plays a second time in order to get before A'i

ball, he is said to play one off two ; and if a third time,

one off one, or the tike. Then whoever of the two
plays first, again plays the odds. But if when B played

one off two, or one off three, A had been to play next,

he would then have played two more, or three more,

respectively. If the party consists of four, the rule

is the same, except that the two partners on each side

play alternately. If the ball be struck into the hole

at the like, or an equal number of strokes on both
sides, the hole is said to be halved, and goes for nothing.

To play this game, will require more dexterity and
practice than is commonly imagined. But an idea of
its difficulty may be formed by considering the small-

ness of the object struck, compared with the largeness

of the circle described in the swing round with the

club; the accuracy required to keep the course, and to

measure the force applied in such a manner as to avoid

hazards and over-driving the ball when approaching
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the end of the ranjfe ; also the judjjtnent requisite to

(letcrniinc the racKst advHntagcous dub to be used in any

j^iven situation of the ball ; as well us the allowance to

be made for tlie force and direction of the wind when
there ha|)poiis to be any, and the nature and ineijuali-

tic8 of the >iround. («)

GOMBKOON, or Bender Abassi, the Hahmozia
of tiie ancients, is a town of Persia, in the province of

Kerman. It is situated in a barren country, on a bay of

the gulf of Ormuz. The town is lar;i;e, and the houses

more commodious than in other parts of Persia. It is

fortified with double walls, and is defended by the fort

of Minah, which stands partly on a hill, and is divided

into the upper, the centre, and the lower, forts. A
small river breaks through the hills, and forms a puss

from tlie east, and its water, diffused by means of ca-

nals, serves as ditches to the fort. Tlie country, for

about 45 miles round, is covered with villages, and
supplies all the neighbouring districts with grain and
dates. The cattle of the adjoining districts are sent

here in great numbers to feed during the hot season.

Gombroon was formerly the first sea-port in Persia,

and it is still a place of considerable trade. Tiie Eng-
lish settled here in 1613. In 1620, the Dutch follow-

ed their example; and, upon the taking of Ormuz,
in 16^2, merchants flocked here in great numbers.
In 1759, it was taken by the French; but though
the English factory was afterwards re-esti>blished, yet,

from tlie heaviness of the expence, and the unhealthi-

ness of the climate, it has long ago been withdrawn.
Gombroon is now subject to the imam of Muskat. The
customs amount to iiO,000 rupees annually ; and for

tliis, as well as the tribute of Minah, tlie Imam is ac-

countable to the King of Persia. East Long. 56"' 12',

Nortli Lat. 27° 81'. See Milbum's Oriental Commerce,
vol. i. p. 131 ; and Kinneir's Memoir oj the Persian

Empire, p. 201.

GOMERA, one of the Canary Isles, is situated about
six leagues S. \V. from Teneriffe, and is about 20 miles
long, and 10 broad. The chief town in the island is

St Sebastian, or La Villa de la Palma, which stands
upon the siiore in the bottom of a bay on the south-east
side of the island, where shipping is secure from all

winds except the south-east. Ships of any burthen
may heave down and repair at the cove, hauling close

to the shore, which is a high and perpendicular cliff.

A battery, with several pieces of cannon, are placed
on the summit, for the defence of the harbour. At a
short "distance from the beach the town commences,
the principal street running straight inland. The houses,

to the number of 1 50, are small and mean ; the only
public buildings are a churcli and a convent. It is sup-
plied with good water. An account of the trade, &c.
of this place, will be found under our article Canary
I^LES. Population 7000. West Long, of the harbour
17° 7' 45", North Lat. 28° 5' 40".

GONDAR, the capital city of Abyssinia, is situated
in 12" 34' 30" North Latitude, and 37° t'S' East Longi-
tude from Greenwich. It is placed upon a hill of con-
siderable height, the top of which is nearly plain, and
which is surrrounded on every side by a deep valley.
The river Kahlia, which comes from the MoimUin of
the Sun, runs through the valley on the south side of the
town, and the river Angrab, falling from Woggora,
surrounds it on the north and north-east. These two
rivers unite their waters at the botU)«i of the hill, about
8 quarter of a mile south of the city. The houses of
Gondar are constructed chiefly of clay, and the roofs
are of a conical form, covered with thatch. The prinii-
pal public building is the palace, at the west end of the

town, wliicli is swd to have been built in the time of
Facilidas, bv masons from India, ant! by such Abyssi-
nian* as had been instructed in architecture by the Je-
suits. It had been originally a S(|iure building, four
stories high, and flanketl with square towers ; but ha-
ying been burnt at tliH'erent times, great part of it was
in ruins during Mr Brute's residence in Abyssinia.
Some of the apartments, however, still exhibited proofs
of their ancient magnificence. In one chamber the
walls had been covered with plates of ivory, stained
with stars of various colours; and in another the skirt-
ing was finished with ivory, four feet from the ground ;

and over it were arranged, around the room, three rows
of Venetian mirrors, fixed in I'rames of copper, while
the roof was formed of split painted cane, tlisposed in
Mosaic figures, in the gayest style. 'J'liere was still

ample lodging in its two lowest floors, and the audience
chamber alone was above 120 feet in length. Succes-
sive sovereigns have built apartments by the side of the
original edifice, which are formed of clay, and accord-
ing to the fashion of the country ; but the whole struc-
ture, and these contiguous buildings, are surrounded
with a substantial stone wall, 30 feet high, and the four;

sides of which are above an English mile and a half in
circumference. There are battlements upon the outer
wall, but no appearance of embrazures for cannon ; and
a parapet roof between the outer and inner wall forms
a gallery, by which a person can go along the whole,
and look into the street. In times of peace, Gondar
contains above 10,000 families, or 50,000 souls. One
of its principal manufactures is a kind of coarse carpet
made of the wool of the sheep and hair of the goat
dyed red or light blue. See Bruce's Travels in Abyssi-
nia, vols. iv. and v. 8vo ; Valeutia's Travels, vol. ii.

and Salt's Travels, (y)
GONG, is the name of an instrument used among

the Chinese for pro<lucing loud sounds by percussion.
It is a large circular instrument, somewhat resembling
a tambourine. It is entirely made of metal, and has its

face somewhat convex. The metal, which resembles
bronze, bears numerous marks of the hammer in every
part. A string passes though a hole in the rim, and
when the gong is suspended by this string, it is beaten
on the centre by repeated gentle strokes of a spherical
mallet, covered with folds of woollen cloth. When it is

properly struck, it emits an overpowering sound, which
may be heard at more than the distance of a mile.
Gongs are manufiictured openly in Canton ; and the

'

largest kinds are made in one of the interior provinces
of China. They are generally carried on a pole by two
men, and beaten by the hindmost, and are commonly
used at processions and at festivals, and also for the pur-
pose of regulating the steps of the soldiers.

I'he metal of which the gong is composed is brittle,

and very elastic, and has a granular texture. Dr Wol-
laston found it to be quite malleable at a temperature
considerably below that of red heat. He determined
the composition of the metal, and having made a quan-
tity of similar alloy, he mended a crack in a gong be-
longing to Sir Joseph Banks, and restored the tone of
the instrument. Klaproih found that the specific gra.
vity of the gong was 8.815, and tliat it consisted of

Gong.

Copper
Tin

78
22

100

Dr Thomson found that its specific gravity was 8.955,

that its thickness varied from one-fitteenth to one-

twentieth of an inch, and that it was composed of
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Plate
cclxxvii.
Fig.l,?,3.

100.000
-, Mr Murdoch hag recently discovered not only the

proper composition, but also the mode of manufacturing
gongs ; and in the course of his investigation has ob-

tained several interesting results, which we hope to be
able to communicate in asubsequent article. SeeGehlen's
Journal, Second Series, vol. ix. p. 408; and Thomson's
Annals of Philosophy, vol. ii. p. 208. 315, 316.

GONIOMETER, from ywtix an angle, and fttr^uv to

mieastire, is the name of a class of instruments for mea-
suring the inclination of one plane surface to another.

As the principal use of these instruments is to mea-
sure the angles of crystallised bodies, they were first

introduced, and are now principally used, by mineralo-

gists ; although those which depend on the principle of
reflexion, are of the most essential utility in many
branches of physics, particularly in optical experiments.

In our article Crystalloguaphy, p. 4.54, we have al-

ready described the goniometer used by Rome de Lisle,

and M. Hauy, and invented by M. Carangean, (see Plate

CCXXIII. Fig. 34.) and in the same article we have
given drawings and descriptions of the new reflecting

goniometers invented by DrWoUaston and Dr Brewster.

See Plate CCXXl V. Figs. ] . and 2. The present arti-

cle will therefore embrace some additional remarks on
the applicacion of the principle of reflexion, and an ac-

count of some other goniometrical instruments which
could not with propriety have been introduced under
the head of Crystallographt.
The reflecting goniometers of Dr Wollaston and Dr

Brewster were invented nearly about the same time,
without any communication between their respective
authors ; but though these instruments resemble one
another in so far as they both make use of the principle
of reflexion, yet they differ very widely in the applica-
tion of that principle, and in the mode ofmeasuring the
angles of crystals.

One of the advantages which Dr Brewster's gonio-
meter possesses over tliat of Dr Wollaston's, is, that the
former is capable of measuring a hollow angle, such as
a be, represented in Plate CCLXXVII. Fig. 1. and 2.

or one in which the crystal a be. Fig. 3. is imbedded
in a stony mass from which it cannot easily be detach-
ed. The case represented in Fig. 2. is one which ac-
tually occurs in measuring the angle whicli the edge of
the interrupting stratum, or crystallised vein of some
specimens of Iceland spar, forms with the surfaces of the
rhomboid. The determination of this angle is of the
utmost importance, and is incapable of being measured
by any goniometrical instrument with which we are
acquainted, excepting that of Dr Brewster's. See Pliilo-

sophical Transactions for 1815, p. 277.
This goniometer will measure the angles of crystals

with great accuracy, and little trouble, if the surfaces
are moderately smooth, and reflect the smallest quan-
tity of light. When the surface has the appearance of
being perfectly rough and irregular, the oblique re-
flection generally gives a very distinct image of a ver-
tical bar, when the image of a horizontal line or of any
other object could not possibly be obtained. It fre-
quently happens, however, that the crystal does not re-
flect sufficient light to form an image, or is so irregular
in its surface, or is so inconveniently placed in the spe-
cimen, that a variety of different contrivances must be
adopted for measuring its angles. In a specimen of
AUanite, for example, belonging to Mr Allan, the cry-
stals are situated in such a manner, that their angles
could not be measured by any goniometer without

4

breaking off' some of the projecting parts of the mineral.

When the planes of the crystal are smooth, but un-
polished, a small piece of parallel glass AB, Fig. 4. or

any other reflecting subst.ance, with parallel sides, is

successively placed upon the surfaces of the crystal

CDE ; the coincidence of the direct image of a rectili-

neal object with the image reflectetl from the piece of
glass, is observetl as before, and the angle found in

precisely the same manner. If the two surfaces of tlie re-

flector should not be parallel, the aberration will be cor-

rected by reversing its position on the second surface
of the crystal.

When the planes of the crystal are covered with
asperities which prevent the piece of glass from lying
parallel to these planes, we must make use of the re-

flector AB, Fig. 5. supported by three slender feet, and
so formed that the reflecting plane m n is exactly paral-

lel to the plane o p, passing through the extremities of
the three feet. 'The three feet are then placed upon
those points of the surface where there are no asperities,

and the coincidence of the imr.ges is observed in the
reflector : It is then transferred to the other surface of
the crystal, the coincidence of the images again obser-

ved, and the angle of the planes measured as before.

As the surface of the crystal may always be brought in-

to a horizontal position when the coincidence of the ob-
ject and its image is observed, the reflector will stand

steadily on the planes of the crystal ; but, in order to

secure it from sliding, a drop of varnish or melted bee's

wax may be placed round each of its feet. It might
be proper to have two or three of these reflecting tri-

pods of diff'erent sizes, and with their feet at different

distances, in order to accommodate themselves to the

smooth parts of the crystal. One of the reflectors might
be fixed on each surface with bee's wax, in tlie way re-

presented in Fig. 6. where C is the crystal, and A, B
the two reflecting tripods. If the position of the cry-

stal shonld prevent us from adopting either of these

methods, which was the case in the specimen of AI-

lanite already mentioned, we must have recourse to

the goniometrical microscope, which is intended to

measure the angles formed by two lines when the eye

is perpendicular to the plane of the angle.

If we conceive the two surfaces of a crystal to be cut

by a plime perpendicular to their common section, the

.ipparent angle contained by tlie two lines which form

the boundary of the section, when the eye is perpendi-

cular to the section, is evidently the inclination of the

planes. But if the cutting plane is not perpendicular

to tlie common section, the apparent angles of the lines

which form the boundaries of the section when viewed

by an eye perpendicular to it, is evidently greater or

less than the real angle of the crystal, according to the

position of the cutting plane. If the observer, how-
ever, places himself in such a manner, that the com-

mon section of the planes is parallel to the axis of liis

eye, then the apparent angle formed by the bounding

lines of the section, whatever be the position ofthe cut-

ting-plane, is the real angle of the ci-ystal. By placing

the crystal therefore, in tliis position, in the focus of

the goniometrical microscope, which shall be hereafter

described, and measuring the apparent angle formed

by the bounding lines, we obtain, by a very simple

process, the inclination of the planes.

This will be understood from Fig. 7- in which

ABCDEF is a crystal, ABC a section of it perpendi-

cular to AD, and Abe an oblique section. Now,
though BAC is the real angle of the crystal, yet, when
the oblique section A 6 c is viewed by the observer at

O, its bounding lines Ab, Ac are apparently coinci-
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dent with the lines AB, AC, whose inclination is the

real angle of tlie j)lanc8 ; and therefore, if we measure

by a jiroper instrument, the apparent angle contained

by the oblique lines A h, A c, we obtain a measure of

tlie real angle of the crystal.

The angles of the crystal may also be advantageous-

ly deduced, from the phuie angles by which any of the

solid angles is contained. The plane angles are first

measured with great accuracy by the goniometrical mi-

croscope, or the angidar micrometer adapted to a mi-

croscojje, and the inclination of the planes is detluced

from a trigonometrical formula. Whatever be the num-
ber of plane angles which contain the solid angle, we
can always reduce the solid angle to one which is form-

ed by three plane angles, and determine by the formu-

la the inclination of any two of them. Thus, if the

solid angle at A, Fig. 8. is contained by five plane

angles, and if it is required to find the inclination of

the planes ABC, ACD, we first measure the plane

angles CAB, CAD, and also the angle contained by
the lines AB, AD ; so that we have now reduced the

solid angle contained by five plane angles, into one con-

tained by three plane angles, CAB, CAD, BAD.
Legendre, in his Elements of Geometry, has given

a very elegant solution of this problem by a plain con-

struction ; and it is easy, from his solution, to form an
instrument for shewing the angles of the planes with-

out the trouble of calculation. Thus let the angles

BAC, CAD, DAE, Fig. p. be made equal to the three

plane angles by which the solid angle is contained.

Make AB equal to AE, and from the points B, E let

fall the perpendiculars BC, ED on the lines AC, AD,
and let them meet at O. From the point C, as a centre

with the radius CB, describe the semicircle BFG. From
the point O draw OF at right angles to CO, and from
F, where it meets the semicircle, draw FC. The angle

GCF is the inclination of the two planes, CAD, CAB.
In order to construct an instrument on this principle,

to save the trouble of projection or calculation, we have
only to form a graduated circle BHEG, with three

moveable radii, AC, AD, .A,E, and a fixed radius AB.
The moveable radii must have vernier scales at their

extremities, that they may be set so as to contain the

three plane angles which form the solid angle. Two
moveable arms BG, EO, the former of which is divided

into any number of equal parts, turn round the extre-

mities B, E ; and, by means of a reflecting mirror on
their exterior sides, they can be set in sucli a position

as to be perpendicular to the radii AC, AD. When
this is done, the number of equal parts between C
and O, tlivided by the number between B and C, is the

natural CO- sine ot the angle GCF; and therefore, by
entering a table of sines with this number, the inclina-

tion of the two planes will be found.
In order to obtain a more accurate result, however,

we must have recourse to a trigonometrical formula.
Let A, Fig. 10. be the solid angle, and let it be required
to determine, by means of the three plane angles, the
inclination of the surfaces ACB, ACD. Draw AM,
AN in the planes ACB, ACD, and perpendicular to the
common section AC ; join BM. DN Then it is ob-
vious, that the ang\e MAN is the inclination of the
planes required, and that the angle BAD, which is an
oblique section of the prism BM, will be equal to MAN
when it is reduced to the plane AMN. By considering
that the inclinations of the bounding lines of the oblique
section of the prif.m, to the bounding lines of the per-
pendicular section, are measured by the angles D,\N,
BAM, the complements of the two given plane angles

VOL. X. pAHTi.
H^«irirti»»fa.a

Sin.

CAD, CAB, we shall obtain, by spherical trfgonome-
try, the following formula

:

MAN _
2 ~

BAD+ CAD—CAB „. BAD+CAB—CA1>\

Sin. CAB. SmTCAO

Or, calling the angles of the surfaces of the crystal,

B, C the plane angles at the vertex of these siufaces,

and A the other plane angle, then we shall have

Rv/(^i

GoniomclVf.

Brewiter'i

gonioinctCT.

Platb '

CCLXXVU.

Sin.

Sin. 5 ;=Rad^(iSin,
A+B—C ^. A-f-C—

B

.-. • Sm. ——-

Sin. B. Sin. C.

a formula from which the value of ip may be obtained

by a very simple calculation.

Let the angle BAD, for example, be 62» 56', the

angle CAD =100" 2', and the angle CAB =106° 10',

then we shall have, by the preceding formula,

o. . <P „ 1 . Sin. 28° 24' Sin. 34' 32"
2~ Sin. 106-10' Sin. IOCS''

Now we have.

Log. sin. 28" 24'

Log. sin. 34" 32'

Add 2 Log. of Rad.

Log. sin. lOS" 10'

Log. sin. 100° 2'

From
Subtract

2 Log. sin. ~
Log. sin.—

9.6772640
9.7534954

19-4307594

20.0000000

39-4307594

9.9824774
9.9933068

19.9757842

39.4307594
19-9757842

194549752

9.7274876

Hence—=32° 16' 18"

and ip = 64" 32' 36"

the angle of the surfaces of the crystal.

A goniometer, upon another principle, has recently Burrow '<

been invented by the Rev. E. J. Burrow, fellow of goniometer.

Magdalene College, Cambridge. The following is the
description of it given by himself:

" BG (Fig II.) is asteel bar, of about -g^ of an inch Fig. 11.

square, chamfered off to the jx>int B. On BG is taken
exactly an inch, BA, and A is made the centre ofmotion
of the legs DE and de, of which DE is also brought to

a point at D to correspond with B. To the other end of
thei>e legs is attached by the pin F, a moveable qua-
drant, passing tlirough the bar BG at C, and graduated
to read towards the side of the shorter leg U e. The
handle GH is made to project on the opposite side to

that on which the legs move, that it may not interfere

with the use of a brass degree divided into minutes, to

be attached to the centre A upon longer radii. The
leg AH is divided accwati-ly into tenths, and the two
nearest the point U into twentieths, and these again
into fortieths. The whole instrument is about four
inches and a half long.

iNow if the crystal, tlie angle of which is to be mea-
2 ij
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sured, be detached, it is obvious, that, if an acute one,
by applying it to the angle BAD, the vertical and equal
angle EAC will be given on the quadrant ; if obtuse,

by applying it to the angle's and B, we obtain its sup-
plement EAC. But if the crystal be imbedded in the

, matrix, so that with the common goniometers having
the moveable vertex, it is difficult to procure a mecha-
nical measurement of the protruding angle, we take
any distance from the vertex of the crystil measured
Upon the scale of tenths, &c. ; and placing one point
of the instrument, (ex.gr.) on x (Fig. 12^) and the
other on z, so as to make the triangle j:yz isosceles, we
get upon the quadrant the angle which the base x z sub-
tends at the radius one inch; and we have the side

xy measured. As, therefore, when the object is given,

the angle it subtends, and —-j- , we have the propor-

tion XTj: AB : : angle found : angle sought. And as the
whole radius is one inch divided into tenths, this pro-
portion is easily made in the head.

The short bar is added for the better carrying of the
quadrant; and renders the instrument useful in geolo-
gical observations, to ascertain the inclination of stra-

ta. This is done by hanging a small plummet to a hook
at A, and having made the angle which it forms at BC
a right angle, and moving the outer bars, till their up-
per line coincides with the stratum, the angle of incli-

nation will be given on the quadrant.'"
We shall now conclude this article with the descrip-

tion of a goniometrical telescope, and a goniometrical
microscope, invented by Dr Brewster, and described in
his Treatise on Netu Pliilnsoplvcnl Ijintiumcnts.

This instrument is represented in Fig. IS, where TT
is the eye-tube of the telescope, which carries the gra-
duated circle AB, divided into ,"360 degrees. By means
of the milled head which surrounds the eye-glass at F,
this circle has a motion of rotation about the axis of the
eye-tube. The vernier V has likewise a motion round
the axis of the instrument, and may be set to the zero
of the scale, when the level L, fixed to the plane surfice
of the graduated circle, is adjusted to a horizontal line.
On the same surface, parallel to the axis of the level,
there are fixed two screws, (one of them is seen at s,)
on which the arm DF may slide to or from tiie eye-glass
E. This arm is bent into a right angle at D, and car-
ries a frame, in which the small reflecting plane O,
made of black glass, is fitted so as to have a rotatory
motion about the axis a b.

When an angular object appears in the field of the te-
lescope, the arm DF is pushed backwards or forwards,
till the mirror O is near the centre of the eye-glass, and
it is then turned round its axis a b, by means of the le-
ver h, till the observer, by looking througli the eye-
glas-s, and into the mirror at the same time, perceives a
distinct reflected image of tlie field of view, and the an-
g\ilar obiect which it contains. The graduated circle
AB ]s then moved round its centre, till the reflected
miage of one of the lines which contains the angle is

contmuous with the line itself, and the degree pointed
out by the index is noted down. The circle is again
made to revolve till the image of the other line is con-
tmuous with the line itself, and the place of the index
is agam marked. The arch ofthe circle intercepted be-
tween these positions, is the measure of the angle requi-
red. To save the trouble of reading off a second line,
the vernier may be placed at the zero ofthe scale, when
the fir.st coincidence has been observed.

• ijl
"!'!''' *° explain the theory of this instrument, let

ABC, Fig. 14. be a plane angle seen in the field of the
telescope, and MN the section of a reflecting mirror

Gor

1
1

whicli inoves along with the graduated circle. When Gonioi

the side BC is in the same straight line with its image
CE, BC is perpendicular to MN; and when, by the
motion of the divided circle, the mirror MN is brought
into a position m n perpendicular to the other side AB, _

*

the arch described by the moveable circle is evidently a yw v.

measure of the angle formed by the lines AB, BC. The
angular motion of the mirror, in passing from the posi-
tion MN to m n, is not measured by the angle AOC, '

formed at the centre O by AO and CO, but by the an- (

gle FOG, which is equal to ABC. This will be evi- i

dent from considering, that the lines AB, CB are pa- '

rallel to FO, GO, and that the same angle would have
been obtained, by taking the reflected image of the lines

FO and GO.
When the instrument is required to measure the ap-

parent angle which any right line makes with the hori-
zon, the index of the vernier should point to zero when
the level is adjusted to the horizon ; and then, by turn-
ing round the graduated circle till the coincidence be-

j

tween the direct and reflected image of the right line is

observed, the index will point out the angle required.

The goniometrical microscope is represented in Fig. Goniaa

15, and is nothing more than the application of the pre- '*• ""i

ceding contrivance to a microscope. See Nicholson's l?"'"', .';

Journal, Jan. 1809, vol. xxii. p. 1. and Brewster's TreU' *
i

tise on New Phil. Instruments, p. 97— 106, 110.
j

GONORRHOEA. See Medicinb and Surgery. I

GOREE, is an island in the Atlantic, on the west 1

coast of Africa. It is about SO leagues from Senegal,
|

about 1 league from the Terra Firma ofCape Verd, and
about '^ leagues from that Cape itself. The island is

about 800 yards long and 240 broad, and is surround-
ed on all sides by inaccessible rocks, excepting in one
.small place to the east-north-east, contained between two
points, one of which is high and the other flat, and co-

vered with a bank of sand. This place forms a natural

and secure harbour. A late director of the island, M.
de St Jean, erected a new fort, and several buildings,

discovered springs of good water, and planted a variety

of vegetables and fruit trees. The air is cool and tem-
perate during the whole of the year ; and the inhabi-

tants are refreshed by alternate breezes from the land
and sea.

This island was ceded to the Dutch in I6l7, by Bi-

ran, king of Cape Verd. It was immediately strength-

ened by Nassau Fort on the north-west, and afterwwdi
by Orange Fort, a little nearer the shore. In 1663,

Admiral Holmes took it from the Dutch. In 16"65, it

was retaken by Ruyter; but in 1677 it was taken, after

some resistance, by the French under the Count D'Es-
trees. The English took the island from the French in

1 692, and restored it in 1 6,9,'^. Since that time, it con-

tinued in the possession of the French with a few in-

terruptions, and was guaranteed to them by the treaty

of 1 yS.*?. It was taken by the British in the lati' war.

West Long. 17" 24' 45", and North Lat. 14' 40' 10".

Those who wish for very particular information respect-

in;; Goree, may consult Prelong's Memoire sur Guree,

in tiie Amiales de Chimie for 1 793.

GORITZ, GoRZ, or Goritia, is a town of Germany,
situattd in a district of the same name. The to« n is

handfonie, and is picturesquely situated on the river Li-

sonzo. A great number of the houses are good, and be-

long to noble families. It has seven convents, nine cha-

pels, ao'l a college. The opera-house, thougli not very

neat witn.mt, is elegant and commodious within. The
fort commands an extensive view over the surrounding

countiy. On the nortii fide of the town are eminences

»fmoderate height, affording all the characteristics ofthe

I

I

J
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finest Swiss scenery; while on the south, the plain diture of £ 5000. The following is an abstract of the

country exliibits nil the l)enuties of an Italian climate. ponulation of the town of Gosport for 1811.

The district of {joritz contributes annually along with Inliabited houses HS9
Gradisca, an insipuilicant town, 4 l,.50ii florins to the Number of families l6H
maintenance of the army. Tlie country produces wine. Families employed in trade 385

fruits, >ilk, and corn. Population 12,000. Males 3483

G(3hLITZ is a town of Germany in Upper Lusatia. Females 4305

It is situated on the river Neisse. Besides the cathedral. Total population T788

there are two churches within the walls, and three with- See Warner's Toposrapldcal lUmarks rdathig to the

out. The organ is reckoned the finest in Europe, next to South-western parts if Hnmpihire. ; and the Beavlie* of

that of Haarlem The great spire, the chapel of St George Englandand JValex, vol. vi. p. 310.

cutoutofthe rock, the publiclibrary, and tiiecollections GOSSLAU, is a large town of Westphalia, situatetl

of the Society of Sciences of Upper Lusatia, are worthy on the river Gose. The raa^nitude of this town forms

the notice of strangers. The mountains of Gorlitznear a very singular contrast with its population, which does

the village of Konigshayn, about 4 miles from the town, not exceed 6000, the number of houses being no fewer

are composed of vast mas.ses ofgranite; on one of which, than about 1.500. The cathedr.il church of Gosslar

a lofty granite column hiis been erected to the memory is the only remarkable building which the town con-

of M. Von Schachman, the proprietor of Konigshayn. tains. It possesses the altar of Crothos, one of the dei-

Numerousfragments ofgranileare scattered around these ties of the ancient Saxons, who sacrificed to it infants,

mountains. On the road from Gorlitz to Konigshayn, It was brought from Harzburg, and is considered as a

is situated the once celebrated holy sepulchre. It is an genuine piece of antiquity by the antiquarians of the

exact representation of that which was shewn in Pales- town. It is a brass chest, perforated on every side, so

tine in the 15th century. The baths of Liebwerda, that the flames could strike through to consume the

about five miles from Gorlitz, are generally visited by victims which lay upon it There is also here a Chris-

strangers. Gorlitz has long been celebrated as a flourish- tian altar, encircled with large metallic columns. It

ing manufacturing town. Cloth is fabricated here in great was found at Harzburg, and is regarded as a monument
quantities ; and during the last ',iO years, considerable im- of the heatlien ages in Saxony. This town is celebrated

provementshave been made, particularly in the quality of for its excellent beer called Gose. There are seven tlif-

thatarticle.by the attention which is paid to the breed of ferent species of it, the best of which is called Beste-

sheep, and the importation of .Spanisli rams. Linen and Krug. It is a very spirituous drink, and tastes more of

cotton stuffs are also manufactured here. Population 8.500. wine than of beer. There are here also manufactories

GOSPORT, is a seaport town of England, in Hamp- for vitriol, paper, and fishing-nets,

shire, situated on the west side of Portsmouth Harbour. GOTHA, anciently Gnmm''stein, and afterwards

This town, which flourishes particularly in times of war, FriedenHein, is a town of Germany in Upper Saxony,
consists of a principal street extending westward from situated on an eminence near ' he Leine, which sup])lies

tlie harbour to the fortification, with the obstruction the town with water, conveyed to it in stone canals,

only of the market-hi'use, and of other streets parallel Gotha is one of the handsomest towns of Thuringia.

to the principal one, and croised by various streets of a The Ducal Palace stands on a lieight above the town,
smaller size. Different ranges of buildings stretch also and contains a museum of naiurid history, a librjrj, a
along the shore and near the fortification. Gosport is cabinet of medals, and a splrndid collection of prii-ts,

fortified on the land side by a line of bastions, counter- paintings, geographical charts, and mathi-matical -nd
scarp <, &c. which extend irora Weovil to Alverstoke physical instruments. This excellent collection, wl.ich

Lake. The king's brewery and cooperage, with store- has been recently enlarged by that of M. Lichtenberg,
houses for wine, malt, and hops, are within the works has been long ago minutely described by Keysler.

on the Weovil side. The new barracks are also on tlie At that time the Ducal libr.try consisted of about ''O.OOO

Weovil side. Gosport is a chapelry to tlie village of printed volumes, and 200') manuscripts. The cabinet
Alverstoke. The chapel stands to the south of the of medals, which is particul.->rly valuable, has been long
town, in a well-wooded cemetery. It is a large build- ago described by M. Liebe, in his Gothce iiiiinmaria,

ing, neatly fittetl up. I'here is also here a Roman Ca- and more recently by M. Schlichtegroll, in his Hislr.ria

tholic chapel, and a meeting-house for the Dissenters, Numo'hccm Gotlianm. Gotha, 17r'9- The Ducal Palace
who have an academy for the education of young cler- has recently undergone great improvement, particular-

gymen, under the management of Dr Bogue. There ly in the grand terrace, %vliich has been compared to
are at Gosport several eharity-schools, an alms-house, that of Windsor The English garden of the Duke is

and a large and airy work-house for the poor. The worthy of being visited, and the small island, planted
principal manufactures here are an iron foundery, and with weeping willows and birches, which contains the
several breweries. A neat theatre has been ei-ected at tombs of Ernest and Charlotte, the chiklren of the reign*
Gosport. ing Duke. A column of granite, surmounted by an urn

This town communicates with the sea by means of a of white marble, is pl«ce<l near the tomb. The gar-
large bason and canal, with extensive qiiaj's, where ves- den of the Duchess, containing the monument of Ma-
sels of considerable size can take in their stores. Ferry- dame de Buchwald. and busts of Newton, Leibnitz,
boats are constantly passing and repassing across the and Kepler ; the buildings of the Orangerie ; and the
harbour between Gosport and Portsmouth. hotel of Prince Augustus, the brother of the Duke, are

Near Gosport is situated the royal hospital at Hasler, also objects ofsome interest. The other public buildings
forthereceptionof sick and wounded .seamen, which was are the arsenal, the two churches, calletl K/os'er wid
erected between 1746 and 1762. It stands within 400 Neumarkis Kirchen, the last of which contains the tombs
yards of the extremity of the point of land which lies of several of the Saxe-Gotha princes; an hospital for
to the west of the entrance to Portsmouth harbour, soldiers, two schools for the children of soldiers, a puTi-
The front is about 567 feet long, and it has two lie college, a gymnasium with a goo<l library, the pid)-
wings, each of which is about 552 feet long. It can lie library, the house of correction, and an hospital tax t

accommodate 2000 patients, and has an annual expen- widows, and another for orplians.
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The {principal manufactures in Gotha are those of The population of Gottenburg was in

woollen goods, ribbands, muslin, and porcelain. There 1791 15,000

are no fewer than six periodical papers published in this 1804 17,760

town. Near the village Siebeleben, about half a league 1811 24,858

from Gotha, upon the insulated mountain of Seeberg, is The country about Gottenburg consists of low preci-

an excellent observatory, under the charge of Baron pitous ridges of naked rocks of gneiss, stretching in va-

Zach, an able and active astronomer. Population of the rious directions. They vary in height from 100 feet to

town, 1 1 ,500. 3 1 0, which was the highest, as measured by Dr Thom-
GOTHA. See Sweden. son. Tolerably cultivated vallies, about a m.ile wide,

GOTHARD, St, Mount. See Alps, p. 575, 576, separate these ridges. The west side of the island of

and 579. Hisingen is composed almost entirely of naked rocks ;

GOTHIC Architecture. See Civil Architec- and it protects the town against the north sea, and the

TURE, p. 534, 652. west winds. See Coxe's Travels in Snwden, vol. iv.

;

GOTHLAND. See Sweden. Catteau de Calleville's Voyage en AUemagnc et en Suede,

GOTHS. See Celts, Denmark, Sweden, Rome, &c. vol. ii. p. 300; Kuttner's Travels through Denmark,

GOTTENBURG, or GoTHEBoiiCi, is a sea port town Sweden, S^c. sect. vi. ; Thomson's Travels in Sweden,

on the west coast of Sweden, and the second town in the chap. i. ; and Inland Navigation, for an account of

kingdom. This town is situated on the banks of the most the great canal of Trolhatta.

easterly branch of the Gotha, a large river which issues GOTTINGEN, or Goettingen, is a city of Lower
from the lake Wenner. About ten miles from Gotten- Saxony, in the electorate, (now kingdom,) of Hanover,

burg it divides into three branches, two of which are soon and principality of Calenberg. It is situated on the

reunited, after passing a rock upon which the old fort of small river Leine, in longitude 9° 53' east, and latitude

Bohus is situated The other two branches discharge 51° 32' north.

themselves, by separate mouths, into the sea, and form a The university was founded by George II. in the year

large island called Hisingen. The town is nearly three 1734, and soon became one of the most celebrated and
miles in circumference, exclusive of the subiirbs called best frequented seminaries on the continent. It is be-

Hoga, and is regularly fortified with a ditch and wall. lieved to have suffered considerably during the oppres-

Gottenburg consists of a principal street, called sive occupation df Hanover by the French, and the mi-

Great Harbour Street, consisting of houses three stories litary operations in the north of Germany, subsequent

high, built of stone or brick, resting upon piles, and to the disastrous battle of Jena ; but it will probably

covered with white plaster, the roof* being in general recover, in some degree, its former prosperity, under the

concealed. A canal on the river Ham, crossed occa- present favourable circumstances. The university pos-

sionally by wooden bridges, two of which only are for sesses a noble library, consisting, it is said, of more than

carriages, runs along the middle of this street. This 150,000 volumes, a museum of natural history, an ob-

street is crossed at right angles by North Harbour servatory, and other institutions for the advancement of

Street and South Harbour Street, and a few others ; and science. Connected with the university, are the Royal

parallel to it there are other streets of inierior note. Society, the Philological Seminary, and other scientific

These streets are ill paved with round stones, and have and literary institutions. Gottingen boasts of having

no side pavement. At the west end ofthetownisa cherished many individuals, eminent indifferent de-

hill about 100 feet high, upon whjch are several streets, partments of learning ; among whom may be reckoned
This part is called the upper town, and the other part Mosheim, Michaelis, Mayer, Lichtenberg, K'astner,

the lower town. In the upper town, the rows of build- Burger, Beckmann, Putter, Heyne, Blumenbach, Mar-
ings rise above one another like the seats of an amphi- tens, and many others whose names are familiar to

theatre. The exchange, and the extensive building be- those who are conversant with continental literature,

longing to the East India company, stand in the prin- The town contains about 12,000 inhabitants, inclu-

cipal street. There are in this town two Swedish ding the garrison and uniTersity. It Was formerly a

churches, and a German church. In 1 8 1 2, a very mag- place of some strength ; but the fortifications have been
nificent church was building with stones brought from demolished, and the rampart converted into a public

Scotland. walk. The woollen and hat manufactures are, besides

The harbour of Gottenburg is about one-fourth of a the university, the principal support of the inhabitants,

mile in breadth, and is formed by two chains of rocks. Those who wish for a move particular description of
Its entrance is defended by the small fort of New Elfs- Gottingen, and more minute inibnuatioii on the subject

borg, situated upon a rocky island, and garrisoned with of its literary history, may consult Piitter's Versuch

250 men. einer Academ. Gelehrlen-Geschichte von dcr Univ. zu

Gottenburg formerly carried on a very great com- Gi)llinsen,2\o\i B\i). 1788 ; and Rintel's Versuch einer

merce in herrings, but, for several years past, they have sJcizz. Beschreib. von Gottingen, Berlin, 1791, 8vo. (r)

entirely left the coast, and the fishing has of course GOUD.'^, or TEnoouw.is a town of Holland, advan-
declined. Formerly, they obtained about 600,000 tageously situated on a branch of the Rhine, called the

barrels of herring annually, of which they salted Issel, where it receives the Gouw. 1'he town is well

200,000 ; train oil being obtained from the remainder, fortified, and has five gates ; but it is principally cele-

at the rate of one barrel from 15 barrels of herring, brated for the painted windows of its magnificent ca-

In the year 1790, there was exported from Gottenburg thedral. These paintings were executed principally by
104,797 schips of iron in bars; 9,033 schips of other Theodore, and Walter Crobeth of Gouda, and they have
iron; 1142 schips of steel; 36,900 planks; 195,482 been preserved with singular care. The principal trade

tons of salt herrings ; and East India commodities, con- of the place consists in cordage, and tobacco pipes, and
sisting of tea, silken stuff's, cinnamon, rhubarb, sago, cheese. In the neighbourhood of the town great quan-
fans of bamboo, porcelain, &c. to the amount of599,471 tities of bricks and tiles are made. Peuchet informs us
rix dollars. A Royal Society of Sciences and Literature that there were once in Gouda 350 breweries, which
has been esUblished here, and has published some vo- supplied with beer Zealand and a great part of Flan-
3umes of its memoirs in Svo. ders. This trade is now greatly diminished.
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GOVERNMENT.
Ctovernment, in political science, sometimes signi-

fies the act of carrying the national affairs into execu-

tion ; sometimes tlie person or persons who, as a sepa-

rate branch of the constitution, are lawfully charged

with that function ; and sometimes it imports the whole

framo of the civil polity. In this latter and more com-

prehensive sense, it is synonymous with constitution;

and it is in this sense we purpose here to employ it.

In endeavouring to simplify a subject so infinitely

varied and complex, Aristotle and othen ancient writers

have reduced all systemu of government to the primary

and elementary forms of Depiocracy, Aristocracy, and

Despotism. Under the first, the whole body of the peo-

ple are at once the sovereign and the subject ; laws are

enacted by them alone, and the whole business of the

commonwealth, whether it be the command of armies,

the judiciary and ecclesiastical functions, negotiations

with foreign states, or any other department of affairs,

is transacted by officers appointed by them, and re-

sponsible to their authority. Under the second form,

the many are subject to the few,—on whom superior

wealth, talent, and, it may be, virtue, have originally

conferred power, and in whose descendants a still fur-

ther accumulation ofwealth,—ambition,—and the popu-

lar sentiment in favour of illustrious birth, even where
talent and virtue have no place, have, by a natural and
easy transition, confirmed it. Under a Despotism, no

orders are issued, no measures adopted, no atfiiirs trans-

acted, but with an exclusive reference to the personal

gratification of the prince, or the security of his power.

I^ws which, under a Democracy, are enacted by the

people themselves, and, under an Aristocracy, by the

nobles, as the rule of public and private conduct, and the

measure of public and private right, have no existence

under a Despotism. The will of the tyrant is the sole

law,"which, therefore, fluctuates every -moment, and the

people, their children, and their property, exist only in

subservience to his passions, his caprices, and his crimes.

Modern writers, and particularly the President Mon-
tesquieu, have regairdetl this arrangement of the ele-

mentary forms of government as inaccurate. Accord-

ing to the well known division of that eloquent philoso-

pher, these forms are, in like manner, three; the Repub-
lican, the Monarchical, and the Despotic. Under the

first, he comprehends the Democratical and Aristocrati-

cal of the ancients ; his description of which, as well as

of tlie Despotic form, corresponds with theirs. The de-

scription ofthe Monarchical form differs in nothing from
that ofthe Aristocratical, except that, in the latter, the su-

preme power is exercised by a combined plurality, but, in

the former, by a single individual. As in the Aristocrati-

cal too, the administration of the nobles is controlled by
the laws which they have themselves enacted ; so, in the

Monarchical, that ofthe prince is restrained, however im-
peri'ectly, by the rules of his own sovereign appointment;
and this, as in both the Republican forms, constitutes

the elementary difference between it and the Despotic.

But, according to this distribution, the ancient ar-

rangement is not so properly inaccurate, as incomplete.

The arrangement of Montesquieu is precisely that of
the Greek pliilosophers, with the addition of the Mo-
narchical form. The inaccuracy, it would seem, is ra-

ther chargeable upon him, since, in his enunciation of
the elementary or simple forms of government, he li-

mits, after the ancients, the number to three, whilst, in
his description, he enumerates, (as they appear to us,)
ibur essentially different systems. For though he has

combined the Democratical and Aristocratical forms un-
der the general term republican, it is difficult to per-
ceive in what sense the latter is more republican than
the Monarchy of his enumeration. The character-
istic difference, according to his own description, Ije-

tween an Aristocracy and such a Monarchy, consistsjn
the individuality in the one case, and, in the other, in
the plurality of persons by whom the sovereign power
is exercised The people are absolutely excluded alike
under both, from all share in the public authority

;

alike under both, the concerns of the state, its interests,

its property, and its rights, are in no respect subject to
their control or interference. In what sense therefore

can these rights, interests, and concerns, or (which is

here the same thing) the power by which they are re-

gulated and controlled, be denominated republican,

when applied to the Aristocratical form, which will not
be equally applicable to the Monarchical .''

Whether this enumeration of the elementary govern-
ments, as enlarged by Montesquieu, be complete, we
shall not at present stop to inquire ;—tfiat it is charge-
able with the inaccuracy we have alluded to, can scarce-

ly, we think, be questioned. We rather proceed to ob-
serve, (what must likewise be well known to most of
our readers,) that the same writer, liesides describing the
nature of the different simpler forms ofgovernment, has,

with no less elegance than, as it appears to us, sound
philosophy, indicated the principle upon which they
chiefly depend for their respective support.

Under the Democratical form, public rirtite, perva-
ding the hearts and comluct of the whole body of the
people, is the animating and sustaining principle.

Every selfish and exclusive purpose must be relinquish-

ed by the individual ; and his couiitrj', its glory, and its

happiness, must take entire possession of his breast.

P*roud distinction for popular government ! and happy
the people among whom it is established, if the prin-

ciple were a sure consequence of the form !

Under an Aristocracy, (and as a distinct principle \s

ascribed to it, we have here a further indication that it

constitutes a fourth form, altogether different from a
Democracy with which the celebrated writer we have
alluded to, liad classed it,) moderation, as well on the

part of the few who govern, as of the many who obey,

is the principle. If, among the former, any individual

aspire to an over-ruling share of power, a tendency to

the Monarchical or to the Despotic foi-m, immediately
arises ; and if, among the latter, a sense of public rights,

a spirit of jiatriotism, a disposition to interfere witli the
government, should appear, a tendency emerges in fa-

vour of Democracy.
Under the Monarchical form, the preserving principle

is said to be honour. The word is abundantly vague and
illusory, because the thing signified is commonly so also

;

but here it seems to import, ttiat each individual of a nu-
merous nobility, (for a Monarchy, in the sense of Mon-
tesquieu, implies a nobility,

—

no nobles, no king, ) as well

as the wholeorder considered as a separate body, and even
each individual of the people, as well as the separate class-

es of which they may be composed, are constantly actuat-

ed byajealousyfortheirrespective and exclusive interests

and consequence. Ever jostling in the pursuit ofthese ob-

jects ; ever suspicious of mutual encriMchments ; and, at

the same time, alike intent upon securing a portion ofthe
royal favour, through one or other of the many chan-
nels in which, in a Monarchy so nearly absolute, it al-

ways abundantly flows, they become at once the vigilant

Govern-

ment.
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instruments of their own controul, and the vain-glorious

yet submissive dependants of the sovereign. Without a

suffrage in the enactment of laws, and deriving from the

constitution little power of restraint over the direction

of affairs, they are almost necessarily unconscious of any

principle of a pure and disinterested p:.triotism. The
envied distinction of the prince's approbation,—prefer,

ment, emoluments, honours, become the chief incitement

to their public exertions : and if thus they are not the

legitimate objects of moral approbation, they often

achieve deeds at once illustrious in themselves and be-

neficial to their country, as the proper means of ac-

quiring the royal distinctions to which they aspire.

—

The government which has been so lately annihilated in

France, as well as the raofe ancient monarchy, and se-

veral of the other governments of the continent of Eu-
rope, sufficiently illustrate and justify this description.

Fear, on the part of the peoj)le, is the dismal princi-

ple by which a Despotism must be maintained: nor

need any thing further be added to indicate that system

of sanguinary and incessant cruelty, which, on tlie part

of the prince, becomes necessary to uphold his unhal-

lowed empire.

These observations, as well on the primary forms of

government, as on the principles on which they chiefly

tiepend for their maintenance, are elementary, and
could not with propriety, in a work of this nature, be
passed over in silence. But, in contemplating the sub-
ject further, we are at a loss to detei'mine under what
particular aspect to regard it. When the various com-
binations of which these primary forms are susceptible,

both with one another, and with their respective prin-
- ciples, are considered ; the infinite varieties in the mo-
dification of tlie most simple as well as complex system
ofgovernment,—arising from a narrower or more extend-
ed territory,—from insular or continental, maritime or
inland situation,—a thinly scattered or crowded popu-
lation,—the religious ceremonies and dogmas of the
people, and the nature of their ecclesiastical establish-

ment,—the constantly progressive or retrograde state

of their morals, manners, and intellectual habits,

—

their warlike or peaceful, commercial or agricultural
genius,—the character of the political institutions of
the neighbouring states with which they have their

principal intercourse,—the accidents of talent or imbe-
cility, disinterested purpose or selfish emolument and
aggrandisement, which may influence alike the conduct
of tlie executive and legislative members of the govern-
ment,—and the innumerable other circumstances which
conspire to the same infinite variety of modification,

—

thought is bewildered in the complexity of the subject,
and finds all attempt at detail utterly overwhelming and
impracticable. To deduce, with any degree of exact-
ness, the particulars which truly and accurately cha-
racterize even die most celebrated governments of an-
cient or of modern times, would be an undertaking suf-
ficiently appalling from its magnitude, and sufficiently

hazardous from the obscurity in which the information
to be derived on such subjects seems inevitably to be
involved. Nay, to attempt a clear and satisfactory de-
lineation of our own government, on the nature of
which full and acciirate information might be supposed
to be the most accessible, would be bold, perhaps pre-
sumptuous. For how has it fluctuated, by a thousand
minute or more extensive gradations, throughout the
greater period of its history ! and though, since the days

of William III. it has acquired a more balanced mo-
tion, and assumed an infinitely more regular and ma-
jestic form, yet how great the diversity of parts of which
it is composed ! how varied, and often delicate, the ma-
chinery by which it is impelled ! and how numerous
the interfering considerations necessary for giving it a
safe and steady direction !

*

But amidst a speculation so complex and embarrass-

ing, some general views present themselves of a more
manageable nature, and of a universal and paramount
interest. Of these, an investigation of the rule by
which the legitimacy of all governments shall be tried,

which shall serve at once as the measure of lawful au-
thority on the part of the sovereign, and of obedience
on that of the people, seems the most important. It is

a subject unquestionably of some delicacy, but infinite-

ly less so than, in some countries, the mercenary parti-

zans of usurped power,—and, in others, the mistaken
and narrow-sighted zeal ot many sincere friends to or-

der,—would represent it; whilst the advantages to li-

berty of preserving it constantly in the public view, are

incalculable. Under arbitrary governments, such dis-

cussions (when, indeed, they can be avowed at all) are

justly alarming to the existing authorities ; but un-
der a constitution like that of Great Britain, they are

its worst enemies, and but little acquainted with its real

nature, who would regard the subject as dangerous.

In pursuing this inquiry, we will avoid, as much as

possible, the metaphysical abstractions of mere general

reasoning. We will endeavour, rather, to consider the

subject through the medium of some of the principal

events in the history of our own government; and with

these we will at the same time combine, (whilst we
shall take care to indicate sufficiently our own senti-

ments,) the opinions which the nation at large, as well

as some of the most distinguished individuals in it, have
from time to time entertained on a topic so interesting.

We shall thus, besides blending historical fact with the

less edifying deductions of bare general discussion, pre-

sent also the outlines, at least, ofthe political branch of

our literary history.

Except the close of the eighteenth century, no period-

in the British history appears to have been more pro-

ductive of political discussion than about the time of the

civil wars, in the reign of Charles I. Before that pe-

riod, political inquiry h,id made little progress among
the people. Opposite claims to the crown had di-

vided their efforts in favour of the different competitors,

and changes in the religious establishment had very

deeply engaged their attention ; but no question had
arisen calculated to lead the public mind, by an easy

and obvious connection, to an investigation of the ori-

ginal principles upon which all government is founded,

or to a comparison of one species of government with

another. The two Houses of Parliament were the only

place in which political discussion was at all to be

found ; and, even there, it had scarcely ever dared to

trespass the safe boundaries prescribed to it by the exe-

cutive authority. A few speculative and learned men
alone had indulged in inquiries of this nature To them
exclusively the fragments of political science which
the general ruins of antiquity presented, were accessi-

ble ; and, rlred with the seemly ideas which these had
excited, they were naturally led to emulate their own
conceptions of the superstructure. The performances,

however, which some of these men thus produced, were

* VVc could not with propriety, under this general artide, have introduced even tlie outlines of our own government, the theory of
which, the more it is studied cannot fail to be the more adniircd. The reader may consult tlie more appropriate reticle. Kngland, p. 25.
and, for still n:ore detailed information, Blacltst. Coram, b. i ; Montesq. De L'^sjint lies Loic, I. xi. c. ti. &c ; and De Lolme, Fot
•*er iDdi^iduil governments, n-e th«»r approiwiate articles, Spaeta, Home, Sic- 3
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either expressed in a language with which the people

were utterly luiacquuiuted or conceived in so subtle

and scholastic a n\anncr as was little fitted to engage
public attention.

Hut in proportion as the disputes between Charles

and his parliament drew to a crisis, in proportion were
the minds of tiu; people directed to a bolder range of

political discussion. At first, the limil.t of the prero-

gativc formed the only subject of inqidry. By degrees,

as the fortunes of (Charles darkene<l, ihe circiimslances

nhich connliluted a toint forfinluie of ihe thrnic began
to be exaniine<l. And at last, when the sovereign was
destroyed, and the peers votetl useless, the question

assumed the broadest form of which it was susceptible.

The inquiry now was into the best form of civil polity ;

and in this enquiry, the whole extent of political science

was developed to the people.

That all lawful authority was derived from them, and
was co-existent only with the just and impartial admi-
nistration of it, were considerations of no mean im-
portance, and accordingly received a share of the pub-
lic attention ; but the opportunity was now arrived

when the British people, freed from their ancient go-
vernment and all its deformities, might, 98 they con-

ceived, erect a new superstructure which, while it se-

cured their own and their descendants felicity, might
for ever serve as a model to the rest of mankind. On this

wider subject, therefore, every mind was occupied. All

other conversation was naturally without interest. Every
press was employed in furnishing the various publica-

tions which might inform the ignorant, convince the

doubting, or excite the enthusiastic. The blemishes of

the former government needed no exaggeration from
the pen of the political writer, to create a general ab-

horrence of every form of polity which bore any re-

semblance to it. The people themselves had too re-

cently felt its imperfections, even while its administra-

tion was yet unexasperated by opposition, and had smart-

ed too severely under the consequences it admitted
when its chief m.igistrate chose to be offended. The
most opposite form, therefore, was the most favourite.

Every publication, accordingly, consisted either of ar-

guments in support of a democracy, or detailed some
new and rival plan of government for the approbation

and choice of the people. Nor in this competition of

speculative politics, then deemed so glorious, do we
find such names only as are ever ready to serve the

purposes of ambition, or of avarice Warmed with

the love of ancient liberty, and proud to avow their

admiration of it, the fairest schemes of republican go-

vernment, and the strongest arguments in support of

it, which the minds of a Harrington and a Milton could

devise, or their energetic e!(K]uence recommend, afford

interesting specimens both of the manner in which the

public mind was then occupied, and of the ability em-
ployed in giving it a direction.

But these <lelusive prospects soon disappeared. The
hope of establishing a republican government became
daily fainter an<l fainter ; and with it, those schemes
which had been so eloquently detailed, and so fondly

contemplated, quickly fell into neglect. The views of
Cromwell, which had always been suspected by some,
now began to 1)6 under!>too<l by many ; and the vigor-

ous administration by which he confirmed his usurped
power, by and by convinced the people th.it they still

possessed a monarchy in every thing but the name.
The death of the Protector, and the incapacity of his

son, replunged the nation in all the miseries of anar-

chy. The partisans of the royal fimily were not slack

to improve the opportunity tliey <n much desired. By
their efforts, and the concurrence of a full tide of cir-

cumstances, the proscribetl monarch was received into

the bosom of the kingdom, without any limitation of
his authority, and with an ardour of popular affection,

proportionate to the interruption it had suffered, and
to the calamities and confusion to which the nation had
been exposed.

It was accordingly during the reign of Charles II,

that the public mind seems to have been disposed to

admit the exercise of the royal prerogative in as unli-

mited and dangerous an extent as had ever been pos-

sessed by any former monarch. Still smarting under
the desolating consequences of the civil wars, and still

remembering the odium with which they had regarded
the tyrannical, though energetic, administration of the

Protector, it is not surprising if the people began to

indulge the opinion, that an uncontrolled prerogative in

the crown was necessary to order anil good government.
The court does not seem to have been insfiiHible to

this favourable state of men's minds for pronx'ting its

views. The nation, it was easy to perceive, hadnowac«
quired a taste for political speculation which it would be

more practicable to lead in a safe or advantageous course,

than altogether to obstruct. And thougli the reign-

ing monarch had little reason to apprehend any imme-
diate opposition to his power, yet a theory in support

of it, would at once gratify the public mind, and might
lessen the chance of future resistance. There was now
no demand for plans of government. These had had
their day. They had fallen into neglect with all, and
contempt with many. Monarchy, the resumed, uncon-

trouled monarchy, was the idol ; and nothing was
wanting but a systematic detail of the justice and ra-

tionality of the principles upon which it rested.

About this time, accordingly, several writers appear-

ed who, either hired immediately by the court, or

impelled by general hopes of reward, endeavoured t«

perform so acceptable a service. Among these, the

most celebrated was Sir Robert Filmer. His book, en-

titled Patriarcha, seems to have been by far the most

daring and specious attempt to assign a legitimate and
rational origin to absolute monarchy. It Avas daring,

not so much because it was an express and avowed en-

deavour to establish that form of government in exclu-

sion of every other that had ever been set up in the

world, but to establish it upon the basis of a divine ap-

pointment ; and it was specious, because the mode of

argument, and the style of writing adoptetl, were such

as, in those times, were likely to make considerable

impression,—the former being chiefly, or altogether,

founded in texts of scripture, and the latter made up
of expressions sufficiently vague and unmeaning to

elude detection in an age when literature was yet but

little diffused, or accurately studied. If not the first

to assert the fus diviiium of kings, Filmer seems to have

been the first, at least, who ventured to account for its

origin, to develope its nature, and to establish it avow-

edly antl expressly, upon the basis of argument.

Aware of the futility of that sort of reasoning which^

while it founded the legitimacy of the sovereign power

in the general or providential arrangements of the Su-

preme Being, would at the same time have justified

every form of government, and even every species of

crime, (since these also fall out, or are permitted in the

general arrangements of Providence), Fihner had re-

course, if not to a more logical, at least to a more spe-

cious, mode of argument. Texts of scripture, he con-

ceived, could be found, in which might be traced the

legitimacy of modern kings to the appointment of God
himself at the creation of the world. If so, his object

was accomplisheti—infidelity in that age not having yet

dared to erect his unhallowed standard among the people.
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Filmer accordingly maintained that God, at the crea-

tion of Adam, endowed him with a right of fetherliood,

(as he termed it), absolute and unlimited; or, in other
words, with a right of arbitrary dominion over all his

offspring. Second, That he was endowed in like man-
ner with a right of absolute dominion over Eve : " Thy
desire shall be unto thy husband, and he shall rule over
thee:"—in which text he seriously assures us we have
very expressly, the original grant of monarchical go-
vernment. ThirdyThaX. the whole material globe, with ail

the brute creation, was his property bj' right of donation
from the same Almighty Being And, foiirlh, That these

rights, upon Adam's death, descended to his next heir

;

that thence they descended, in direct succession, to the

patriarchs; and from them, in similar succession, to mo-
dern kings. These principles he partly asserted, and
partly endeavoured to prove, sometimes by producing
garbled passages of scripture, and sometimes by giving
to other passages an unlimited, or, as it would seem, a
sophisticated meaning.

It would be frivolous to occupy much time in exa-

mining a theory so ridiculous. It could scarcely, one
would tliink, have drawn the attention of the Sidneys
and the Lockes to its refutation. Yet however easy
the task, it will not appear unworthy even of such men,
when we consider the bias of the times, and the im-
pression which Filmer's book appears to have made
upon the public mind. The philosopher and the pa-
triot felt alike indignant at the insult which had been
offered to their country ; and the employment of their

talents upon a subject so far beneath their powers, they
deemed a .sacrifice well due to public virtue.

As Filmer had found it expedient to have recourse
to the standard of public faith for the arguments by
which he had supported his system, so the writers to
whom we have just alluded, found it necessary to resort
to the same standard for the arguments by which they
were to overturn it. They denied that there was any
text of scriinure that asserted a riglit of absolute father-
hood, or unlimited paternal jurisdiction in Adam ; but,
on the contrary, maintained, that neither Adam, nor any
otlier man, ever had a right to any further paternal ju-
risdiction tlian was necessarj' for the protection, im-
provement, and welfare of his children, during those
years of minority wlien they were unable to protect,
improve, or provide tor themselves ; and that tliis pa-
ternal jurisdiction was more properly termed ;jtt;e»W,
since it implied duties that belonged equally to Eve,
anfl every other mother, as to Adam, and every other
father,—the nature of the duties requiring such com-
mon jurisdiction Second, The jurisdiction granted to
Adam over Eve, could not be understood to mean a po-
Zi.'jta/. jurisdiction, or the right of life and death; but
merely such a right of control as, in matters regarding
their common interest and-projx-rty, would enable the
husband, in the event of opposite opinions, to decide,
and so iirevent that endless contention which would
arise had no superior authority been conferred upon
either. T/iird, As the donation which God is said to
have given to Adam of the earth, with all the animals
upon It, is nowhere to be found in scripture, so, had it

given, it could not have been absolutely andbeen

exclusively, but only so far as his own use might re-

quire, it being absurd to suppose, that God would

give to one man an exclusive right to what, from its ex-
"

tent, was infinitely beyond his power ofenjoyment, and
would, at the same time, call other rational beings into

existence, who should be at this favoured person's mer-

cv for a foot of ground to stand upon, or a morsel of

food to support life. But fourth, Although Filmer had
succeeded in establishing these premises, it did not fol-

low tliat such absolute rights were to descend to his next

heir. If it did so follow, who was his next heir.? for God
has neither by scripture, nor by human reason, pointed

out a natural and invariable line of succession in the per-

son ofany individual. Granting however this also, it was
still incumbent on Filmer to shew, not only that the pa-

triarchs possessed this absolute authority, and that they

possessed it from Adam through this invariable line, but

that it has also come down from them to modern kings

through the same invariable line,—an attempt, which
only requires to be stated to evince its extravagance.

But still granting even this extravagance, there must
be only one legitimate monarch in the world, only one
king who reigns pire divino derived in this direct line

from Adam, and all the rest must be usurpers and in-

terlopers, against whom every honest man and sound
Christian should raise his arm, never to be pacified till

all the nations of the globe should be reduced to the ar-

biti-ary and exclusive dominion of this lineal descend-

ant, and true heir of Adam !

These writers having thus demonstrated the absurdi-

ty of this theoryjure divino of Sir Robert Filmer, they

conceived it necessary to substitute another, more friend-

ly to liberty, and more consistent with truth. They
proceeded, accordingly, to point out what they regarded

as the only foundation and just limits of legitimate go-

vernment ; and this, they maintained, was the consent

of the people*

I'hat the consevt of the people, they contended, is ne-

cessaiy to all legitimate government, seems not to admit

of argument ; for the very notion ofsucli a government
implies the notion of a contract between those that go-

vern and those that obey. By what other right, or upon
what other foundation, can any form of government
whicli is to be regarded as legitimate, that is, binding

upon the people to preserve and obey it, be either ori-

ginally established, or afterwards exercised ? Various

other foundations of legitimate government indeed, have

been pointed out and defended ; but all of them appear

to be sufficiently irrational. The doctrine of the right

of conquest, where such conquest has been occasioned

by the repeated and aggravated hostility of the party

conquered, is perhaps the least exceptionable. But be-

sides that the arbitrary form of government established

in consequence of conquest, involves the innocent with

the guilty, it is a punishment disproportionate to the

crime. The victor, in such a case, has no other right

than to indemnify himself sufficiently for the injury he

may have sustained, either by former provocations, or

the* actual war. He can only demand compensation for

the past, and securityfur the future. And this he may,
in most instances, sufficiently obtain, by making it a lo-

sing bargain to his enemies to ofler him injury. This

Gaf4|
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loss indeed, must be proportionate to the circumstances

of the case ; but no case can be (inured, where itou^ht

to amount to absolule authoriti/ on the part of the con-

queror ; that is, to slavcrif on tlie part of the people. A
lew captives taken in actual war may be reduced to that

unhappy state, where the law of retaliation, and only

where such law demands it ; but no national ofience

can infer the punishment of tiutinnal slavery. It is jjos-

sible to imagitie cases, wliere security for the future may
require the conquered to submit to the government of

the conqueror ; but such government cannot be leaili.

mate, unless it be as free as is compatible with that se-

curity.

It would seem, therefore, tlieyargued, that the doctrine

of the consent of the people, as forming the only founda-

tion for legitimate government, requires only to be suf-

ficiently explained, in order to be acknowledged.
This consent they conceived to be of two kinds.

First, that which is implied in consequence of certain

acts of the people ; and, second, that which is direct,

and cxpre.isli/ conventional.

First, The greater jmrt of the governments, as well

ancient as modern, to which the epithet of legitimate

can with any propriety be applied, have been of the

first description. They have all been originally con-

stituted, and afterwards exercised, in consequence of the
implied consent of the people ; an implication by no
means doubtful in its nature, or feeble in its convention-

al effects ; but, on the contrary, more generally, as well

as more powerfully binding, perhaps, than that consent
which is direct and express.

These governments have been the same in their ori-

gin, and similar in the first periods of their progress ;

but, for the most part, sufficiently varied in the subse-

quent and concluding eras of their history. At first,

the savage who roamed the desert, was at once the fa-

ther and supreme civil governor of his family. Conve-
nience, and the ties of blood, soon united a certain num-
ber of families into a tribe, village, or horde. The same
natural sentiment of confidence and respect, which had
impelled the children of a family to admit the father's

authority, impelled the several families of the same tribe

or village to admit, in time ofpeace, the authority of those

individuals amongst them who were most celebrated for

wisdom and experience; and, in time of war, of that

single individual who was most renowned for his mar-
tial skill and achievements. But as war among rude
nations (alas ! in more civilized periods also) ever occu-

pies much more of the public attention than peace, and
as, from its nature, tliere can be only one supreme leader

at a time, sufficient opportunity is then afforded him of
acquiring a greater share of public respect, antl of being
regarded as of greater national importance, than those

individuals in whose authority he is only a sharer in

time ofpeace. Hence the consideration which the leader

or king, in civilized as well as in rude periods, acquires

over the other individuals of the civil administration,

whether that consist of a senate, (as it comes afterwai-ds

to be termed,) a popular assembly, or both. This leader

or king, as well as the other members of tlie civil ad-
ministration, are not, in the earlier periods of the his-

tory of political government, expressly elected by the
concurring voice, by the majority, or by any other avow-
edly conventional act of the people. Their experience,

their wisdom, and their virtues—such virtues as men in

those ruder periods can imderstand and admire—invest

them with authority, and render them the natural ob-
jects of respect and obedience. The people soon per-
ceive the beneficial effects of submission, and, by a thou-
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sand different acts, testify their concurrence in a govern-

ment so naturally formed, and so advantageously admi-

nistered. As the king, or any of the other rulers, dies,

or from any other cause becomes unfit for discharging

the duties of his .station, another, of similar acc<.mpli8h-

ments, succeetis him by the ssme natural means, and
receives the same natural obedience. For obvious rea-

sons, the successor is commonly the immediate descend-

ant, or intimate friend, of the deceased, unless a striking

deficiency of capacity disqualify him. As the ideas,

liowever, of property extend and improve, and as other

alterations take place in the progress of society, men
come to acquiesce in that herfdilary succession to civil

authority for which kings and rulers now begin to

struggle. The people perceive its tendency to ex-

clude rival and tumultuary pretensions to power, and, in

tliis respect, soon actually experience its advantageous

consequences. Their original acquiescence is confirmed

by their voluntary obedience, and their acknowledgment
of the legitimacy both of the constitution, and of the

administration, of the government, is sufficiently decla-

red by their reiterated acts of co-operation, as well in

forming as in executing the laws, and in modifying,

when necessary, the form itself of the civil polity.

But this natural and just order of things is too often

interrupted and broken. Usurpation may cither occu«

py the place of those rulers, whether supreme or sub-

ordinate, whom alone the people acknowledge as lawful

;

or tyranny may characterise the conduct of those rulers

themselves. In both cases, the administration of go-

vernment, and, as an usual, or rather almost necessary

consequence, the form of government itself, have un-
deniably become illegitimate ; and the people, if they

can yet command sufficient force, or whenever they

choose to risk the attempt, may, with perfect justice,

endeavour to displace and punish the usurper and
tyrant. Should they neither command sufficient force,

nor choose to risk the attempt, the government of the

usurper may become legitimate, by the justice with which
it is afterwards administered, and by reiterated acts of

sufficiently implied consent on the part of the people

;

but that of the tyrant can never become so. He may
hold his people in a precarious subjection, if they choose

to remain in his territory, by the principle of fear ; but

none of his enactments, or of their involuntary compli-

ances, can ever render his authority legitimate, or de-

prive the people of the right to displace and punish
him when they can, and to substitute another governor,

as well as to appoint another form of government more
equitable and friendly to liberty.

Second, That consent of the people, they further

maintained, which is direct and expressly conventional,

although by no means of such frequent occurrence in

the history of civil government as the former species of

consent, is yet sufficiently frequent to prove its exist-

ence, and give an idea of its nature. Among rude

tribes, we find instances of general assemblies of the

people, met for the express purpose of electing their

rulers by a majority of suffrages. The great civil ma-
gistrates of several of the states of Greece, ami particu-

larly the archons and other civil officers of Athens, to-

gether with the consuls and most of the other magis-

trates of Home, were appointed periodically by the act

of the people. Most of the ancient colonies also, whe-
ther they originated from (Jreece, Rome, or Carthage,

were lef\ at liberty to establish such a form of civil poli-

ty, and to choose such rulers, as the colonists themselves

thought best; the respective mother countries claim-

ing no authority over them, but only soliciting from their

2x
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friendship, consanguinity, or bounty, assistance in times

of general difficulty and danger. The government esta-

blished by the United Provinces in the reign of Philip

III. of Spain, by America in 17S2, and, proud reflection !

by Great Britain herself in 1688, may be quoted as fur-

ther examples, in which this direct and expressly conven-

lioiuil consent of the people was exercised.

But as the theory of Filmer was fated to fall before

the opposition of Sidney and Locke, so the system which
tliese distinguished men had set up in its stead, was, in

its turn, exposed to an attack, which, if less efficacious,

proceeded notwithstanding from a quarter not less rr-

spectable. About the middle of the last century, Mr
Hume and some other writers undertook to shew, that

the doctrine of the consent of the people, as the only

basis of legitimate government, was altogether errone-

ous and visionary.

If it be meant, said they, that the contract, implied

or direct, between the sovereign and the people, is

the agreement by which men in a savage state form
the social union, and from which every communi-
ty is originally derived, we admit the accuracy of
the fact, but deny its obligation on men in the advanced
stages of society : Every government that has endured
for any period, has undergone the most entire changes
since its first establishment; nor can a consent or vo-

luntary acquiescence, which was given some centuries

ago, be binding under a totally different aspect of the
political arrangement.
Again, in those instances, they further observed, which

seem the most favourable to the doctrine of the consent
of the people, the real exercise of the right has been alto-

gether imperfect or illusory. In the most perfect and ex-

tensive republics of antiquity, not a tenth part of the peo-
ple voted either for the original establishments, or on
the enactment of any subsequent law ; and even at the

boasted Revolution of 1688 itself; the Prince of Orange
was brought over, and seated on the throne, by a mere
jimto of the English people. But, it was further said,

if, even in these instances, the principle has in fact no
place, how much less shall we find it realized in any of
the other governments, which either actually exist, or
which history has recorded ? In perhaps all of them,
it is not difficult to trace the sovereign authority to
conquest, usurpation, donation by testament, or some
other mode of fraud or violence. Hereditary descent
prevails the most generally

; yet it would be bold to
affirm that none of these governments were lawful, or
that the people were never sensible of any obligation to
submit to their authority. In fine, " though an appeal,"
says Mr Hume, in the concluding part of his Essay on
the Original Contract, " though an appeal to general
opinion may justly, in the speculative sciences ofmeta-
physics, natural philosophy, or astronomy, be deemed
unfair and inconclusive, yet in all questions with regard
to morals, as well as criticism, there is really no other
standard by which any controversy can ever be decided;
and nothing is a clearer proof that a theoi-y of this
kind is erroneous, than to find that it leads to paradoxes
repugnant to the common sentiments of mankind, and
to the practice and opinion of all nations and all ages.
The doctrine which founds all lawful government on
an original contract, or consent of the people, is plainly
of this kind ; nor has the most noted of its partizans, in
prosecution of it, scrupled to affirm, that absolute mo.
narchy is inconsistent with civil society, and so can be
no form of civil governvient at all, and that the su.

preme power in a stale, cannot lakefrom any man hy la.tes

and impositions any part of hin property, ivilhout nisouu

consent, or that of his representatives.* What authority,"

continues Mr Hume, " any moral reasoning can have

whicli leads into opinions so wide of the general prac-

tice of mankind in every place but this single king-

dom, it is easy to determine."

In the remarks which we have already made, when
detailing what we conceive to be thejust and fair state

of the doctrine of the consent of the people, we have
already, perhaps, anticipated the proper answer to some
of these objections. We shall, therefore, only very

briefly take further notice of them.

1

.

It would be improper to say, that so candid a mind
as Mr Hume's is represented to have been, has in-

tentionally sophisticated the doctrines of Locke, or

that so great a philosopher was not always eager to dis-

cover truth, whether it agreed with his own political

opinions or not. Yet we cannot but think, that the

careful peruser of Mr Locke's book, can have no diffi-

culty in reconciling the passage in question to the " ge-

neral practice of mankind." For it is most obvious, as

well from the whole scope of the work, as from the un-
deniable and notorious nature of the facts themselves,

that Mr Locke could never mean to deny the actual

existence of absolute monarchy in the world, or that the

supreme power in a state did not often actually lake

part of a man's property without his own consent, or

that of his representatives. It is plain that he only

meant to affirm, that absolute monarchy was inconsist-

ent with such a state of society, as, from its internal

security, and the innumerable advantages thence ari-

sing, might with propriety be termed civil ; and that

the supreme power in a state could not lawfully take

any part of a man's property without his own consent,'

or that of his representatives. Indeed, tiie opposers of

this doctrine seem always to have taken it for granted,

that its advocates maintained its applicability to all the

different governments which have ever actually appear-

ed in the world. Neither was Locke nor Sidney so

little conversant with the history of mankind, as not

to know the various sources of fraud and violence from
which political establishments had, in point offact, too

often proceeded. All that they meant to affirm was, that

no government could be regarded as lawful, that is, exer-

cising its functions upon any obligatory principle, where
the unequivocal, though it might be tacit, consent of the

people actually existing under it, was not interposed.

2. It is true, that in none of the instances in which
the consent of the people was most directly exercised,

did it arise from tlie universal suffrage, or even, per-

haps, from a fair and totally unbiassed majority of the

people. It is sufficient if this conventional consent was
given in as perfect a manner, or as nearly so, as the na-

ture and structure of human society will admit. An
abstractedly perfect expression of the popular consent is

impossible. Nor can they be accused of supporting an U-

lusory principle, who would rest the legitimacy ofgovern-

ment upon that consent of tlie people which is express-

ed by such a majority as, from the very nature of socie-

ty, it is reasonable to expect, or practicable to obtain.

3. M'e grant that it is impossible, in every instance,

to ascertain the precise period when this consent of the
people may be considered as fully and unequivocally
expressed, or to distinguish between that apparent con-
sent which a tyrant or usurper may exact, and that

which is voluntary, and free. But the principle is not,

therefore, the less real. Pirates, or banditti, may seize

•• Locke OB Gov«iiun«ot, chap, vii «ect. 00."
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a man's person, and carry him into captivity. In that

situation he may find it his interest to serve his nias-

' ters with alacrity and zeal. Yet nobody wouUl thence

infer, that the authority exercised o\er him was law-

M, or that the assent which he jrave to it was vo-

hmtary and free. None will deny, that those unha])j)y

men who, in different parts of tlie world, exist in a state

of slavery, have a rifjht to revolt whenever tiiey can ;

yet, from the circumstances of their birth, and the man-
ner in which they have been brouglit up, this right is

but imperfectly understoo<l by many of them, and per-

haps, for the most part, not recognised at all. But that

it belongs to them, is not the less certain. The case is

the same in reality, though not in degree, with any
people whose government exists otlierwise tlian by
their consent alone. The neutral observer may be

inicertain, whether or not they are a free people, and
they may themselves have employed little thought

upon the matter; but tliat the right, notwithstand-

ing, to adapt the government to their own views of

national fehcity, is inherent in tliem, seems unques-

tionable.—Again, though it be impossible, in most in-

stances, precisely to fix the period when the national

consent may Jirsl be regarded as fully and unequi-

vocally expressed in favour of the government, yet,

when it is once actually interposed, little doubt of its

reality can exist. It may safely be affirmed, that the

government of the American States is free ; that is,

thai the people are sensible that it is co-cxistent only

with their consent, and th.it the obligatory nature of its

acts proceeds from the same source. The like, for a simi-

lar reason,maybe confidentlyaffirmed ofourown govern-

ment. That the governments of Spain and Turkey are

not free, may as safely be affirmed, since it is impossible

that this consciousness of consent can, in these instances,

exist on the part of the people. We may add, that it is

precisely for this reason that these governments seem
ready to receive any new form, and that so many of the

governments of Eurojie lately expired without one po-

pular effort to save them.

Tt will not, we apprehend, be alleged, that, after all,

this principle of the consent of the people is of little

influence in the actual conduct of nations, and that

men, for the most part, submit to their resjiective go-

vernments, and regard them as lawful, from habit, pre-

judice, or education. It would be difficult, we readily

a<lmit, to estimate, with any precision, the effects which
the principle has produced, either in ancient or modern
times. But from what source, we would inquire, did all

•the energy of the Greek and Koman character, in the

best days of these states, proceed ? Whence was each

individual conscious of a degree of political importance

of which most modern nations seem to have little con-

cej.tion? It obviously arose from the conviction with
which every man was impressed, that not only each
act, but the very existence of the government, depended,
in s ime measure, upon Iris individual concurrence. It

was this conviction that made him proud of his coun-
try : it was the principle that incited him to every ef-

fort for her prosperity, or exposed him to every danger
for her glory. Nor in modern timej has the princi|)le

been altogether iiK-flicient. Tlie policy, indeed, has

prevailed ot distoimtcnancing it as much as possi-

ble; and as :nost of the feudal governments of Europe
krose in utter violation of it, so their subsequent aim
has been to supjness it as seditious and criminal. Yet
it is to this sentiment chiefly, as the unfailing and co-

pious fountain of all her exertions, that our own coun- Covera-

tr\' has HO long owed, and still so eminently maintains, mem.

her splendid distinction among nations. The latter pe- ^"^^f^^
riods also of the hi.story of .America an<l of Europe aflord

eventful instances of its more general ditt'usion, and
seem yet to supiKiit the hope of its further progreaa.

It does not appear idle, therefore, to speculate upon this

f)riiiciple. Let us, besides the exam|)le of our own po-
itical institutions,—of which when it ceases to be the

actuating spirit, they will cease to Ije worth preserving,—
expressly divulge its nature and effects. Let us impress it

on the general mind. We shall thereby create a perpe-
tually living motive to liberal action, which, in pro-

portion as it is diffused, will control despotism, and
extend the triumphs of liberty.*

But as those philosophers who overturnetl the system
of Filmer erected another in its place, did Mr Hume
and his followers offer, in their turn, a substitute f<M-

that which they had opposed ? We think not. In com-
paring the History of that great writer with his Politi-

cal Essays, it is not easy, we believe, to discover any
distinct and consistent principle by which he would try

the lawfulness of any form of civil govei'nment. At
one time, he would seem to have regarded as legitimate

every government which was once established, and, /ro»i

whatever motive, acquiesced in by the people ; a doctrine

which appears to lead, without any circuit, to the en-
couragement of usur])ation, and the exercise of tyranny.

At another time, he appears to have reposed in the very
principle he had been combating. " The observation,"

says he, " of our general and obvious interests, is the

source of all allegiance, and of that moral obligation

which we attribute to it. What necessity, therefore,

he continues, " to found the duty of allegiance or obe-
dience to magistrates, on that of fidelity, or a regard

to promises ; and to suppose, that it is the consent of
each individual which subjects him to government, when
it appears that both allegiance andJidvlily stand precise-

ly on the same foundation, and are both submitted to

on account of the apparent interests and necessities of

human society." The interests which are here meant,
must be those advantages w hich appear to the mind of
the people as well worthy of preservation ; and, con-

sequenth', their adlierence and consent to the govern-
ment from which these advantages proceeil, or by which
they are protected, is iniplie<l ; since, were tliey to

withdraw this consent, the government would become
.precarious, or actually perish, and with it, consequent-
ly, those interests for whose sake alone they had for-

merly supported it. The question, therefore, in this

case, seems to resolve itself into the mere propriety of
the appellation by which the principle has been distin-

guished ;—a point of too little importance to merit con-
sideration. Call it the consent of the people, or a sense

ofiheir own inieresls, it is of no consequence, provided
they be made sufficiently sensible that there can be no le-

gitimategovernment that is not established tor their good,

and co-cxistent only with their opinion that it is so.

The philosophical scepticism in which Mr Hume in-

dulged, necessarily arose, perhaps, from the very n»'
ture of several of the subjects upon which he employed
his exquisite powers

; yet we need not extend tiie re»

m.irk to the principle we liave been considering. It

would seem to lie too near the surface, to elude a pe-
netration much feebler than that of Mr Hume. In

fact, at the time that philosopher wrote, f a coalition of
parties was the wish ofevery good man in the cotumu*

* Any endeavour Ui fix jtrotjxQtively (he exact ainount of disorder in the constitution, or actual administration, of a government, which
wnnld warrant a rcpunci.ition of the national allrgiunce, would be sufficiently absurd, nor is here contemplated. All we mean is, an lui-

ceasinu rococnilion of lie princ'h Ir.

f The first part of Mr hiuuc's J'olitical Eetays was published in lUi, and tlie second in 1732.
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nity. The friends of the exiled family were still nu-

merous in the nation. A junto favourable to their in-

terests had recently been discovered in the cabinet itself;

and arebellion, countenanced andsupported by the power

of France, had actually broken out for the purpose of

restoring them to the throne. It is not therefore to be

wondered, if such men as Mr Hume, who might be

supposed capable of influencing, in some measure, the

public mind, should endeavour, if not by reconciling,

at least mitigating, the principles by which the oppo-

site parties were actuated, to moderate their passions,

and encourage unanimity.—Philosophy may sometimes
preserve silence in the cause of truth ; but can she,

consistently with her obligations to the moral inte-

rests of mankind, ever actually raise her voice in oppo-
sition to her real sentiments ? Can she ever delight to

sacrifice the sternness of her dictates, even on the altar

of public peace .'' (j. b.)

GOUT. See Medicine.
GOZO. See Malta.
GRACCHUS. See Rome.
GRACE. See Theology.
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(jRADUATioN is the name given to the most delicate,

difficult, and important branch of mathematical instru-

ment making : it gives to the instrument the means of

ascertaining the dimensions of objects, or their distance

from each other, according to its nature, whether li-

near or angular measure is required.

The substance of this article was intended to have

been placed under the equally appropriate title of Di-

viding, and was partly written with that intention.

Our having indiscriminately used both these terms, is

owing not only to this circumstance, but also because

the latter is exclusively used by the workmen.
We believe that in every country in Europe, clock-

making was the earlier art, and that clock-makers were

the first who fabricated mathematical instruments. But
as the excellence of the time-piece depends not at all

upon the accuracy of the division of its dial-plate, we
may suppose that instruments, the perfection of which
rests principally upon the correctness of division, came
from their hancls in a very rude state.

As clocks, however, must at first have raised clock-

makers out of brnsiei"s, smiths, or other workers in me-
tal nearest allied to the nature of the work ; so instru-

ments must have made instrument-makers, and for this

purpose the clock-maker was more than half formed.

One would think, indeed, that makers of compasses,

dials, rules, astrolabes, &c. from the great usefulness of
these instruments, must have existed prior to clock-ma-

kers, and of course the graduation of them ; but how-
ever that might be, if there was about the middle of the

1 7th century any such distinct trade in this country,

those who practised it were little thought of by men of
science ; for the instruments inventetl by Hook were
made by Tompion ; and both Tompion and Graham in

succession made instruments for the royal observatory.

It was the opinion of the late Mr Smeaton, that Mr
Abram Sharp, the assistant of Flamstead, was the first

who cut accurate divisions upon astronomical instru-

ments: behaving, about the year 1689, constructed

and graduated for the royal observatory, a mural sex-

tant of 6^ feet radius, which in the hands of Flamstead
rendered essential service to astronomy. Whether Mr
Sharp was bred up to any mechanical business, or whe-
ther the whole was the effort of his own genius, is now
unknown.
There were, however, instrument-makers in the early

part ofthe 18th century, who, in the art ofdividing, might
at least have equalled those celebrated clock and watch-
makers, whose names have been mentioned. Some of
the works of Rowley are still extant, and bear such evi-

dent proofs of neatness and accuracy, that many a
workman of the present day might be proud to own
them. The elder Sisson, contemporary with, or a little

later than Rowley, like him, constructed and graduated
large instruments with success ; but neither the manner

of performing the work of graduation, when beyond the
limits of their dividing-plates, nor the method pursued
by Sharp, has been recorded. It was in the workshop
of Sisson, that the eight feet mural quadrant, several

large zenith sectors, &c. of CJraham, were executed.
That the latter should be employed in the construction
of them, rather than any one who was exclusively an
instrument-maker, was owing, no doubt, to his superior
abilities as a general mechanician, his knowledge in as-

tronomy, and his proficiency in making observations, as

well as to his sound judgment, and nice execution of the
most essential parts of whatever he undertook to con-
struct.

About the year 1727, the late Mr Bird, then a rustic

lad of Bishop Aukland, observing the unequal divisions

and coarse-engraving of a clock dial-plate, determined
upon doing one Iiimself. The success of this attempt
was the first step that led to the developement of powers,
which, during a long life, proved beneficial to science,

and rendered his name an lionour to his country. It

was from the elder Sisson, to whom he served a short

apprenticeship, and his acquaintance with Graham, that

Bird learned every thing that was not derived from his

own resources. Bird and the younger Sisson were con-
temporaries and rivals for fame, were both men of consi-
derable abilities and application. But the superior inge-
nuity of the latter lost its effect with the best informetl,

when brought into competition with the accurate exe-
cution and sound judgment of the former.

Mr Ramsden followed the next in time ; and perhaps
gained greater credit in his line of business, than any
preceding artist. The dividing-engine, which he in-

vented, by rendering small instruments almost as accu-
rate as large ones had been before, will shed lasting and
well-merited honour upon his name. In his larger

works, however, he was not so happy, although they
were graduated better than any previous to his day.

Too vain of invention, he despised the patterns left by
his predecessors, and gave to his works complex and
unsteady forms.

The late Mr John Troughton, about twelve years
younger than Ramsden, was equal, if not superior, to

him in the graduation of instruments. But his chief

works, performed in his own attic, were destined to

shed honour upon the names of the first mathematical
instrument sellers in London ; and by the time his

merit became known to the public, his younger brother
had taken the lead. But we must close these short bio-

graphical sketches with the labours of the dead.
We are aware that these desultory remarks will ill

supply the place of a regular history of the art; a thing
which we cannot attempt, and which is perhajjs impos-
sible. To describe things as they are, and to give the
methods as hitherto practised by eminent men, will

certainly be more useful : and in doing this, aa often as
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they have written ujioii the subject, their difTerent modes
of priictice sliall be given in their own words.

Of those numerous contrivances, which Jiave neither

injjenuity of conception, nor have been found useful in

their «lay, we shall say nothing ; for it would be idle to

obstruct their natural passage to oblivion.

For the sake of perspicuity, we shall divide this arti-

Utabject. cle into three Sections, containing, \. Common gradua-

tion, 2. Engine graduation, and 3. Original graduation.
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Sect. I. Common Graduation.

In this Section of our article will be shewn the me-
ihotl of taking copies from a pattern, which has already

been laid down originally ; or, as indeed is now gene-

rally practised, taking copies from a copy. This part

also includes original dividing, in cases where the usual

patterns do not apply, and where the utmost degree of

accuracy is not required.

It will here be necessary to describe the apparatus or

tools used by the person who divides in common. And
first the dividing-plate must be noticed. Its dimension

varies from 14 to 30 inches in diameter. It is either an
entire plate, or a broad rim, connected with the centre

by four or more radii, and rendered inflexible by circu-

lar rings, or edge bars underneath. The extreme bor-

der is divided into degrees and quarters; and just with-

in this another circle, into degrees and third parts.

Within are usually put such numbers as are required

for the dial of the perambulator ; Gunter's line of num-
bers arranged in a circle, and other logarithmic lines,

are sometimes inserted. There are also often to be found
tangents in hundredth parts of the radius, and the dif-

ference of the hypothenuse and base, as applied to the

theotlolite ; also the equation of time for dialling ; the

points of the compass, &c.

There is always in the centre of the plate a circular

hole, which should be truly perpendicular to the sur-

face. Into this is nicely fitted a pin or arbor, which
also fits the centre hole in the circle or arc to be divi-

ded ; and while the operation is carried on, is the

principal connexion between them. Fig. 1. Plate

CCLXXVIII. shews the dividing plate, and its con-
nection with a compass ring ; also a pair of holdfasts

for keeping the work from turning round. One of

these fastenings would be sufficient, were it not neces-

sary to remove one of them, when its position obstructs

the work. An index of tempered steel, usually made
of a saw blade, has one of its edges made very straight :

At one end a plate of brass, as at A, is rivetted fast to

this index, having at its extremity a right angular notch,

reaching a little be3'ond the blade : the angular point

should be exactly in a line with the edge of the index.

This notch receiving the arbor of the plate, will always
direct its edge to the centre. The length of the index
should be equal to the radius of the plate. To the ex-

terior end, and below it, is fixed a secondary index B,
reaching as far inwards as the original lines of the plate

extend, which also must have its edge directed to the
centre ; but it need not be exactly in the line of the
other, and will be better seen if it is placed a little to

the right. The figure shews this, and also an arrange-
ment of nuts and screws, by which the distance of the

two parts is to be adjusted, according to the thickness

of the work, so that the secondary one may be flat upon
the plate. The generality of dividers, instead of this

contrivance, bend the index to suit the different planes
of the work and plate; but this is a very bungling me-
thod ; indeed, when the borders of instruments are re-

quired to be divided on feather edges, as is the case with
protractors, bending is necessary : a very flexible index

4

should, in such cases be employed, in order that the
pressure of the hand may brmg it in contact witli the (•'•*«•«••"•

mclining plane. But «vcn here a secondary index
''"^''""~

might be employed to advantage, having its position
adjustable to the plane which is to receive the divisionx.

The dividing-knife must next be described. This The dirwl-

little implement is representee!, in full size, by Fig. 2. 'ng-l"''fe-

It consists of a blade and handle ; the former sliould be ''* *'

made of the very best steel, and the latter of beech-
wood. The cutting edge should be exactly of the same
thickness that the divisions are intended to be ; it should
be quite straight, and in a line with the handle. This
edge must not be sharp like that of a common knife, but
rounding, so as to present to the surface to be divided
a small semicircle, whose radius is equal to half the
breadth of the line it is to make. At the back the
blade should be about a fifteenth ofan inch in thickness.

The left side, which is the front and downwards in the
figiirc, should be ground flat ; but the opposite side

must be chamfered in a faint curve from back to edge.
The extreme end of the blade makes with the line of
the edge, an angle of about 70°. A small chamfer on
tlie side to the right, broad at the back, but vanishing
at the edge, reduces the end to an equal thickpess. A
semicircular recess is made in tlie edge of the blade,
near the handle, which affords a relief when the tool is

sharpened, and is farther useful by receiving the inner
side of the end of the middle finger. For the accom-
modation of this finger also, a part of the ferrule of the
handle is cut away, as represented in the Figure. There
is a convenience in the back of the blade being formed
into a curve so as to make it narrow at the point, for

without diminishing its strength, it enables the operator
to see his work better. Such is the form of the dividing
knife, an important tool in every branch of the art, as

in the hands of tlie best workmen it has continued un-
altered since the time of Bird. Had we, indeed, been
inclined to describe it as found in the workshop of an
ordinary divider of the present time, we should only
have had occasion to say, that it exactly resembles tlie

butcher's cleaver ; and, perhaps, we might add, is com-
monly directed with about equal science.

The action of the dividing knife is directly the re- Mode of

verse of the graver ; the latter being pushed outwards, urinp the

cuts away a fibre in the line of its course, leaving the ^^fUng-

rest of the surface of the metal undisturbed ; but the '
*"

former is drawn inwards, and without producing chips,

ploughs a furrow, and the metal displaced rises in a
bur on each side. The knife is held very much like a
pen, only the handle must be quite home between the
thumb and fore-finger, which being placed upon the
ferrule, directly over the back, is, by its pressure, the
chief agent in giving depth to the divisions, the thumb
and middle finger acting as supporters, while the other
two fingers, as in writing, prop the hand. The knife

is held at an angle of about 46" with the plane to be
divided, and is used with the flat side in contact with
the index before described. If it has an inclination of
its own to deviate either to the right or left, it is not
in a condition fit to be used ; for in the former case it

would require too hard a pressure of the hand to keep
it in contact with the index, and in the latter would un-
dermine it, and in either case it would make crooked
lines. It is therefore necessary to try it in this respect,

before the commencement of dividing. If, on drawing
a line without an index, it deviates to the right, tlien is

the vertex of the semicircular edge too near that side ;

but when tliat vertex is too near the left, the knife will

deviate the contrary way. The use of the small cham-
fer before described is to make the two sides of the

knife exactly similar at the point ; were it not for this
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Comir.on contrivance, the bur would not rife equally on both

Graduation, sides, and the strokes, where they meet the bounding

'"'V— lines, would have an appearance of crookedness.

Preparatory to making the divisions, the circular lines

must be drawn for limiting the length of the strokes :

these are made with the well known apparatus called a

btam-compass ; but it is only necessary to trace the

lines with it. They are to be made of sufficient breadtli

and depth by the dividing-knife, which, when sharpen-

ed as above directed ; and guided by the hand alone,

will aptly follow the slightest mark.

The bur is generally taken oft" the lines with a tool

called a scraper, and then cleared with the knife. After

this the surface is rubbed with charcoal (that from the

willow is best) and water, which leaves the surface

smooth, without producing a gloss that would be un-

pleasant to tlie eye

Having been thus minute in the description of the

tools, that of their ajjplication will be short indeed.

A compjiss ring, for instance, as before mentioned, is

dividing cir-' attached to the dividing plate, for the purpose of being
cles, graduated ; its zero, or N, being placed so, that the in-

dex, when set to it, may agree also with the zero of the

plate. In this position of things, the operator must

drop the point of the dividing knife into the line on the

plate, and, pressing the index to prevent its moving,

cut the corresponding stroke upon the ring. He must

be careful to hold the knife steady, and in exactly the

same position, while he sets and cuts. His eye must
be directed to the left side of the knife, in order that

he may see that he holds it in contact with, and parallel

to, the edge of the index. The index is now drawn
forwards something more than the value of a division,

and the knife being fixed in a second line, it is then

pushed back into contact with it, and a second stroke

cut as before ; thus proceeding from right to left until

tlie circle is completed. In dividing upon metals, this

work is laborious for the hands, which will require fre-

quent intervals of rest : during these the divider should

examine his work v.'ith a magnifying glass. In cases

where the hand has not power to cut tlie strokes deep
enough at once, whicli does not unfrequently happen,

instead of cutting twice, the operator will proceed with
more ease and expedition, if he goes round by single

cutting, and afterwards completes his work ; for, in

the latter part, he will not have occasion for either the

dividing plate, or the index ; the knife, if well set, will

follow the former strokes with accuracy and neatness.

The bur must be worn off' the divisions by rubbing the

surface with charcoal and water, as was before done
with the circular lines ; but the scraper must not be
•employed.

Common dividing, as it applies to straight lines, is so

similar to circular dividing, that little need be said

about it. Figs. 3. and 4. represent the necessary appa-
ratus ; the dividing knife is common to both. AA is

the pattern, and B is a scale to be divided into inches
cc i.xxviii and tenths : CCC repi-esents what is called the dividing
Fig. 3. & 4. square. This tool consists of a thin tempered piece of

steel, extending, in tlie line of the pattern, about six

inches, and at right angles somewhat more, and a stock
about two-tenths of an inch shorter and narrower than
the parallel part. This latter is formed of two pieces of
bi-ass ; one above the steel, and the other below it, to
which they are securely rivetted. The stock and blade
are even with each other at the outside and left end ;

the projecting part of the steel, in the line of the pat-
tern, lies upon the latter, preventing the square from
tilting, and that at the end places the stock out of the
way when the edge of tlie blade requires to be repaired.

As it is, in some cases, necessary that the square shoukl

Method of

dividing

straight

Lncs.

P1..4TE

be used when placed upon the farther side of the work,

the two parts of the stock shauld both be accurately vX

right angles to the blade ; the best way to secure which
property is this :—After having made the holes which
are to receive the rivets, remove the steel, and pin the

two branches of the stock together; then, with the

plane, make the inner edgei straight and even with
each other. In order to prove that the blade is at right

angles with the stock, take a broad scale of brass, having
its edges truly straight and parallel, a thing by no
means difficult to procure, and, first applying the

square to one edge, ch'aw a line aci-oss the scale with
the dividing knife, and then, applying it to the other

edge of the scale, with the same side uppermost, draw
another line extremely near the former. If the parts

are right, it is evident the two lines will he parallel to

each other ; but if they are inclined, half their inclina-

tion is the error of the tool, which must be altered by
grinding the edge of the steel blade. It is almost un-
necessary to observe, that the use of the square, in pa-

rallel dividing, is precisely the same as that of the in-

dex m angular dividing.

We omitted to describe the beam-compass, for tracing

the circular lines which limit the length of divisions, on
accoimt of that apparatus being well known ; for the

opposite reason, we now proceed to give a description

ofthe^a»g-e, (See Fig. 4.) an implement which per-

forms the same office in tracing parallel lines. It con-

sists of a brass beam A, about six or eight inches long

;

a socket B, o( the same material, with a steel front to

the left, which, sliding along the beam, may be set fast

on any part of it by the finger screw S on the upper
side, and a tracer of tempered steel fixed to the end of

the beam by a wedge and screw. The tracer has its

point of action brought close to the inner edge, in or-

der that it may draw a line extremely near to the edge
of the scale; its great length, as shewn in tlie Figure,

being in no respect incommodious, is designed for the

purpose that it should be lasting. I'he steel front of

the socket extends in the line of its action about two
inches, which enables the operator to keep the beam
without deviation at right angles to the edge of the

scale ; and there is a projecting part in the front, of the

same length, which, bearing upon the surface, keeps

the tracer perpendicular ; this is discontinued in the

middle, for the purpose of admitting the tracer to be

brought into contact with the front. The tracing

))oint should be so adjusted as to be a very small quan-

tity below the projecting part. The end of the socket

to the right is on every side chamfered to a thin edge,

and the beam h,-cs divided upon its different sides many
lines, suited to the most common work, such as draw-

ing the parallel lines of diagonal scales, &c. By drop-

ping tlie dividing knife into these, pushing up the soc-

ket into contact with it, and there fastening it, the ope-

rator places the steel front and the tracer at the proper

distance for the performance of his work. In cases of

less frequent occurrence, he clamps the socket by trial,

so as to make the tracer pass through points previously

laid down with the spring-dividers, a tool to be de-

scribed presently.

The process of dividing from straight line patterns

being exactly similar to that from the dividing plate, it

must be quite unnecessary to repeat it. We may, how-
ever, observe, that in the former the errors go undimi-
nished to the work, while those of the dividing plate

are contracted in the ratio of the radius of the plate

and work. Clockmakers pursue the contrary process

;

they fix a small dividing plate upon the centre of their

dials, and transfer the divisions outwards. It is not,

however, now uncommon for them, in their very best
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work, to send the dial plates to the instrument maker

to be divided.

In strniglit line dividinpf, the operator has frequent

occasion to divide lines to which none of his patterns

will api)lv ; but tliere is an expedient that he ought

not to be' unacquainted with, which will enable him, to

a certain extent, to overcome this difticnk}'. Suppose

he were required to set off French inches; that he

knows the proportion they bear to Enjflish inches,

which are snorter ; and that he has marked off upon

the scale to l>e divided, accordinjf to this proportion,

the total lenjith of French inches required : he may di-

vide it from his F'nglisli inch pattern. In tliis case his

work must be placed at an angle with his pattern.

The proper inclination is readily found by trial ; and

as tiie square must run along the pattern, its blade will

not be at right angles with his work. On this account

Jie will have to perform two distinct operations. In

the first he is to go througii his work, only making

slight notches in the hypothenusal, or inclined line, with

the dividing knife ; in the second, with the stjuare ap-

plied to the edge of the instrument which is to receive

the divisions, he must, by seeing and feeling tliose

notches, cut the corresponding perpendicular strokes.

Suppose, again, that Spanish inches were to be divi-

detl from the same pattern : Tliese are shorter than

English inches, and will require but one operation. In

this case the square must be applied to the work, and

the parts taken from the inclined pattern. We might

here annex the rule for finding the angle of inclination,

accortling to the proportion between the pattern and

work to l)e divided, but we do not see its use. Those
who handle the dividing-knife, especially in tliis de-

partment of the art, are seldom verged in computation
;

and as the lines upon tlie pattern, as well as those upon
the work to be dividetl, are often remote from the edge,

tlie angular point would seldom be found upon either,

and would often fall beyond the limits of the room in

which the work is to be performed. We have already

said, that cutting divisions upon metal is laborious to

the hand ; but in ivory and wood it is not so; for in

either of these a divider will keep pace with a dexte-

rous seamstress, a division for a stitch, for any length of

time. The common carpenter's rule is divided in this

manner, and, small as is the price of the finished in-

strument, the dividing bears but a small proportion to

it. As a farther proof of the celerity with which this

kind of work is performed, it may be mentioned, that

the writer of tliis part of our article being once in want
of a good piece of boxwood, exactly similar to tliat of

the common Gunter, but without slider or divisions,

the artist who provided it charged sixpence more than

he would have done for the finished instrument ; and,

upon being asked the reason, gave a good one : " the

little order had put him out of his common track."

When bo.\, or any other kind of wood, is divided

upon, the bur is first well rubbed off the divisions, and
then the whole surface brought to a polish with a dry
rush ; the surface is next burnished by rubbing it

hard botli ways, in tlie direction of the grain of the

wood, with a clean piece of old hat, which produces an
agreeable gloss ; and, lastly, to blacken the divisions, a

mixture of powdered charcoal and linseed oil being laid

on quickly, rubbed hard and cleared away, finishes the

process. In ivory, the divisions are, in the first place,

filled with a composition of lamp-black and hard tal-

low, or, which is rather better, of bees-wax and olive

oil : when this is hard rubbed into the strokes, the
whole surface sliould be well rushed, and then polished

with chalk and water laid upon a linen rag. It has al-

ready been said, that the bur of dividing on metal

sliould be taken off with charcoal and water ; bat in Cnmmm
brass, the surface will have a much better appearance ^'•«<>'"t'on

if the finishing stroke is given with wet blue-stone, "^'Y"'"^

which is a very sofl slate, or the same substance that
slate pencils are made of. Divided golfl and silver,

however, look best when they receive their finish from
the charcoal. The divided surface of all the metals is

improved in appearance by being rubbed with the
hand, after a little oil has been applied. No other black-
ing is required.

In dividing diagonal scales, the beginnings and Diruionof
endings of the inclining lines are marked off with the diagoma

dividing-knife from a pattern of equal parts, and after-
''""

wards those lines are traced by means of a straight
edge, similar to the blade of the square. The knife
being dropped into one of the mark.*, the ruler is

brought into contact with it, and very nearly up to the
other mark ; the thumb of the left hand is placed ex-
actly over the ruler at the former, and the l>nife being
dropped into the latter, the ruler is brought into con-
tact with it, being turned under the thumb as on a
centre. Instead of drawing the diagonal lines by hand,
some use the bevel ; and as by this the whole is done
at once from the pattern, it would seem to be the more
methodical way, but it requires a very nice adjust-

ment to make the bevel agree with the square which
had been previously used to draw the perpendicular
lines. But which ever method is used, to do it with
sufficient exactness is one of the most difficult opera-
tions of this department of the art.

In tlie sector, and every other instrument, where the
lines, which bound the length of the dividing strokes,

are not parallel to the edge, so as to be traced with the
gauge, the straight-edge and dividing-knife are used :

Tiie beginning and ending of the lines are set off in

their proper positions by the spring-dividers : a tool so

important in every branch of the art, that a description

of it might have sooner claimed a place.

This is a kind of compasses formed altogether of fine The (|>ring •

steel. It Consists of a circular bow and two legs, all in dividers,

one piece, as represented in full dimensions bv Fig. 5. P^-ate

Plate CCLXXVIII. The bow is strong and well tern- cclxxviii

pered, and, without danger of breaking, allows a motion ^^' ^'

of the points from the distance ofabout an inch to their

contact. This is their range for use, but the elasticity

is not exhausted until the points are separated nearly
twice as far. At about three-fifths, reckoning froni

the bow, the adjusting screw has its place: It is at

right angles with the legs when the distance between
the points is small, because short lengths are most com-
monly taken. The screw, throughout its whole length,

has a fine deep thread of about sixty turns to an inch ;

is fastened to one of the legs by a pin passing through
it, and upon which it turns as on a centre, in order to

obey the circular spring of tlie bow ; and the other leg

is perforated, in order that, at every distance of the
points, it may pass freely through it. A nut, tlie fe-

male screw of which is nicely fitted to the former, by
its action overcomes the expansive force of the bow,
and regulates the distance between the points: But
this nut does not come in contact with the leg; there is

interposed between them a saddle-piece, whicii exterior

to tlie screw is made conical, and this is received by a
hollow conical part in the nut, whicji it exactly fits.

The saddle-piece next the leg is formed into a knife-

edge, or sharp angle, which, resting upon the sharp
bottom of a notch in the leg, keeps the former from
turning round with the nut, at the same time tliat it

allows the angular change, as the distance of the points

is varied. By this contrivance, fi-eedom of action of
the screw is preserved, and the possibility of its change

-(



351 GRADUATION. 1

The spring-

dividers.

Plate
cclxxviii
l-ig. 5.

£xen)plifi-

cation of

their use in

the division

of common
thermome-
ten.

Dinslon of

sectors and
plane ecales.

of place, an*! consequent alteration of the distance be-

tween the points, pitventt-ci. The legs are boi-ed in

the direction of tlieir length, to a depth of about

three quarters of an inch ; they have eacli. near tlieir

extrem.ties, a part which projects outwards. These

parts, as well as the length bored, are cut open on the

outer edge by a saw. A screw, in each of the project-

ing parts, passes freely through one-half, but acting in

the other, brings the parts nearer together, and fur-

nishes the means of securing the points firmly in their

places. The points themselves are cylinders, exactly

filling the bore of the legs, and their ends are worked

to the requisite sharpness ; and, in order tliat they may
measure the shortest possible distance, are brought very

near the inner extremity of the diameter. At the very

point, however, they should be round, and in every di-

rection the sides must make equal angles with the per-

pendicular ; for, were they not so, a distance set off with

them, it is obvious, would be altered by pressure.

In using this instrument, the fore-finger is pressed

upon the bow, the thumb and middle-finger keeping

it upright while the otlier fingers prop the hand ; but

where a distance is to be set off many times in succes-

sion, the dividers are to be twirled round in the same
direction, making a dot at every half turn. This is

the manner of handling the tool for common purposes ;

but for the accurate bisection of a distance, they must
not be touched by any other jiart than the leg near the

point, which is lodged m one extremity, while witii

the other a faint arc is described : the same thing being

done from the other end of the distiuice, the middle

point is secured by making a dot with a fine conical

pointril. In every use of the dividers, a magnifying

glass is to be held in the left hand.

In d'vidiiig a common thermometer, several points,

12 or 15 degrees a part, are marked off, according with

a standard one ; these, always unequal, are filled up
with equal parts. The use of the dividers cannot be

better exeinplified than in this case : Say the distance

from one mark to the next is 1.5°, the operator knows the

value of his time better than to do this at two operations;

instead of first dividing the space into three or five, he
guesses or estimates the distance of 1°, and running
the tool over the space almost as quick as he can count

its steps, sees how much he has erred ; a second or

third trial never fails to give him the proper distance.

The dots in these trials, two of which should never be
made in the same line, are barely to be seen by the

glass, and he wants the last, that, by repeating the

steps with a greater pressure, he may make the dots

sufficiently large to receive the point of the dividing-

knife. It may be mentioned, that the operator does
not draw a line in the direction of his work : without
such help, he learns by practice to plant his points in

the direct course.

Sector and plane scale patterns are divided from a
diagonal scale, with the square and dividing-knife

:

the whole length of the scale is equal to the radius of
the sector, and is divided into 1000 parts, and a lower
subdivision is obtained by estimation. The value of
each division is picked up among the diagonals, ac-

cording to tables of natural or logarithmic sines, tan-
gents, &c. Whoever wislies for full information upon
this subject, may coHsult the Select Mechanical Exer-
cises of the late celebrated James Ferguson ; every
table is there given, and not a figure more or less than
what is required. The practical part of what is here
referred to, Mr Ferguson learned from the first of the
three Troughtons, to whom his youngest son James
was apprentice, a youth of considerable promise, wlio
died at the early age of 23 years.

If it should be thought that we' have been imneces- E^
sarily diffuse in this department of the art, we would Gra&l

observe, that should any one, before he is fully ac-

quainted with it, and habituated to the use of the tools,

attempt to practise the higher branches, he will most
probably find himself unqualified for the task.

Sect. II. Engine Graduation.

The late Mr Henry Hindley of York, about the Engin.

year 1 740, was the first who constructed an engine for ''""tio

graduating instruments, and which also served the pur- Hindi,

pose of cutting the teeth in clock wheels. We liave it dividir

not in our power to give a particular account of this g'"*»

'

engine, but the late Mr Smeaton, in the Phil. Trans.
for 1785, informs us that the plate was turned round
by an endless screw, which having been cut with a tool

that turned upon a centre at a distance equal to the ra-

dius of the plate, made it of smaller diameter in the
middle, so that the screw througliout its whole length,

acted in contact with the convex edge of the plate.

Smeaton informs us, that both the screw and the teeth

in the plate, were jjroduced from the original gradua-
tion of the plate. Mr Smeaton's paper here alluded to,

is replete with general information upon the graduation
of instruments ; but Hindley's method of original di-

viding, and his own improvements thereon, form the

main subject. These will be briefly noticed in the next
Section.

Hindley, far removed from the metropolis, and per-

haps knowing little how, in his time, the useful arts

were cultivated there, was, by dint of his own native

powers, making considerable progress in the improve-
ment of his double profession of clock and instrument
making. In the latter, however, he must have want-
ed that constant employment which alone can ripen

experience, and give full effect to execution. He died

in the year 1771, at the age of 70 years.

An account of the next attempt to make a dividing The!!
engine was published at Paris in 1768, by the Duke de de Cll

Chaulnes ; every part of which is described with the nes' i (

utmost minuteness, and illustrated by 15 folio plates, '"8!^'

all full of figures. It will not, however, be to our
'

purpose to give even an abstract of this ingenious work,
on account of its having been superseded by better con-
trivances, a due attention to which will occupy as many
of our pages as can be appropriated to this subject.

We may however observe, that the wheel of this en-

gine is not turned round by an cndle.ts seme ; itself,

together with the work to be graduated, is acted on by
a clamp and screw for slow motion ; by the latter, a

divison of the limb is brouglit to be bisected by the

vertical wire of a fixed microscope, and then the cor-

responding division upon the work cut with a point

and frame adiipted to the purpose. We do not know
that any small instruments were ever tlivided by the

Duke de Chaulnes' engine, or that any large ones were ,

|

done according to the original method by which it was
graduated. The method, highly interesting, and at

]

that time altogetlier new, will find the notice it de-
j

serves in that Section of our present article to which it !

belongs.

It is, however, to the ingenuity of the late Mr B»ni»

Ramsden, that the world is indebted for engine divid- "livid :<

ing in its full effect. That artist, about the year 17()0", ^'"^'

produced an engine which, although it fell far short of ,

his expectations, exceeded, in accuracy, the best divid-

ing plate. It was fully competent to the division ofcom-
|

mon instruments for surveying of land, &c. but was
deemed insufficient to produce that accuracy which is re-

quired for the purpose of finding the longitude at sea.

This engine, about 30 inches in diameter, after Rams-

:1
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den had, about 1775, made anotlier of nearly four feet,

was sold to a noblftnan in France for the purpose of

btinp lodged in his cabinet.

Mr Rauisden, in his second effort to make an engine,

was completely successful, insomuch that a sextant di-

vided by it, being subjected to the examination of Bird,

was by him reported to be fit for every purpose of nau-
tical astronomy.' Ramsden's account of this engine, was
in 1777 published by the Board of Longitude, who re-

wnnled his ingenuity witli the sum of i£300. For a

further sum of i.'S 1,5, he made over to the public the

property of the engine itself, on condition, that at sta-

ted prices he should divide any instruments that might
be sent to him by other makers, so long as the engme
shoidd be allowetl to remain in iiis possession.

Previous to the account of Ramsden's being publish-

ed, and before its construction was generally known,
Messrs Dollond made an engincj differing materially we
believe from the former ; but as it was never used ex-

cept in the graduation of instruments made by them,
the only judgment we can form of its quality, arises out

of the high respectability of that well known house.

In the year 1778, the late MrJohn Troughtou comple-
ted a graduating engine, which at the full stretch of his

pecuniary means had occupied him for three years. In

its general construction, this differs in no material re-

spect from Ramsden's, though it is generally, we be-

lieve, thought to be superior in point of accuracy. The
trade were so ill satisfied with Ramsden, on account of

his keeping their work for an unreasonable length of

time, as well as for the careless manner in which it was
often divided by his assistants, that Troughton imme-
diately, at augmented prices, found full employment
for his ; and he has been heard to say, that by the care

and industry of himself and his young brother, he soon
found himself as well remunerated for making his en-

gine, as Mr Ramsden had been by public rewards.

It was about 1788, that Mr John Stancliffe finished

a dividing engine. Thi* accurate artist had been ap-

prentice to Hindley of York, and for many years a fore-

man to Ramsden. Tlie latter derived much informa-

tion from him in the construction of his second engine,

in which the cutting-frame of Hindley was adopted.

In the first, the divisions were cut with the beam.com-
pass, which, compared with Hindley's apparatus, is te-

dious and inaccurate. Mr Stancliffe's practice has al-

most exclusively been confined to making sextants, and
their being held in the highest estimation, furnishes the

most certain proof of the excellence of the engine by
which they were divided.

It would be useless particularly to enumerate all the

engines that have been made for angular dividing ; per-

haps there may be ten or twelve in London, generally

copies of Ramsden's second engine. The greatest novelty

tliat has appeared in this way, was given a few years ago
by Mr James Allen, an industrious workman, which he
stiles a self-correcting method of racking the plate, and
which, with the usual good nature of the .Society of

Arts, &c. was honoured with their gold medal. Those
who wish to know more of it, may, by consulting the

joumids of that Society, gain full information, and have
an opportunity to examme whether or not it deserves
its title.

As in our article, we have not room for more than
the description of one circular engine ;—as Ramsden's
has been copied into more than one work similar to our
own ; and as that of the present Mr Troughton has not
yet met the public eye, we give the preference to the
latter, wIpcIi at our request he has lately communicatedj
in ti<t following letter to Dr Brewster:.
VOL. X. I'AUT I.

" Dear Sir, I reineml)er that in a iatc conversation Fn|t(ne

between us, you gave me to imderstand, that a descrip- GnAuKUfi^-

tionofmy circular dividing engine would be acceptable ^^""^"^^

to you, in order to form a part of the article in your
,f|j i/jnor

Encyclopa-dia to which it belongs. For that pur|>o9e, cnnuining'a.

I have at length drawn it up, not to my own satiafac- deMrripiion

tion indeed, for 1 wished it to have been done well ; "f *•' '^•

but such as it is I have the honour of presentinir it to
T"'",""]!-

.,_.. ton B di-
you

viding cn-
The excellent engine of my late brother being fully gjne, com-

four feet in diameter, gave to the operator, when at work pleiwl in

near the centre, a position so painful, that it had done 1793.

no good to either his health or my own, and had mate-
rially injuretl that of a worthy young man then my as-

sistant ; it was evident that, by making one of smaller
dimensions, this evil would in a great measure be re-

moved, and I foresaw that by employing my own me-
thod of original dividing from which to rack the plate,

a considerable reduction might be effected without any
sacrifice of accuracy. I also perceived, that by contri-

ving the parts with more simplidty than Ramsden had
done, I could get through the work at less than two-
thirds of the labour and expcnce.

Such were my motives for making an engine, and
the work was accomplished in the year 1793.

" The principal parts of this engine are represented by Plate
Pig. 1 aplan,andFig.2an elevation.inPlateCCLXXIX. cclxxix.
It is mounted upon a strong frame of wood, the upper Fig. 1. &. 2..

part serving as a box to preserve it, and which at cer-

tain places opens for use. This stand does not, like

those of engines hitherto made, form a part of the ma-
chine ; it only serves to support it at a convenient
height, and is not, excepting the platform EE, at all re-

presented in the Plate. The lowest part of the engine
is a heavy tripod of cast brass, nearly in the same state

in which it came from the mould. Two of its branches
are denoted at A, A, in the plan; the third is similar,

but mostly covered by the work above. In Fig. 2. the

tripod is also represented by AA, below which three

finger-screws that support it upon the platform are seeri.

These screws, marked B in the elevation, serve the pur^
po«e of levelling the engine. They work in the trijwd

with their heads downwards, and are planted in the

broad part where the two branches meet. At about two
inches from the centre of the trijiod, and at equal distan-

ces from each other, are fixed three conical tubes, ex-

tending downwards nearly three feet. Two of them ap-

pear at C, C, the other is hidden behind the axis of the

engine plate. They are connected at the lower ends
by a strong piece of brass F, forming together with the

centre of the tripod a frame wherein the axis revolves.

TJie engine plate itself, represented by G .; in Fig.s, ''"'S-
^

1, 2, and a, was cast in one jnece of bras.e, all except
the circular limb. The form of the twelve radii respect-

ing depth is seen in the elevation, and a central part of

four inches- diameter, equal in thickness to their greatest

depth, connects them ; but the broad circular centre-

piece seen in the plan, as well as the circular ring shewn
in the middle, are no thicker than the limb. The limb,

three inches broad and half an inch thick, is formed
without soldering of one piece of fiue plate brass. It

is rabbettcd upon the extremities of the radii, so as to

bring its upper surface into the same plane with them,
and there by rivets made permanently fast.

The axis of the plate is a strong conical tube D, four
inches in diameter at the upper end, and half as much
below. Its length is determined by the three cones of
the tripod. At the upper end it is immoveably fixed to

the centre of the plate ; the lower end terminates in

an obtuse point of steel. There is fastened in the up-
2 Y
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per end of the axis an arbour of hardened and tempered

steel, which, having passed through the plate from be-

low, stands full two inches above its surface, and ends

in an obtuse point similar to that below. Upon the

two points when revolving in the lathe, the surface of

the plate was generated, and its outer eilgc made per-

fectly circular.

A screw for making the teeth in the limb had previ-

ously been made. It had 20 threads in an inch ; and

as it was intended that by one of its revolutions it

should carry the plate through an angle of 10', it fol-

lowed, that the circumference of the plate should be 108

inches. From the measure of the screw, therefore, the

dimension of the exterior border of the plate was deri-

ved, first by computation nearly, and afterwards by trial

with the screw itself.

A strong collar of bell-metal had been soldered upon

the axis, and, when the limb was turned, made coneen-

tric with it. The position of this collar is, respecting

height, coincident with the body of the tripod. The

centre of the tripod is hollow, in order that the collar

should pass through, but does not form a .socket for it

to work in. Instead of that, two narrow pieces of steel

are fixed vertically at an angle of 120° with each other.

Against these, the collar is pressed by a steel spring

planted at 120° distance from them. In this triangular

bearing the axis is supported at top, while the piece F
receives the point at the lower end, and supports the

whole weight.

To that branch of the tripod which is in front, a strong

plate of brass is screwed fast, as represented in the plan.

It extends inwards halfway to the centre, and outwards

somewhat beyond the border of the wheel. Its breadth

is rather more than the length of the screw arbor. Im-

mediately above tliis, and in contact with it, is an ex-

actly similar plate. To the under side of the latter are

screwed three oblong pieces, the thickness of which is

equal to that of the lower plate. These, one of them

at the middle of the inner end ofthe plate, and the other

two at the outer end near the edges, are received by slits

cut in the lower plate, which are about one-eighth of

an inch longer than the pieces, and allow a motion of

the upper plate, in the direction of the radius equal to

that quantity, but afford it no lateral play.

The dividing screw is fastened to the upper plate,

and partakes of its motion, the use of which is occa-

sionally to disengage the screw from the teeth of the

limb. Two pieces, which connect the screw with the

upper plate, ai-e seen, one or both of them, in all the

figures, and marked with H; they extend towards the

centre, as far as the plate, and form edge-bars to

strengthen it. The shape of these pieces is best shewn
in Fig 4 especially as to the manner how they are

brought from below, for placing the screw even with

the edge of the wheel, and how the screw arbor is

centered in them. The arbor of the screw is cylindri-

cal ; and a portion of each end forms a cylinder of

smaller diameter. Tlie shoulders, which near each end
of the arbor, limit those parts, prevent lateral play in

the pieces last described ; for the smaller parts work
freely in the holes of those pieces, the shoulders being
in contact with their inner edges.

The engine, so far described, is ready to receive the
original graduation of its limb ; and as this operation
•was clone, while work to be described hereafter was
preparing, I will here explain by what means this most
important part of the work was accomplished : to do
this, however, within moderate bounds, I must sup-
pose that the reader is already acquainteil with my
method, as published in the Phil. Trans, for 1 809, or

that he will turn over to the last Section of this articlej ''^"M

where it is fully explained. Graduiri

In the first step, a roller was placed horizontally, in ^^^
a frame attached to the tripod, having free and steady of ^j,^
motion round its own axis ; this was adjusted so as to Trough-

be carried exactly l6 times round, while the engine ton's at

plate made one revolution, and was itself near the edge '" ^'"W

upon its upper surface, divided into tti parts. Now, '"S""*.

upon turnmg the plate round, these 16 divisions 16

times told := 256, came in succession to the wire of a

fixed microscope, and were, by a proper apparatus,

transferred to the surface of the plate, in five dots, at a

sufficient distance within the edge to prevent their be-

ing disturbed by making the teeth. To accomplish Method

the next step, an index was made to revolve upon the ^*^I"'

arbor of the plate ; it was composed of two branches, i*^
each of which carried at its extremity a microscope

with a micrometer; these had a range of angular motion

respecting each other, from a right line to a very small

angle. By this index, and these microscopes, the 256
fine dots were examined by a certain bisectional pro-

I

cess, from which their individual errors were investiga-
|

ted by computation, and formed into a table. By the

help of the table of errors, the future work of racking

the limb was prosecuted with as much certainty as

could have been done, had the original divisions been
inserted without error.

It has already been said that the value of a tooth of

the limb should be 10', and consequently their whole
2160

number will be 2l60; now —-^= 8,^, and just so ma-

ny revolutions and parts of the dividing screw will be

commensurate with a mean space from dot to dot = an

angle of 1° 24' 22". 5. In ortler, therefore, that a com-
parison between the plate and the screw might be
made at every original dot, it became necessary to pro-

vide means to ascertain the position of the former at

every 16th part of a revolution. To this end a micro-

meter head, as large as could be admitted, divided into

l6 equal parts, was fixed upon the left end of the screw

arbor ; and contiguous to this, was placed a fixed in-

dex bearing a fiducial line. For the purpose men-
tioned above, these were all that could be wanted ; but

as our dots were erroneous, in order from their apparent,

to determine their true places, a lower subdivision of

the head became necessary. Each of the 1 6 spaces,

therefore, was divided into 10 by actual division, and

as an eye, practised in such matters, can by estimation

accurately obtain the value of the next decimal figure,

it was into the last denomination of subdivision that the

table of errors had been reduced, the value of an unit

of which, in angular measure, is iths of a second.

The roller was removed when the 256 dots had been

transferred to the plate, as were the double index and

microscopes from the central arbor, when the position

of those dots had been ascertained. Now, the dividing

screw was placed in its frame ; a micrometer, with a

moveable wire, fixed to the tripod for viewing the pri-

mitive dots, and a winch for turning the screw att.-ich-

ed to its arbour on the right : this change of pails be-

ing effected, the screw with its frame having free mo-
tion in the line of radius, and capable of being, by the

force of a spring, pressed into contact with the edge of

the plate, or bj- a screw drawn backwards at pleasure ;

and the plate itself having free motion round its axis,

the important operation of forming the teeth, or rack-

ing the circle, was commenced.
It should be premised, that to prevent mistakes, by

beginning an interval at a wrong l6th of the head,

which, by making false marks, would occasion much
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troiiHe, those ports were numberetl 1,2, 3, &c. to 16,

in tin- on'd- of tiirniiia^ tlie screw forwiirda. Corre-

sponding nnmbcrs ivcre marked in ink upon the plate

opposite to till" <l(ils, the order of which, from rij^ht to

ISO, 7, 1'1,;>, 12,3, 10, 1,8, 1.5,«, IS, +, 11, 2,9,
I, repeated 16 times, complete*! the circle. These

enabled me to proceed with confidence ; for, in be-

ginning any interval, it was only required that the

iiinnber upon the head should bo that, which distin-

guished the (lot under the wire of the microscope. In

the table ol' errors, I marked those dots, which were
too forwards, with the sign — , and those that were too

backward -\-, becmse it is evident that a -\- position

of the screw will efi'oct the correction of a — error of
the dot. and the contrary.

The tcro, or tirst dot, being without error in the ta-

ble, is, by turning the plate round, to be brought ex-

actly under the wire ot the microscope, and the divi-

sion of the head marked made to coincide exactly

with the fiducial line. The .spring must now be allow-

ed to press up the screw into contact with the edge of
the plate, and then, by means of the winch, the screw
is to be turned through S/W revolutions, which will

make impressions upon the etlge of the plate, and bring
up another dot to the wire of the microscope. The
screw must now be released, and the plate turned back-
wards, 80 as to bring that dot to the wire which pre-

cedes the one that the former interval began from,
which dot is marked 9, and the division of the head
marked 9 must be brought to the fiducial line, but not
exactly ; for in this, as well as in every future interval,

the tabular error of the dot must be allowed for, accord-
ing to the subdivisions of the head : the screw being
again pressed up, and turned with the wincli, as was
done before, this interval will be indented. Thus pro-
ceeding in a retrograde course, from one interval to
another, until the whole circle has been gone over, we
shall have a slight impression of the sa-ew at each of
its 2160 revolutions.

The marks formed in the manner just described are
laid on, as it were, in patches, the beginnings of which
are agreeable to tlie original corrected dots, but at every
©titer point subject to the error of mismeasurement of
the screw, as well as to that oi' its uncertain action.

It is evident tlmt the backward process in making the
first impression, was to prevent accumulated error,

which must have taken place, had the screw been turn-
ed forwards through successive intervals ; but as the im-
pressions already made are sufficiently deep for the screw
in its future action to follow them, and by its own equa-
lizing action to produce agreement, if necessary, be-
tween the beginning of one interval and the end of an-
other, it woiild be useless to pursue that process any
farther.

A continued forwards motion of the screw with tlie

winch was therefore kept up, until the plate had made
two more complete revolutions, when an examination at
several places was made as to the agreement between
the original dots and the impressions of the screw,
which was highly satisfactory.

Hitherto the thre.ids of the screw had not been made
to cut ; they indented the edge merely by their sharp-
ness and pressure ; and, without making either dust or
chips, ploughed a furrow, on each side of which the
metal rose in bur ; and it was easy to see, that already
four or five of tlie middle threads had been worn into
action.

But to prosecute the operation of racking from these
riight indentations to the full tooth, required that the

screw 8houl<i att like a saw ; and for that purpose, the

spiral notche.", which in opposite dircctioni are repre-

sented in the Figures as cios'iing the threads of the

screw, were made with a sliiirjvedged file ; and, in or-

der to preserve sharpness through long- continued ac-

tion, those notches were from time to time filed deeper
and broader.

In the account which Mr Ramsden gives- of racking
his engine, it is stated, that, after following step by step

tlie retrograde process described alx>ve,' through three

or four revolutions of the wheel, withont regarding any
more the original divisions, he turned round by conti-

nued motion, until he had produced the full tooth.

I have, however, to give a very difterent description

ofa method ofdoing the same thing; an operation which
occupied me nearly a month, and turned out one o^ the

most troublesome I was ever engaged in : it was a conti-

nued process ofcoaxing from beginning to end. My bro-

ther, who had performed a similar task liefore, had,

from his own experience, warned me of what i might
expect ; but, witliout that caution, I should not, any
more than he had done, have trusted, without exami-
nation, to the blind operation of the screw. The chief

cause of the embarrassment was, that the threads of the

notched screw cut sharper with one edge than with the

other, and consequently the indentations gained or lost

upon the original divisions. By frequently sharpening

tlie screw opposite various parts of the limb, the error

arising from this source was sometimes
-f-

and some-
times—, and that to the amount of 7 ' or 8" in some
parts of the circle. These errors were corrected from
time to time, as they were found to exist, by pressing

the wheel forwards or backwards, so as to force the
screw, in its revolution, to remove more metal on one
side of the indentation than on the other.

Those who dream of a self-correcting method of rack-

ing an engine, will do well to open their eyes to the

above circumstance ; and tor their use it may be re-

marked, that, in mechanical matters at least, faith is

but a poor substitute for good works, and ought never
to supersede the use of the senses.

My brother had told me that he had experienced con-
siderable inconvenience from having made the notches
in the screw parallel to the axis, as Ramsden had done
before ; for the whole length of each cut, coming into

action at once, and going out at once, caused an irre-

gular jerking motion ; this inconvenience I avoided by
making the notches in spirals, which crossing each
other at equal angles, gave in one set the preceding
edge, and in the other the following edge the most ad-
vantageous cutting angle : this expedient was not only
prtxluctive of dispatch, but also afforded an important
advantage altogether unforeseen. In all the engines
liitherto made, the racking screw, by frequent sharpen-

ing, had been completely cut up, and in every case a
second had been provided for working with. I also

had provided a duplicate; but the spiral cuts, by coming
into and going out of action continually and impercep-
tibly, rendered its application quite unnecessary. The
notched screw to be worked with, requires a much less

pressure than that which would make it cut, but the

%vorking pressure is quite sufficient to cause the notches

to rake off every impurity from the teeth of the wheel,
and keej) them perfectly clean : this last, together with
the economy of using but one screw, constitutes the
advantage above alluded to.

Fig. 3. is designed to shew in perspective the appa-
ratus for carrying the wheel forwards by the screw,

the manner how the latter is connected with the foot.
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and how it is stopped at every division. The chief parts

of which this apparatus consists, are more or less seen

in all the Figs. ; but the manner of its being supported

upon the platform of the stand by the intervening

block I, is seen only in Fig. 2. The principal piece is

a cock J, the horizontal part of which has two branches,

(one shewn in the Figure, ) between which the strings

pass. The vertical part supports a cylinder of steel,

which, when the screw is in action, forms a right line

with its arbor ; but there is left between their ends a
space of about half an inch : this affords easy means of

changing the ratchet-wheels, which are placed upon
the screw-arbor, and move round or stop with it. A
barrel about 2 inches long, and lA diameter, is fitted

upon the cylinder, but so as to admit of its being turn-

ed round and moved upon it with perfect freedom
from end to end. The middle part of the barrel is

formed into a spiral worm or screw, the groove of
which receives a cord or cat-gut of one-tenth ofan inch

in diameter. There is a slight frame dove-tailed upon
the horizontal branches of the cock, as shewn in front

of Fig. 3. which has steady and free motion in the di-

rection of the cyUnder ; to each side of this frame is

attached a pallet, one of which enters in front, and the
other behind into the spiral worm of the barrel, by
which means, when the latter is turned round, rectili-

near motion is given to the frame. The barrel to the
right is large, and excavated, so as to admit the ratchet-

wheel, which latter is driven by a catch and spring,

planted in the edge of the cavity in the former. The end
of the barrel to the left is embraced by a ring, which is

capable ofbeing turned round or set fast at pleasure. A
-stopping piece is fastened to the frame by a finger-screw,
and by means of a slit, through which the screw passes
from the ring of the barrel, varied through a consider-
able extent. The elevated part of the stopping-piece
resembles an anvil, and the hither side of the ring of
the barrel, a hammer : the contact of these determines
the point from which divisions begin : each division is

terminated by similar means ; an anvil is found in the
elevated part of the frame behind, and a hammer in a
screw-head, projecting from the enlarged end of the
barrel : a string occupying four or five turns of the
groove of the barrel, at one end is attached to a treadle
near the floor, and at the other, after passing over two
puUies, to a weight behind. When the treadle is pressed
down with the foot, the hammer in front leaves its

anvil ; and as the barrel is carried round, tlie frame is

moved forwards by the pallets, so that in the second
turn they pass clear of each other, and the motion is

continued until the anvil behind is struck by the other
hammer : during this time the catch, by tlie pressure
of its spring, has hold of the perpendicular side of a
tooth of the ratchet-wheel, carries the screw round along
with it, and moves also tlie engine plate through the
proper angle. On the pressure of the foot being gra-
dually withdrawn from the treadle, so as to let the
weight prevail, the barrel will be brought round in a
contrary direction ; the hammer and anvil on the far-
ther side leave and pass each other, and then those on
this side pass and meet as at first, ready for a second
tread. During the time that the barrel runs backwards,
the screw and engine-plate stand still ; for the sloping
sides of the ratchet-wheel allow the catch to escape
freely over them. As things stand in Fig. 3. a tread
gives only two revolutions of the screw, but the num-
ber may be varied at pleasure as far as six ; for let the
anvil in front be placed by its finger-screw so much to
the right as will allow the hammer to escape it, the
» eight will then draw the barrel back through another

revolution, and the parts will meet again. Parts of a. Engi

revolution are obtained with equal ease. It was said '''*dui
i

before, that the ring of the barrel, to which is attached ^~''. ^
'

the hammer in front, might be turned round and fixed gradua

at pleasure ; now it is evident, that if the hammer were the Uii

brought down so as to meet the anvil sooner, the tread Mr Et

would be shortened ; and, if shifted the contrary way, 1'foug'

it would be lengthened. Thus, by changing the position |°" ^."^
'

of the anvil, we can vary the number of complete re- engine
volutions ; and as parts of a revolution are obtained by
shifting the hammer, we have the power of varying

the angular value of a tread from six revolutions of the

screw, down to a single tooth of the ratchet-wheel.

The most useful number for the teeth in this wheel
is 120, for it answers to the division of the vernier that

gives 5" of the usual degree, or 10" in instruments of
reflexion, as well as to many others. To divide the

vernier of a reflecting one that shews 15", requires a

ratchet-wheel of 80 teeth ; and this number, were it of

any use, which it is not, would give the usual subdi-

vision of the 96° arc. To divide the centesimal de-

gree of the French, and its first decimal subdivision,

requires a wheel of 100 teeth. To the division of odd
and prime numbers, a near approximation may be made
by an artifice contrived by myself, and I beUeve im-
known to any except those who have been my assist-

ants : an example will be the best way of teaching it

to those to whom it may be useful. Let the number to

be divided be 331, and let the ratchet-wheel with 80
teeth be chosen ;' if we divide 2160, the whole number
of turns the screw makes in one revolution of the plate,

by 331, we shall have a quotient of 6, with a remain-

der of IT'i, which latter being multiplied by 80, to

reduce revolutions of the screw into teeth of the

ratchet-wheel, gives 1 3920, and this also being divided

by 331, quotes 42 with a remainder of 18; that is, a

division will be equal to 6 revolutions of the screw,

and 42 teeth of the ratchet-wheel nearly. But as we
cannot at one tread exceed 6 revolutions, we must be
content with half of it = 3.21, and tread twice for one
division ; but as in our arithmetical operation we had
a remainder of 18 teeth, in order to make ends meet,

these must, as we proceed, be disposed of in their pro-

per places : now, as 1 8 is the 20th part of 360, if at

every 20° of the circle we set the screw one tooth for-

ward by hand, the thing will be accomplished, and no
greater error than 1 tooth = 7". 5 will enter the work;
a precision fully sufficient for any purpose that such

numbers can require, and in my opinion greater than

can be come at by any other means.

On the end of the screw arbor to the right, as exhi-

bited in Fig. 5. is attached a milled-hcad and divided ^'8-

'

micrometer; the latter, like the rachet-wheel, is change-

able at pleasure, and carrying the same number of di-

visions that the wheel does teeth ; the micrometer turns

round with the screw, and a cock, fixed to the frame,

bearing a fiducial line, serves as an index for counting

the divisions. By the help of this we are enabled at

once to set the stopping apparatus to any part of a

revolution of the screw, without the trouble of a second

trial ; and by it, in case of a false tread or other accident,

we can adjust the parts again to due position.

The frame and apparatus for cutting the divisions, j. ^,

and their connection with the engine, remain to be de- fg, ^n

scribed. Upon the two remote branches of the tripod, the di

and beyond the border of the wheel, are erected two sions.

pillars, the upper parts of which are formed into screws.

Four screw nuts work, two and two, upon the screw
part of these pillars, and embracing the ends of a strong

bar of brass KK which they support, enable us to ad-
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just its height, to suit the thickness of the work to be
divided.

To the near branch of the trip(id, a cross piece L,
Fig. 2, nearly the length of the screw arbor, antl paral-
lel to it, is firmly fastened. Tliis carries upon its extre-

mities two pillars similar to, but smaller than, the others.

Upon the strong bar KK, at equal distances from the
middle, are two other bars fixed by finger screws. They
extend from the strong bar to the pillars in front, to

which they are secured by double nuts like the former.
These two bars, marked M, M in the plan, are bound
together by a cross brace at the remote end, and by
another a little way beyond the centre. But in no other
part can crossing pieces be admitted ; for as they form
the support for the apparatus that cuts the divisions,

uninterrupted motion along the whole line of the radius
is required.

The cutting apparatus consists of three principal
pieces, marked in the plan a, e, o. The first is a bridge,
which crosses the space between the bars M, M, and to
which it is attached at either end by shding sockets.
The latter run along the bars, to any part of which the
apparatus may be clamped, according to the length of
tlie radius of the instrument to be graduated. Two
steel screws having conical points, are tapped through
the perpendicular ends of the bridge above the sockets,
and by working in holes of the second piece, form an
axis or joint, round which the latter has a free and steady
motion. The third piece, the form of which, as well
as that of the second, is seen in the plan, has, like the
first, steel screws with conical points tapped through its

ends, and these like the others act in the middle piece,
forming another horizontal axis parallel to the former,
and in every respect like it. In Fig. 1, the parts are
extended, for the purpose of being more distinctly re-
presented, into a position in which they cannot work.
The best effect is produced, when the middle piece is

vertical, and the third horizontal. Sufficient freedom
©faction, however, is found in this contrivance of Hind-
ley's, to produce a rectilinear motion of the pointril of
at least one-third of an inch, a quantity fully adequate
to the purposes required. The part of the third piece
next the centre, is that in which the pointril is placed.
It is so contrived, that its length below the piece may be
varied at pleasure, that it may be turned round upon a
horizontal axis, so as to make any angle with the plane
to be divided upon, and that its action may be viewed
by a properly attached magnifying-glass.

There is one part, which might either have been men-
tioned sooner, or, as the performance of the engme in
point of accuracy is not at all promoted by its introduc-
tion, might luive been altogether omitted; but as it

bears rather a conspicuous appearance in Fig. 2, it may
as well be noticed. A bar attached to the same pieces
that support the screw arbor, to which it is parallel,
and placed below it, together with a cock behind, bear
the axis of a vertical friction wheel N. This wheel is
placed so, as to roll in contact with the under side of
the hmb of the engine immediately below the dividing
screw. Without this, the action of the screw in the
teeth of the wheel would occasionally produce a very
harsh jarring sound, but which is rendered mute by
this contrivance. .

A hardened and tempered steel arbor rises fnll two
mches above the surface of the plate, in the axis of
which It IS immoveably fixed. In other engines the
axis IS hollow, into which may be dropped differently
eized arbors, suitable to the centre holes of the instru-
ments to be graduated ; but as I never intended with
this engine to divide any other instruments than those

of my own construction, and as it was easy to make Engine

them, whether great or small, to suit my arbor, by fix- Graduaticiu

ing it, I avoided one source of uncertainty and error. ^"""V"^
This arbor is the principal connection between the en-
gine and work to be graduated, and requires the most
exact fitting ; and tapped holes, arranged variously
through the length of the 12 radii, furnish the means
of applying holdfasts, to prevent accidental circular de-
rangement.

I will iiow conclude this long description with ob-
serving, that with this engine, and indeed the observa-
tion applies equally well to those of Ilamsden's construc-
tion, the operator can cut about 24 strokes in a minute
of time ; for one single minute indeed, he will be able
to make 30; but including short and frequent in-

tervals of rest, the former rate may be kept up for hours
together. The vast importance of this expedition, needs
no comment with those who know the value of accu-
rately graduated nautical instruments, and the great

demand for them. Yours, &c. Edward Tiiouohton."
We are well aware, that engines for dividing straight

lines, are of much less importance than those for gradu-
ating circles and arcs ; yet we should not think that

justice was done to our article, were we to omit an ac-

count of one for the former purpose.

Encouraged by his former success, and having in Account cf
prospect farther rewards, of wjiich he was not disap- Ratr.sden's

pointed, Mr Ramsden constructed the first right-line straight line

engine, an account of which was published in 1779, "'S''"''

by order of the Board of Longitude. Of this, the
following is a copy, accompanied by reduced drawings
of the original figures.

" Experience having evinced the great utility of the
engine for graduating circles, it encouraged me to at-

tempt a similar method, whereby lines of equal parts,

sines, tangents, secants, &c. might be divided with
equal ease and correctness.

By the engine hereafter described, any line of equal
parts, &c. may be divided without an error of the

j^cyj^th part of an inch ; and, as this can be done by
any indifferent person, and so very expeditiously, its

uses for dividing all sorts of navigation scales, sectors,

&c. must be obvious ; especially when it is considered,

that from the incorrectness of the present method of
dividing, these valuable instruments are of less use
than they might be.

This engine consists of a strong plate of brass, move-
able on two edges of an iron frame. To facilitate iti?

'

motion, the friction is considerably diminished by the
application of three rollers to the under-side of the

plate : the iron frame is supported on a strong maho-
gany stand.

One edge of the brass plate is ratched or cut into

teeth, of which there are exactly twenty in an inch,

and it is moved along the iron frame by an endless

screw, having exactly the same number of threads in

an inch ; these threads fit into the teeth on the brass

plate. Each revolution of the endless screw round its

axis will move the plate t^it^ of an inch along the iron

frame.

A small wheel is fixed on one end of the screw, hav-
ing its circumference divided into 50 parts, which are

again subdivided into five parts by a vernier ; there-

fore, when tlie screw is turned on its axis, one of the
primary divisions, the plate will be moveti -rsVa^'*

*'^'

an inch along the iron frame ; if the screw be turned
to the coincidence of one division on the vernier, the
plate will be moved TsyJagth of an inch, and so of the

rest ; and the line on the plate to be divided, which
terminates the spaces moved by the brass plate, may be
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drawn on it, or on any instrument fastened on the plate,

with tlie greatest accuracy, by a point or tracer fixed

A^^.r^.^ in a proper frame, whereby it has a rectihnear motion.
Account 01 ,.*• . iLi
Bamsilen's witho\it any lateral shake.

straight line Sometimes it may be necessary to lay down lines on
engine. instruments which are not commensurable with English

inclies ; such as are the feet, inches, &c. of most other

countries : this is done by inclining the line to be di-

vided to make an angle with the direction of motion

of the plate, by an apparatus to be described hereafter;

if the tracer be set to draw lines at right angles to the

direction of motion, or to the side of the plate, then

the line to be divided will be as much longer than the

space the plate has moved, as the secant of the angle

of inclination is longer than the radius; but if the tracer

be set to draw lines at right angles to the line to be di-

vided, then divisions on that line will be shorter than

the space the plate has moved along the iron frame, as

much as the cosine of the angle of inclination is short-

er than the radius.

PtATE Fig. 1. Represents a plan of the dividing engine.

CCLXXX. Fig. 2. An elevation.

Figs. 1—5. Fig. .'5. A section on the line AB.
Fig. 4. A section on the line DE.
Fig. 5. The underside of the plate A, represented in

Fig. 1.

Note. Like parts are marked with the same letter in

each of the Figures.

Fig. 1. A represents a strong brass plate, 27 inches long,

four inches broad, and Ts^hs of an inch thick ; work-
ed exceeding flat, and of the same thickness through-

out, with its two edges exactly parallel.

B is a strong iron frame, 48 inches long, having two
edges a, b rising half an inch above its stirface ; these

two edges are made very straight, and in the same
plane ; the inside of the edge a is also made as straight

as possible.

The plate A slides on the two edges of the iron

frame ; beneath it are two springs c, c, each fastened at

the extreme ends to the plate A by the screws ,•; ; at

the other end of each spring is a roller c of tempered
steel, turning on an axis in these springs ; there is also a
third roller d of tempered steel, let into the iron frame
near where the threads of the endless screw act ; this

roller hath a long axis, one end turning in the iron

frame at g, and the other in the lever h ; this lever

turns on a centre at », and with it the roller d may be
raised or depressed, by turning the capstan-head screw
o, which presses on a strong spring.

The use of the rollers is to diminish the friction of
the plate A, when moving on the iron frame B : for

this purpose, the strength of the springs is regulated by
turning the two screws n, v, and of the roller d by the
eapstan-head screw o, till the weight of the plate A be
very nearly cawied on these rollers.

C is the endless screw, which is of tempered steel,

and has its pivots formed in the shape of two frustums
of cones joining each other at their smaller end by a
cylinder, as shewn in the description of the circular

Fig.?. engine, p. 5, Plate III. of that work. These pivots
turn in half holes of the same form in the pieces of
brass DD, which are firmly screwed to the iron frame

;

the hali"' holes are kept together by the screws m, m,
whicll may be tightened at any time to prevent the
endless screw from shaking.
On one end of the screw arbour is a wheel h, having

its circumference divided into 50 parts, and numbered
Fig. J. at every tenth division with 1, 2, to 5 ; and these divi-

sions are again subdivided into five parts by the vernier/.

Fig. 5.

Kg. 3.

Figs. 2, 3.

G, G represent two frames of steel ; each of these En-

frames turn on centres K, fastened to the under-side Grailuin

of the plate A, and equi-distant from the edge of it. r""^
In each frame is a roller ^^ of tempered steel, turned |>""'"

very concentric to their pivots, and exactly of the same ,|

diameter. ci^sjuni

The frames G, G are connected together by the brass 1' ';•*"'•

plate E, which turns on a stuti in each frame; the studs J.P'^
must be at equal distances from the centres K on which ''^' '

the frames turn, and the distance between the holes in

the plate E in which the studs act, must be the same
with the distance between the centres k, so that the
plate E may always move parallel to itself, and that the

circumference of the rollers may be always equidistant

from that edge of the plate A, which is intended to be
ratched. This appai'atus serves to press the edge of
the plate A, with a motion parallel to itself, against the
threads of the endless screw.

On the end of the plate A is a spring of tempered pj„j ,

steel, which acts as a bent lever. The spring end of
this lever has a ketcli, which passes under the head of
the stud I, that is on the end of the connecting piece E. i

While the other end of the lever is pressed gradually
I

down towards the plate A, by turning the finger screw

F, the connecting piece E is drawn forwanl, so that

the steel rollers pressing against the edge a of the iron

frame, may force the side of the plate against the end-
less screw.

Then having two screws of tempered steel exactly

of the same diameter and number of threads, viz. 20
in an inch, one of these screws was notched across the

threads, so as to cut in the manner of a saw; this screw

was put in the half holes in the pieces D, D ; on the p- ,

opposite end of the screw arl)or to that whereon the

wheel is, there is attached a long rod, of such length,

that the winch on the end of it, by which the rod and
endless screw are turned round, may be clear of the

iron frame.

Z is a nan'ow slip of brass, having its edges exacth^

parallel, wliich is screwed on the plate A, and steady

pinned.

The edge of this slip is parallel to the edge of the

plate A ; a distance ot 25.6 inches was set off on a

line on the slip parallel to its edge ; this distance was
bisected continually, till the distance between each bi-.

section was xo^hs of an inch.

A brass cock was fastened to the iron frame, which
passing over the endless screw, applied itself to the

slip on the brass plate A, a small silver wire was stretch-

ed across a hole of half an inch diameter in the end of

the cock. The coincidence of the bisections with this

wire was examined by a small magnifier in a brass tube

fixed exactly over it.

The plate A being on the iron frame, the bisection

marked I, towards the right hand, was set to coincide

with the wire, and the division numbered 50 on the

wheel, was set to the first division on the nonius.

The plate A was then pressed against the endless

screw, by turning the finger screw F ; then, by means
of the winch, the endless screw was turned towards

the left sixteen revolutions, till the bisection marked o,

was brought to the wire ; this done, the plate was de-

tached from the endless screw, by unturning the finger

screw F, and the division numbered 2 was set to coin-

cide with the wire, the division 50 on the wheel being

previously set to its index, and the edge of the plate

was pressed against the screw by turning the finger

screw F ; then, by means of the winch, the endless

screw was again turned round its axis 16 revolutions

4

Fis
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towar<ls the left hand, till the bisection I was brought

to coincide with the wire. Tlie plate was a<,'ain de-

tached as before, and the bisection marked 3 was set to

coincide with the wire, and in this manner the edpe of

the plate was ratched from end to end three or four

times, till the threads had made a ffooi\ impression,

which afterwards was ratched from end to end, with-

out ever discnjfajfinjf the plate from tlie screw, till the

teeth were entirely finished.

The notche»l endless screw, with the ro<l and winch,

were then removed, and the plain screw was put in its

place ; having the divided wheel on one end of the

screw arbor, and two sets of ratchet wheels on the

other end. These sets are each composed of tliree

wheels, having teeth round their circumference ; one

in each set hath 32 teeth, another 48, and the third 50.

These two sets being one for turning the screw, and
the other lor stopping it, they have, for this purpose,

their ratchet teeth cut in opposite directions.

I, represents a cylinder of brass, having on one end
two steel rings a and h, with their edges that are to-

wards each other cut into ratchet teeth ; these teeth are

cut in contrary directions, so as to fit into each other

;

on one of these rings is an index, anil the otlier hath its

teeth numbered with 10, 20, up to 50. The other end
of the cylinder is made hollow, and contains one of the

sets of ratchet wheels. There are two slits opposite

each other, pierced through the hollowed part of the

cylinder W. In each of these slits is a click turning

on an axis, and is pressed into the teeth of the ratchet

wheel by a small spring. The clicks may be moved
along their axis, so as to catch in any one of the three

ratchet wheels, and may be fastened at that place, by
tightening the small screw S.

The cylinder I, with the clicks, &c. turns on a steel

axis X, firmly attached to the piece K, and in a line with

the axis of the endless screw. Motion is given to this

cylinder round its axis by a piece of cat-gut, which hath

one end fastened to the ratchet ring b ; and the other

end, after passing four or five times round the cylinder,

is fastened to a treadle ; and on pressing the treadle

downwards, the clicks S catch in the teeth of one of the

ratchet wheels, by which means the cylinder I, toge-

ther with the endless screw, are turned round their

axis, which moves the plate along the iron frame, and
at the same time winds up the spiral spring u. On re-

leasing the treadle, the spring u unbends itself, the

clicks quit the ratchet wheel, and leave the endless

screw at rest, while the cj'linder I turns in an opposite

direction, and raises the treadle to where it was before.

V is a small square bar of steel, having both its ex-

tremities cylindric. These cylinders move in holes

lined with hardened steel, one in the piece D, and the

other in the piece K. This bar carries three different

pieces, which are of tempered steel ; the middle one I,

is made to lie in the interval between the threads ofthe
screw cut on the cylinder, and passes nearly half round
its circumference ; it is kept in the threads by a spring
c, which presses on a piece q, screwed to the iron frame.
This piece being attached to the bar V, by the screw p,
turning the cylinder I on its axis, will give a longitutli-

nal motion to the bar V.

The upper end of the piece /"
is formed into a hook,

and may be set to catch in theteeth of any of the ratch-

et wheels, and then fastened to the bar v by the screw
i. Towards the other end of the bar is a piecej, which
serves to stop the cylinder in turning back, so as to li-

mit the number of revolutions or parts. It is fastened
to any required place on the bar v, by the finger screw /^

When the engine is used, the treadle is pressed down-

wards, which, by means of the cat-gut string, turns the Bngiiie

cylinder I round its axis ; and the piece I moves along t;''»'lmiiion.

the thread, till a stud r on the cylinder, striking on the ^^7 ,^'
,"~f

top of the curved piece t bendK the spring e, till that kjhhmIcii'i

piece rests on the piece a. Ky bending this spring, the mriighi line

square fcar is turned a little on its axis, an<l pulls the «>nine.

hook /'into the teeth on the ratchet wheel U. Then T-'^^Vvr
releasing the treaille, the spiral spring turns back tlie ..^ , .

cylinder, till the piece _;' is brought under tlie slop on * " '

the ratchet ring b.

The parts of a revolution are regulated, by setting

the number required on the ratchet ring b, to the index
pjjjg. | , g.

on the fixed ring a. Each of theteeth answers to a mo-
tion of TOTTT °^ 3" 'w'l °^ 'he plate A ; and the num-
ber of revolutions, each of which moves the plate A
TTO inch, is regulated by setting the piecej on the bar.

L represents the steel frame, in which the tracer is ptg^ j, j,

fixed. This frame turns between the ctmical points of 3.

two screws n, n of tempered steel, which are screwe<l in

the frame Q. There arc also two similar screws in the

same frame at m, m. The points of these screws, which
are also of tempered steel, turn in conical holes in

the piece P. By means of this parallel motion, the tra-

cing point, by which the divisions are cut, will always
describe the same line without any lateral bending.

The tracer is put in the hole in the axis b, and is fixed

there by tightening the four screws^) which presses the

piece c against the flat part of the axis.

This axis, which hath its pivots formed in double
cones, turns between the half holes at d, and may be
fixed when the tracer is set to any required inclination,

by tightening the screw S.

S is a brass ruler, having its edges very straight and Fig- *•

parallel. It hath two thin pieces of steel g attached to

it, which turn on joints at h, exactly equi-distant from
the edges of the ruler. The interval between the pieces

g, g, is exactly the same with the width of the steel

frame L. There are angular notches on the lower edge
of the pieces g, similar and equi-distant from their cen-

tres ; so that when*any two corresponding notches arc

put on the screws n, n, between the frames Q and L,
the screws being on that part made cylindric, and both
of the same diameter, then the edge of the ruler will al-

ways be at right angles to a line drawn by the tracer.

The ruler S, in this manner attached to the cutting

frame, may be set parallel, or to any required inclina-

tion with the edge of the plate A, by turning the han-
dle T, which moves the piece P with the cutting A-ame
and ruler on the centre x, and may be fixed tlieice by
tightening the nut P.

From a centre .1, on the plate A, are drawn two cir-

cular arcs. The outer one is divided into degrees, and
numbered from 1 to 9. Each degree is again subdivi-

ded into six parts, or every ten minutes. The inner
circle is divided in the proportion, that the cosines of
the angles of inclination with the edge of the plate A
bears to the radius, supposing the radius 10,000, and
the divisions are numbered every 10th with 10, 20, to

1 40. But the use of this apparatus may be perhaps bet-

ter understood by an example.

Let it be required to divide a line of the length of

9iW'> '"'" the same number of divisions, and in the
same manner as if it were 10 inches long. Put the ru-
ler S to the cutting frame L, and turn the handle T till

the same edge of the ruler cuts the centre J, and the
first division from the () of the inner arc. Then screw
the instrument to be divided firmly on the plate A, so

that the line to be divided may be parallel to the edge
of the ruler, which may be now removed. When the

plate has moved 1 inches in its own direction, the
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Engine whole length of the divisions on the line divided will

Graduation, ^nly be 9 ^o'o'^ inches."
"^"""Y""^ The screw of a dividing engine, whether for right

On the for- lines or circles, must be considered as a most essential
mation of pa^, and should be of the most perfect workmanship,
the screw of

py^bably from knowing, that there are several good
methods of producing a screw now well known to ar-

tists, Troughton omitted to send an account of that by
which his was made, at the time he transmitted to us

the description of his engine. We will, however, an-

nex the method of making one ; and as that employed
by Ramsden for his straight line engine, may, for aught

we know, be as good as any, it has been selected. The
following is Mr Ramsden's own directions for making
the screw, and the Plate is a copy from his original.

" The exactness of the above described engine, de-

pends very much on the correctness of the endless

screw, Avhich here is required to have some properties,

that were not absolutely necessary in the endless screw

for the circular engine. In that, as there were but a

few threads of the endless screw engaged in the teeth

of the wheel, it only required that those threads should

have an equal inclination to the axis of the screw ; but

in this engine, where the whole length of the screw is

engaged in the teeth of the moveable plate, it is neces-

sary also that the distance between the threads should

be the same throughout the whole length of the screw.

This is eifected by the screw engine hereafter descri-

bed.

Fig. 7. Represents the plan;

Fig. 8. The elevation ; and
Fig. 9. A section on the line BO. The same letter re-

fers to the same part in each ofthe figures. A represents

a strong circular plate of brass, having its edge ratched
bythe method given in the descrijrtion of the circular en-

gine. On its centre is firmly fixed tlie pulley B by four

screws; a groove is turned on the cylindric part of the
pulley, perfectly concentric to tlie plate A.
C is a steel axis two feet long, terminating in a point

whereon it rests. The upper part of the axis is firmly

screwed to the plate A, and turns in the collar D.
E represents an endless screw, which, being turned

on its axis, moves the plate A round its centre. F, a
divided circular plate, which may be turned with or
without turning the endless screw. On the other end
of the screw arbor is a wheel a, having its outer edge
cut into teeth. X is a winch whereby the endless screw
is turned round,

G represents a triangular bar of steel, which passes
over the circular plate A, and is firmly screwed to the
frame at H and I.

K, a piece of steel whereon the screw is intended to
be cut, liaving its pivots formed in the manner before
described. On one end of this steel is a wheel L, ha-
ving teeth round its circumierence, which take into
those on the wheel a, on the arbor of the endless screw.
M and N represent two strong pieces of brass, in

which the st«el whereon the screw is to be cut turns.

They are firmly fixed to the triangular bar G, by tight-

ening the piece I by the screw n.

O is a piece of brass, which slides on the triangular
bar G. Its two extremities are made to fit the bar, it

slides regularly thereon, and is prevented from rising
by the two springing pieces c,c. Near one end of the
piece O, is an angular groove q, that holds the tool by
which the threads are cut. As it was necessary to cut
the screw after the steel was hardened and tempered,
therefore the tool was pointed with a diamond. The
cock W serves to fasten the tool, which may be set to

I'igs. 8, 9.

Fig. r.

B»gs. 7,8,9.

Figs. 7, 8.

Figs. 7, 8, 9.

^'g. 8.

Kig. 7.

take proper hold on the steel, by turning the finger Kngl

screw S, and is fixed there by the screw V. Gradua

To make a screw perfect, it is only required to give 1~
^

the point which cuts the threads an uniform motion pa- nietho<I

rallel to itself, and to the axis of the intended screw, niakinj

and that this motion be proportioned to the revolution screw,

of the intended screw, as the number of threads may •'lati

require. cclxj

To effect this, a piece of thin tempered steel, exactly
'''8*-^'

of the same thickness throughout, is fastened to the

slide O at r ; the other end of the spring is fastened to

the pulley B, in the groove. Now, while the circle A, pig. 7,

with the pulley, is turning round its centre, by turning
the endless screw towards the right hand, the spring t

draws the slide O with the cutter q, along the triangu-

lar bar ; at the same time the steel K, whereon the

screw is to be cut, is turned round its axis by tlie com-
munication of the wheel a, on the endless screw with
the wheel L.

It hath already been mentioned, that the screw of
the engine before described hath 20 threads in an inch ; ,^
therefore, if the number of teeth on the wheel a be to

the number on the wheel L, as the number of teeth on
the wheel A, is to the number of twentieths of an
inch round the circumference of the pulley B, allowing

for part of the thickness the spring /, the spaces be-
tween each of the threads of the screw to be cut will

be twentieths of an inch.

The size of the pulley was determined in this man-
ner : the endless screw being disengaged from the

wheel A, the slide O was drawn back till the end of it

came nearly to the piece M ; the endless screw was
again engaged in the wheel A ; then having two very
small dots on the slide O set off parallel to one side, and
exactly five inches distant from each other ; the slide

was moved by turning the endless screw, till one of the

dots was biseeted by a small silver wire fixed across a

hole in a thin piece of brass attached to the piece N ;

then the O on the divided wheel F was set to its index,

without moving the endless screw, and the pulley was
reduced, till 600 revolutions of the endless screw

brought the other dot to be exactly bisected by the

fixed wire. These bisections were examined by a lens

of half an inch focus, set in a small brass tube, which
was fixed perpendicularly over the wire." !

We believe that the above described right-line en- Remal

gine, has been chiefly employed in dividing such scales Hams

as surveyors use for mapping their work, barometer *'™K

plates, he. But contrary to what Mr Ramsden has '"'="''

stated, it sliould be remarked, that, for unequal parts,

(sines, tangents, &c.) its performance must be tedious,

and of course expensive; for after every tread, the
,

screw would require to be put forward by hand, to

the amount of at least one significant fi^gure of the

Tables for every division from which they are gathered.

Mr Ramsden states the accuracy of this engine to be

equal to the 40()0th part of an inch, which it certainly

ought to be ; this exceeds in precision, by a small degree,

what may generally be expected from Bird's standard

measures
;
yet, as we know that Sir George Shuckburgh

Evelyn sought in vain when he examined our national

standards, for some work of Ramsden's to place in his

list ; and as in the appiiratus for our great trigonometri-

cal survey, otherwise made entirely by himself, a 42

inch scale of Bird's was used, it may be presumed he
never executed any thing of the kind.

Soon alti.1- the above described engine was finished,

and before the description was published, another right-

line engine appeared. Tiiis, with the assistance of an
1
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ingenious workman, was made by the late Mr Harrison,

a son of the celebratcnl artist, who pained the fjreat re-

ward for findinjjr the longitude at sea by means of time-

keepers. There is reason to believe, that this engine

possesses great merit, and that, in its construction, it is

materially different from Hamsden's ; but we are not

sufficiently actjuainted with it to point out those differ-

ences, or to offer any description of it. We know, how-
ever, that this engine is not idle j it is in the possession

of .John Barton, Esq. a relation of Harrison, who, we
think, is now deputy comptroller of his Majesty's mint.

Hut the avocations of office cannot suppress his natural

inclination to mechanical exercises, for which his inge-

nuity, as well as his nice hand and eye, so eminently

qualify him.

There was a man of the name of Coventry, a glazier,

who for many years rendered himself useful by divid-

ing with wonderful minuteness and accuracy upon
glass and other substances, the micrometer scales for

microscopes and other purposes. His engine consisted

of a very long beam compass, nicely balanced, having

at one end a socket moveable by a micrometer screw,

and furnished with a fine diamond point. The death

of this man, Avhich only happened a few years ago,

would have been more regretted, had not Mr Barton,

with the engine of Harrison, produced in similar works,

still more exquisite specimens of art. The mother-of-

pearl scales (Cavallo's micrometer) come from his hand
almost miracles of neatness and accuracy.

It is, however, comparatively easy, to produce equa-

lity among neighbouring divisions in short measures,

to what is required in larger works, where the most
distant parts would occupy their relative places as cor-

rectly as adjacent ones. The latter, indeed, is the great

difficulty of the art in all its branches, but more parti-

cularly so, in that which is the subject of the next

Section.

Sect. 111. Original Graduation,

We now come to treat of the art in its highest order;

the importance of which may be inferred fioin consider-

ing with what attention it has been cultivated, during

a succession of ages, by men of science as well as artists.

A modem journalist has designated it, *' one of the

nicest operations of manual labour;" the truth of which
may be evinced from the very limited number of those

who have performed it with success, and the high con-

sideration in which they are held by al! who are quali-

fied to appreciate their labours. But the exactness re-

<iuired in the art may be drawn from still more certain

sources. In a circle of three feet radius, which is that

of the mural circle at Greenwich, a minute of a degree

is little more than the 1 00th part of an inch, and this

quantity, respecting latitude, is the measure of about a
mile upon the surface of the earth ; but if we speak of
longitude, as derived from lunar and solar tables, the mi-
nute represents upon a mean no less than about .SO miles;

while some of the elements of" astronomy respecting

their maxima, are by observation brought down from
lieaven to earth under an infinitely greater disparity.

There was a time when astronomers graduated their

own instruments. Tycho Brahe and Hevelius are said

to have done sa ; but neither the methods used by them,
nor by any of the more ancient astronomers, have come
down to us ; nor perhaps need this, excepting from
mere curiosity, be regretted, if the statement of the

errors of their instruments, given by Sir George Shuck-
VOL. X. P.\RT I. »^ ^<«^

burgh Evelyn (Phil. Tram, for' 1793) be tolerably cor- Original

rect. Sir George says, " With respect to the precision <5^«du»don.

of astronomical instruments in general, I may notice, ,, " ' ,"7,

I 1 1 o 1 ..III "^
. .. l'.rrot« uf uio

by the way, that from the time of Hipparchugand I'to- „|,i utrono-
lemy, before and at the commencement of the Christian mical in-

»ra, ta the age of Walther and Copernicus, in the be- 'tnuncn**,

ginning of the Kith century, few observations can bo
depended on to less than live, eight, or perhaps ten
minutes; those of Tycho Brahe, indeed, that princely
promoter of astronomy, to within one minute. The
errors of Hevelius' large sextant of six feet radius, to-

wards the middle of the 17th century, might amount to

1 5 or 20 seconds ; Flamstead's sextant to 1 or 12 se-

conds; and lastly, those of Graham's quadrant, of eight
feet radius, with which Dr Bradley made so many ob-
servations from 1742, might amount to seven or eight
seconds." It should, however, be remarked, that the
above statement, being derived from inspection of the
observations made with the several instruments, exhibits

errors not strictly imputable to graduation ; a part may
have been protluced by other defects in the instruments,
and also by imperfect observation.

Sir George {Phil. Trims, for 1798) examined the er- .

rors of division in several of the old British standard ji^uct^
measures, and compared their length with his own, burgh's
made by Troughton in 1796. The first in his list is comparison

the stiUidard yard of Henry VII. about the year 1490, of standard

which is said to have been taken from the length of the ""s^ure*.

arm of that monarch ; but as history is silent rcs|x;c-ting

this trait of his greatness, it may be presumed that the
surveyors of his Majesty's person took for the pur|)ose

half the distance between the extreme finger ends of
out- stretched hands and arms. Upon this standard the
greatest measured interval exceeds the least, by no less

a quantity than .132 of an inch ; and the whole yard is

.076 of an inch shorter than Sir George's. In the stan-

dard yard of Elizabeth, about 1588, the greatest inter-

val exceeds the least by .185, and the entire yard is

.01 5 longer. For the standard ell of Elizabeth, of the
same date, the greatest difference of intervals is .072,

and the whole length exceeds the modern standard b_\

,0l6 of an inch.

Many of our standard measures bear nosubJivisions,
being simply finished to the length. Of these, nothing
but iheir whole extent could be examineti ; and thi^

was done by Graham in the four following instances.

The yard- bed of Guildhall, about 1600, too long by
.O'yj. Ell-bed of Guildhall, same date, .018 too long.

A standanl belonging to the clock-makers' company,
about 1G71) too short by .028 on 36 inches. And the
standard of the tower of London, about 1720, made by
Rowley, was .004 too long.

Graham's own standard, made by Sisson, in 1742,
with which it is supposed the above comparisons were
made^ was itself examined by Sir George, and found to

be as follows: line E, .00i;i longer, and line Exch.
.0067 shorter, upon 36 inches than his own.
Many of the above measures exhibit miserable work;

a neat hand by doubhng, tripling, &c. a string, and ma-
king notches with a file, would subdivide better. But
it is likely, and indeed the list nidicates as much, that

greater attention was paid to the whole length, than
was done to the intermediate parts ; yet are the yard-
bed of Guildhall, and the standard of the cloek-makers
company, excq)tions, ami differ from each other by no
less than OGofaii inch. Indeed, it seems difficult to

suppose that the makers of those measures did their very
best. It is more probable, that, according to their own
judgment, or that of the times in which they lived, they

2z
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g^, as the ancient astronomers graduated their own in-

!~^ ~ struments,—might not the magistrates of old make their

own standard measures ?

Hevelius, and the astronomers who preceded him,

made their observations without the assistance of tele-

scopes, and the result of the well-known controversy

between Hevelius and Dr Hook speaks highly in fa-

vour of the division of his sector ; for men of science

decided the dispute in favour of the Dantzig astrono-

mer, from the superior accuracy of his observations ;

whereas, had the instruments of Hook been equal in

other respects, the telescopic sights, as is now well

known, must have given him the advantage.

Dr Hook, in his animadversions upon the Machina

Ccekstis of Hevelius, published in l674 the first method

of graduation that has been described. It consisted of

indenting the edge ofan arc by the rotation of a screw

about its axis, in the manner that has since been practised

with success in the dividing engine ; the indentations

themselves stood for the divisions of the instrument,

the angular value of which were to be found by other

means. A screw similar to that which cut the teeth,

was connected with the telescope ; and the number of

teeth, and parts of a tooth, as shewn upon the micro-

meter head of the screw, gave the observed angle.

As the inventor of this method describes no means
for correcting distant divisions, it may fairly be conclu-

ded, that he did not foresee the necessity of anj'. And
his own words bear out this supposition. Dr Hook
entitles it, An pxpUcation of the new way of dividing

:

and says, that (he perfection of hix instrument is in the

way of making the division ; that it excels all the common
ways of division ; and that it docs not at all depend upon

the care and diligence of the instrument-maker, in dividing,

graving, or numbering the divisions, for the same screw

makes it fro?n end to end.

With such screws as may be supposed to have been
in use at that time, their want of truth could have had
no good effect upon the run from end to end of tlie arc

;

yet as the same error would recur at every complete re-

volution, no material miscliief might arise. But it is

evident tliat the parts of a revolution would be affected

by the whole amount of such ciTor. The metliod vras

put in practice by Tompion, Sharp, Rowley, the Due
de Chaulne.s, and perhaps many others ; but in every
recorded instance it completely failed ; and such instru-

ments as bore this graduation, before they could be de-
pended on to any useful degree, were furnished with
hand dividing.

Mr Smeaton seems to ascribe the faihire of Hook's
method to the different resistance wln'ch the different

hardness in parts of the metal presented to the action

of the screw ; and undoubtedly this afforded one source
of error. But we are of opinion, tliat much greater er-

rors arose from the screw not being so sharp at the end
of tlie arc, as it was at the beginning ; and that notch-
ing the screw, in order to prtMluce the full tooth, made
it cut sharper with the preceding edge of the threads in

some parts, and the following edge in others ; a fact

which is mentioned by Troughton as having embarrass-
ed him in racking his engine.

- Both Hook and Hevelius, in their controversy, pre-
tended, in measuring an angle, to come at the exact-
ness of a single second ; but as tliey flourished upon
the verge of an age when most things relative to sci-

ence were taken upon credit, perhaps their works should
not be too severely criticised by those who live at a
time when every thing is trieil by the test of experi-
•ment.

The polar sector of Flamstead, made by Tompion,
with which he made so many observations from 167ti

to l689, bore the screw division ; but its gross errors

obliged Mr F"lamstead himself to perform an original

diagonal graduation upon its limb. It was about the

latter date that a nuiral arc was completed for the royal

observatory, which, under the direction of Flamstead,

was altogether ('onstructed by his assistant Mr Sharp.

This also had the division of Hook, but it does not
appear to have succeeded better than that executed by
Tompion : however. Sharp's instrument was at first

furnished with a diagonal graduation more accurate

than any that had preceded it.

The celebrated astronomer of Denmark, Olaus Roe-
mer, about the year 1715, finished a mural arc. Pro-
bably knowing of the failure of the screw method in

England, he performed his graduation in a very differ-

ent way. Mr Smeaton, in the paper before alluded to,

introduces his account of Roemer's method with the fol-

lowing remark :
" Though it is a very simple problem

by whicli geometricians teach how to divide a given
right line into any number of parts required ; yet it is

still n much more simple thing to set oft' upon a given
right line, from a point given, any number of equal

jjarts required, where the total length is not exactly li-

mited ; for this amounts to nothing more than assum-
ing a convenient opening of the compasses, and be-
ginning at the given point, to set oft" tlie opening of
tlie compasses as many times in succession, as there

are equal parts required ; which process is as ap-
plicable to the arch of a circle, as it is to a right line.

Of this simple principle Roemcr endeavoured to avail

himself.'' To this end he took two finely )X)intcd pieces

of steel, and bound them firmly together at a distance

which, as nearly as he could calculate, would give him
divisions upon his arc of 10' each. This contrivance

was to avoid the spring of long-legged compasses, and
was, for the purpose intended, much better than the

best spring-dividers of tlie present day. With this dis-

tance between the points of the tool, set off in succes-

sion 450 times, Roemer divided his arc of 75°. This

way of dividing has appropriately been denominated
stepping, and Hook's can be considered in no other

light. Neither of them could give exactness in the to-

tal arc, even within moderate limits ; but this defect,

great as it is, would have been amply compensated for,

had they secured the grand desitleratum of equal parts.

Smeaton is of opinion, that of those two metliods. Hook's
is the best, because the screw, in making the teeth, has

hold of several at a time ; and, as far as neighbouring

divisions are contcrncd, it ceriainly is so: but with re-

spect to distant ones, as well as general accuracy, we
feel inclinecl to give the preference to Roemer's. The
astronomer of Uraniburg was the first who read off" the

angles observed with instruments, by means of a dou-

ble microscope ,• not indeed by a wire put in motion by
a micrometer screw, as is now done. Instead of this,

10 equidistant parallel lines of single silk were stretch-

ed across the field of view, and being adjusted so as to

fill the space between two of his dots, gave him single

minutes : the seconds were obtained only by estima-

tion.

Soon after the death of Flamstead, the royal obser-

vatory was unfurnished. It has been .said, that his ex-

ecutors demanded a higher price for the instruments

than government thought it right to pay. This was
the more excusable in the latter, as it is probable that

it was in contemplation to procure new ones, in which
case the old ones were intrinsically of no more value

than the materials of which they were composed ; yet it
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is a ))ity tliat those venetable aiul solid records of art

should have leit the spot where they had been so useful

in their day.

Graham undertook, about tlie year l~iio, to construct

for our nation.'il establishment an ei};ht feet nnu-al qua-

drant. Tliis raaprnificent instrument still occupies its

place ; and though great part of a century has elapsed

since its erection, it seems not to have suflered at all

irom cither use or time. Its frame is made of iron i

the arc which bears the praduation, as also the telescope

and centre work, are of brass. The contrivance and
execution of the whole are admirable ; but it should be

remembered, that its division alone is applicable to our

present article.

To Graham, in the graduation of this quadrant, has

been ascribed the rejection of the diagonal method ;

but certainly he was not the first ; for Hook antl l{oe-

nier did the same. He has .•dso the credit of being the

first who discontinued the practice of cutting the divi-

sions by the edge of a ruler with the tlividing-knife, in-

stead of which he substituted the beam-compass, Hisi

strokes cut in this way, of course, were circular arcs

;

but as they were short in comparison with the length

of the l)ean(i, the bend was scai'ccly perceptible ; antl as

the resting point was set in a line tliat made a tangent

to the arc where the strokes were cut, the latter would
stand nearly in the direction of the radius. With re-

spect to making divisions with the beam-compass, it

may be doubted whether it was not a practice among
instrument-makers, particularly upon chamfered edges,

before tl»e time that the Greenwich quadrant was fi-

nished ; and we have seen old works that indicated

it. But there was another improvement of much more
importance than either of the above, which was indis-

putably the invention of Graiiam ; that is, the division

of the quadrant into 96', which precludes altogether the

practice of stepping, and has rendered essential service

to astronomy.
Graham's quadrant is described at length in Smith's

Optics, and we have ayailetl ourselves of the process

pursued in its graduation, by copying the following ac-

count from that celebrated work.
" There .are 2 arches struck upon the brass limb

;

one with a radius of 8 feet, or more exactly of 96.85

inches ; and the other with a radius of 95.8 inches.

This inner arch is divided into degrees, and 12th parts

of a degree; and the outward arch into 96 equal pai-ts,

which are severally subdivided into 16" equal parts.

The beam of the compass which struck these arches,

was secured from bending, by several braces fastened

to it ; and when an arch was struck, 60 degrees of it

was detenminctl, by placing one point of the compass at

n, (Fig. 1. Plate CCLXXXH.) and by making a stroke

with the other at b. This arch a b, was bisected in c,

by drawing two small arches upon the centres a and h,

with such a radius as to cross the arch acb, in two
points as near together as possible, without touching
each other ; then the small interval between them
was bisected at c, by estimation of the eye, assisted by
a magnifying glass. After this, the interval between
the points a and c, or c and b, was taken with the
beam compass, and was transferred from b to (/, which
determined the length of the quadrantal ai'ch acbd.
Every one of the tliree arches being bisected in the
same manner, the quadrant became divided into six

equal ji.wts, containing 1 5 degrees a piece ; and every
one of tliese was divided into three equal parts, as
follows. To avoid making any false or superfluous
points in the quadrantal arch, with its radius unaltered,
but upon any other centre, there was struck another

faint arch, upon which the chord of 15 degrees, already Origii»i

found, was transferred from the ({uadrantal arch ; and tiradiuiiow.

tlie thiril jiart of 15 degrees, being (k'tcrniincd by trials T"""^^"^
upon the taint arch, was transferretl biick again upon (;^h»m's
the quadfiuitid arch ; wiiich then was divided into 18 method of

e(|ual ])art8, containing 5 degrees a piece ; and the 5th Kradoattng

pai-t of these was i'ound by trials, as before, in divicUng ''•'"l"*-

a separate arch, drawn upon a new centre for this pur-
'"*'"-

jjose only. The subdivisions of the degrees into 12
equal parts, were made by bisections and trisections, as

before. Thus was the whole quadrant divided witliout

any false or superfluous points. •

The outward quadrantal arch was divided into pG
equal parts, by no other method than that of bisection,

till tiO degrees, or two thirds of the quadrant, became
divided into G4, and the remaining third into 32 equal

parts, wliich make 96 in the whole. And every one
of these was also divided into 16 equal parts by con-

tinual bisections. These two sorts of divisions are a
check upon each other, being in effect two difi'erent

quadrants ; and the divisions in one being reduced into

the divisions of the other, by a table made for tliat

purpose, they are never found to differ above five or

six seconds in any pUce of the limb, and when they
c\o, the preference ought to be given to the bisected di-

visions, as being determined by a simpler operation.

The divisions hitherto mentioned being only very

fine points in a fine arch a bd, scarce discernible by
the naked eye, it was necessary, as usual, to strike

lines perpendicular to the arch, through every one of

them. But since it is very difficult, and tedious too, to

draw lines exactly through every point hy the edge of

a ruler, the following method was judged more accu-

rate and expeditious. It was proposed then to divide

any other concentric arch, /'/; t, by cross strokes, into

similar piirts to those in the given arch acgehd. Take
a small btara compass, and having once fixed its points

at any convenient interval ; upon tl»e centres e,g, &c.-

being the given points of the divided arch, strike the

small arches/' i, li /.-, &c. cutting the undivided arch in

_/, /(, &c. ; then will the intercepted arches, as /^ h, &c.

be similar to tlie arches e, g, &c. that is, they will sub-

tend the same angles at their common centre o. For
join'mg e f, g h, and Aaoof,oh,oe,og, the triangles

e of, g o It, will be similar and equal to each other

;

every side in one being resjiectively equal to every side

in the other. Therefore, by taking away the common
angle e h, from the equal angles, e of, g k, the

angles cog, fo h, that remain, will also be equal.

If the triangles efo, g ho, itc. be right angled at
/'

and h ; the dividing strokes^'/', h U, Sec. will cut the

quadrantal archy A <, at right angles also, atyand A,

&c."
Bcspecting the means employed by Graliam in the Bemarks on

division of the aic of 90°, there is nothing in them, ex- Graham's

cept what has iJready been noticed, that evinces supe- '»«"'"'•

rior contrivance ; it is to his accurate execution, and
the invention of the continually bisectional arc, tliat he

owes the well-deserved reputation which he holds

among Uiose who have distinguished themselves in the

art of graduating astronomical iiistrumcftts.

Before the time that Bird flourished, there is not a.

word to be found in the history of gradwition about the

dilatation and contraction of metaU in different tempera-

tures ; and it may be supposed, that as Graham made
his quadrant of iron, and the limb of brass, he wiis un-
acquainted with the different expansions of those me-
tals. Our doubts, however, respecting the accuracy of

that instrument, from this circumstance, have been

partly removed by the writer of tliis part of our article



364 GRADUATION.
Original

Craduation.

Bird's me-
thod of

graduatioD.

PlATB
CCLXXXII.
Fig. 2.

having heard Troughton say, that lie had looked at it

witJi an eye to this matter ; that he is of opinion, from
estimating the elasticity ofthose metals at 8 or 10 times

their difference of expansion, in such temperatures as

they are exposed to in the observatory, tliat the iron

will command the brass, and little or no error will en-

sue. The same artist also observes, that as the iron

quadrant has long borne an additional arc of 96°, divi-

ded by Bird, and as there is no proof of its having

changed its figure, since that arc was put on, as the

brass one has certainly done to the amount of 7 or 8 se-

conds, for aught that is known to the contrary, the

iron one may be the better instrument ; but as both of

them are now superseded by the new mural circle, this

question may, perhaps, remain for ever at issue, and its

discussion is now rendered of far less interest than it

would have been 30 years ago.

Graham laid it down as a principle or maxim, " that

it ispossible, practically, to bisect an arch or a right

line, but not to trisect quinquisect, &c." Bird not

only acted upon this maxim, to the full scope of what
had been done by the artist who conceived it, but ex-

tended it even to the division of the arc of 90°. We
will not, however, anticipate the method of Bird,

which is in many respects original and ingenious ; for

every one who dips into these matters, will derive the

most satisfactory information from perusing his own ac-

count of it, as published by order of the Board of Lon-
gitude in 1767, the whole of which is subjoined.

" The following method of dividing astronomical in-

struments, &c. is collected principally from the e.tpe-

rience which I have gained in the space of thirty-four

years ; and, in some parts, from the instructions which
I received from the late Mr Jonathan Sisson.

What I call my own, I have distinguished by Italic

characters. If any other instrument-makers have used
the same method, it is unknown to me ; and shall,

therefore, pay no regard to any pretensions unsupport-
ed by evidence;— I mean, pretensions, without pro-
ducing astronomical instruments superior, or, at least,

equal to those which I have made.
How far the lunar theory hath been improved by the

observations of the late Dr Bradley and Mr Mayer, I

leave to the decision of those who have tried it by ob-
servations, in order to find the longitude at sea, &c. I

cannot help, however, being fully of opinion that a still

more perfect knowledge of the motion of the heavenly
bodies may be obtained by future observations, skilful-

ly made, with accurate instruments.
I have been favoured with so distinguished a mark *

of approbation from the Commissioners of Longitude,
that nothing on my part shall be wanting, that may, in

the least, contribute to so desirable an end :"—So far

the preface.

" It will be sufficient, for my purpose, to make use
of no more lines and arcs than are represented in Fig. 2.

Plate CCLXXXH.
The requisiies for the performance nf Ihis tvork are ns

fiAlow

:

—A .'vale of equal parts, by which the radius may
6t measured to 0.001 of an itich, must be provided. My
teak is 90 inches long, each inch divided into 1 0, conti-
guous to xvhich are mtiius divisions, viz. 10.1 inches di-
vided into 100 equal parts, sheivirg 0.001 of an inch ;
and, by the assistance of a magnifying glass, of one inch
focal length, a third o/ 0.001 mayte''taken ofi'by estima-
tion.

Provide fve beam compasses, to which magnifyivg
glasses, of not more than one inch focal length, should be

applied. Lrl the longest beam be sufficient to draw the

arcs, and measure the ranius ; the '2d, to measure the

chord of 42* 40'; the 3d, to measure the chord of 30";
the Mh, 10° 20'; the 5th, i° 40'; and if a 6th, to mea-
sure 15°, be made use of, so much the belter.

I have, for the sa'kr of a round ?iu7nber, mentioned
above, thai the radius if the mural arc in the Royal Ob-
servatory at Greenwich i<- eightfeet ; but, as I shall here

put down the lengths of the several chords made use of in

the dividing, it ivill be necessary to note the exact radius

in inches and decimal parts.

The radius of the arc ofQO«, at the points, = 95.938
inches,from which thefollowing numbers mere computed,
viz. 496615 inches = chord nf 30",— 25.0448 inches =z

chord o/' 15°— 17.279047 inches, = chord nf 10" 20'—
7.81 186 inches, = cho'd (i/'4° 40', and 69.f^0318 inches,

rz chord of 42° 40'. Having drawn the several arcs,

between which the divisions were to be cut, the radius and
the lengths of the above chords were taken by the beam
compas.ies, wliich. togrther with the scale, were laid upon
the quad) ant, where they remained till ihe next morning,

during which time the do-r of the room was kept locked.

Before sun-rise I i emeasured the radius, which required

some correction ; thf beam being of whiteJir, and the scale

of brass, which probably contracted, while the beam re-

mained unaltered. The other beam compasses also re-

quired correction.

Now the quadrant and scale being nfthe same tempe-

rature, the faint arc b, d, was struck, and, with a very

fine prick-punch, the point n was made. With the

same beam compass, unaltered, I laid off, from a to e,

the chord of 60°, making also a fine point. With the

chord of 300, ae was bisected in c. Now, one point of
the beam compass, containing 60°, was fxed in c ; and
with the other mas marked the point r, or 90°. Next,

with the beam compass, containing 15", was bi.sectrder

in n, or 75°. From n was laid of the chord of 1 0° 20',

andfrom r, 4° 40' ; which two last chordsjoined exactly

in g, being the point of 85° 20'. Now each degree

being to be divided into 12 parts, or every 5', therefore

85 X 12 -}- 4 =: 1024, a number divisible by continual bi'

sections. The last chord computed was 42° 40', with

which ag was bisected ino; ao and o g were bisected

by trials. But whoever undertakes to divide a large qua-

drant, will do well to compute also the chord o/" 21° 20';

butfor this chord atiu of the beam compasses already pro-

vided, which will take in the length, may be used. The

point g being found as above, I proceeded, by continual

bisections, till I had Ihe number required, viz. 1024. To

Jill up the space between g and r, containing 56 divisions,

the chord o/'64 divisions was laid offfrom g towards d,

and divided, like the rest, by continual bisections, as was

alsofrom a towards h. The points 30°, 60°, 75", and 90",

fell in without any sensible inequality.

Here it is necessai-y to mention in what manner the

bisecting and pointing were performed. Having the

chord of 42° 40' in the beam compass, and one point

placed in a, with the other a faint arch of about ^'^ of

an inch in length was made in o. Again, one point of

the beam compass was placed in g, and with the other

the aforesaid faint arch was intersected. Here, as in

all other places, great care was used to make the points

exactly in the arc to be dividetl, and also in the inter-

section.

Gradin

* Bird received the sum of £560, by certificate, from the Commissioners of longitude, for his method of graduation, together *il>i
•list of constructing mural quadrants ; the latter of which was published eoon afterward*
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lipn*! In the following ^)apes, I «hall not only describe the

;rion. farther process in divulinj^ the mural arc in the Royal
~^ Observatory, but endeavour, also, to make the descrip-

tion general.

m. If the chord should be taken a little too long, or too

short, so that the intersection be made on one side or

the other of the arc to be divided, it will not occasion

an inequality, provided the point be made in the mid
XII.

A, upon which the nonius divisions must be divided in Or(({iaftl

points ; n tangent line, as before, intersecting this arc, Gr«diiaUon.

gives the distance of the pomts in the beam-compass. {.""TT'"'"^

Now as the nonius divisions of the arc fK)° subdivide
,(^,4 „f

the divisions ofthe limb of the mural arc atGreenwich to ^rnduxion.

halfa minute, 11 divisions ofthe limb l>eing equal to 10 Plate
upon the nonius plate (a number which only ."i and 2 < fLXXxii.

will divide,) recourse must again be had to compiilolion. ^'i- 2*

die between the two short lines, except at the point of Measure the radius of the arc, and compute the c/mnl of
85° 'AY, tvficre great care must he used in takinp the chordi

from lite scale. Great care must also he used in pointing

intersections in general, being more difficult than a single

line. But here I must not be understood to mean a .tingle

line made by one point of the compass ; for, in all bisec-

tions, the place to be pointed must be laid off from left

to right, and from right to left ; and if any error arises

from an alteration of the beam compass, it will be shewn
double.

In dividing, the points of the beam compass should

never be brought nearer together than two or three

inches, except near tlie ends of the arch or line to be di-

vided ; and there spring-dividers, having round points.

16, or rather 32, (J the nonius divisions ; the quantity of
an arc equal thereto, may be easily had by the Jo/lowing
proportion ; As 10 div. : 5.5' {the number of minutes in

1 1 divisions of the limb) : : S2 div. : 2" 56, the chord of
which must be computed, and token from the scale of
equal parts : But as different subdivisions by the no-
nius may be required, let n = number of nonius divisions,

m = number of minutes taken in by the nonius, b = 16,

32 or 6*, and x=(irc .toughl ; then as n : m : : b : x.

Lay off" with the heam-compass, haviiig the length of
the tangent hrtiveen the jwinls, the point q from e, and
the chord if 32 from q, toxvards the Itfl haml, and divide
by continual bisections, 10 of those divisions, counting

which may be put in and taken out occasionally, will from q to the le/l, will be the points required. As the
best answer the purpose.

The next thing to be considered is, the method of
making the points. The prick-punch, for this purpose,

must be extremely sharp and round, the conical point

to make a pretty acute angle ; and as the points here-

with to be made, should tint exceed 0.001 of an inch,

when linear divisions are to be cut from them, a magni-

fying glass if \ inch focal length should be used ; by
the assistance of which, the impression, or scratch,

made by the points of the beam compass, will be very

conspicuous ; and. if the said impression be not loofaint,

feeling, as well as seeing, mil greatly contribute to make
the points properly.

number of nonius divisions for the 96 arch should al-

ways be 16, 32, &c. I need only mention, that the
extremes may be laid off from the divisions of the limb,
without computation.
Now the place ujxin the chamfered edge of the no-

nius plate, where tlie nonius is to bro'in, may be found
in the following manner. Men.^ure the distance of the

quadrant centre,from the axis of the lelescojK ; this dis-

tancefrom the axis (fthe telescope at the eye- end. wdl he
the place for the first nivision of the nanus, where dram
a faint line from the crntre. The great,T accm iicy

with which this is laid off] the nearer to the axis of the

lube wi/l be the intersection of the wires, in the common
It is scarce necessary to say any thing about the arc focus of the object and eye-glasses.

of 96". I shall only mention, that it contains 1 536 di-

visions ; is to be divi<led into three equal parts, in the

same manner ac the arc of 90°. Each third contains

512 divisions ; which number is divisible continually

by 2, and gives Ifj in each 96th part of the whole arc.

This arc of ()6. (so far as I know,) was first applied

to the iron quadrant in the Royal Observatory, in the

year 1725, by my late worthy friend, Mr George
Graham. It was not only a severe check upon that

great mechanic, but will be so to all others, who divide

the two arcs, upon one and the same instrument; yet,

if the above instructions be strictly followed, the agree-

ment between the two will be surprising, and difler

very little from the truth.

The next step is to cut the linear divisions from the

points. The best instrument for this purpose is the

beam compa.'-s, having both its points conical, and very

sharp. Draw a tangent to the arc h d, suppose at e, it

will intersect the arc x 1/ in q ; this will be the distance

between the points of the beam compass to cut the di-

visions (nearly at right angles to the arc b d.)

Lodge that point of the beam compass next your right

hand, tn the point r ; let the other fall freely irtto the

arc, X y ; press gently with your finger upon the screw-

head, which fastens the socket (this screw- head must be
convex, and right over the point;) and, with the point

towards the right hand, cut the divisions.—In this man-
ner you must proceed with the rest.

Having finished the divisions of the limb, the nonius
divisions are next to be divided. Chuse any part of the
arch, where there is a coincidence of the 90 and 96
arches, which let be at e : Draw the faint arcs j I

and t k, which may be continued to any length towards

I will suppose that no instrument-maker will fix to
the telescope the nonius, and centre- plates, without
steady.pins, as well as screws. Screw the centre-plate

of the telescope very fast : put the nonius plate upon
the steady-pins, without screws, and put the telescope

upon the quadrant : make fast the nonius plate to the
arch with two pair of hand-vices, and take the tele-

scope away. Now with one point ofa beam-compass, in

the centre of the quadrant, and the other at the middle of
the nonius plate, draw a faint arch from end to end

:

Where this arch cuts the faint line before-mentioned,

make afne point : From this point lay iff on each side

another, tvhich may be at any distance in the arch , only

care must be taken, that they be equally distant from the

middle point: From the two last make a faint intersec-

tion as near as po.isiblc to either of the chamfered edgex

of the nonius plate : Through tliis intersection, thefirst

divi.Hon of the nonius must be cut.

Put the telescope again upon tlie centre of the qua-
drant, the steady-pins into the nonius plate as before

;

unscrew the hand-vices, and bring the last-mentioned in-

tersection to e or 60° upon the limb, wherefasten it again
with the hand vices, and lake away the telescope. Now,
from the point before divide<l, the nonius divisions

must be cut ; by lodging the left hand point of the
beam-compass in the point upon the arch, and cutting
with the right.

I lere great care must be taken, to cut the first divi-

sion of the nonius through the point of intersection ;

which may be done by altering the distance of the
points in the beam-ccmpass, if necessary : This will

not sensibly affect the perpendicularity of the divisions,

provided the intersection be placed very near to e, or 60*.
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(iraduation. arc, take up tlie plate, polish off the bur, and fasten it

'—'V"' to the limb, as before ; but here great care must be

taken to make the first division of the nonius coincide

with the 60th deg. so as to appear one line ; and the

nonius of the 96 arc may be cut in the same manner,

making the first division coincide with 64 =60° upon

the limb.

Now, take up the plate, and draw a tangent at the

point in thefaint arc in the middle of the nonius plate ;

and with a distance about a quai'ter of an inch longer

than the nonius, lay off from the tangent point anotlier

in the tangent line ; also lay off this distance from the

centre of the collar at the object end of the telescope,

and make a fine point : Then extend the beam-compass

nearly the whole length of the nonius, or centre plate

(which should reach, at least, half an inch beyond the

telescope, on the contrary side), and lay off other points

in the tangent line before mentioned, and in a line

passing through the centre of the qoackant, at right

angles to the telescope.

Now screw the two plates to the telescope, and draw
Imes by the edge of a steel ruler through the correspon-

dent points, to which lines the plates must be carefully

filed. Tlien the ends of the plates will be in hnes pa-

rallel to each other, and to the axis of the tube, wliich

affords an excellent mechanical method of finding the

line of coUimation of the telescope.

The apparatus used for this purpose by the late Mr
Graham, was a box equal in length to the telescope,

having deep sides, to prevent its bending by its own
weight. The ends were of hard wood. Instead of
which, I use two flat pieces of brass, which I can move

according to different lengths required ; and by the lielp

ofa small spirit-level, these pieces (fbrass maij be fixed in

one and the same plane. This apparatus should stand

firm upon the ground, where a distant and distinct ob-

ject can be seen. Rest the ends of the nonius and cen-

tre plates upon the two pieces of brass, and observe

what point of the object is cut at the intersection of the

horizontal and vertical wires. Invert the telescope,

and if the horizontal wire does not cut the same point

of the object, it must be altered by the screws for that

purpose, half the difference. By repeating this, you
may approximate extremely near the truth.

In the middle, between the 90 and 96 arches of the

mural quadrant, in the royal observatory, is an arch of

points (96), which are used with a silver wire, of about
ti'JO in an inch, carried by a small frame, screwed to the

end of the nonius plate. When the wire, in an obser-

vation, falls between two points, it must, by the micro-
meter screw, be made to bisect the nearest point to the

left hand, the instrnment shewing the zenith distance

;

and the minutes and seconds shewn by the micrometer
added. If the next point to the right hand be bisected,

the minutes and seconds must be subtracted. This arch

of points was divided in every respect like the other

arch of 96.

Having gone through the whole process of dividing

the mural arc, &c. it will be necessary to shew some rea-

sons why this kind ofmanagement hath succeeded better

than any other, as far as I either know or have heard,

of three or four persons in the room mayproduce the same
effect as the sun, I never admit more than otic as an as-

sistant. Neither must any Jlre be suffered in the room,
^

till the principal poirUs are done.

The above being understood, it ii;as easy to conceive,

that, having all the chords before-mentioned computed and
measured, the evening before they were to be laid off, I
should be enabled to perform in a fen minutes, what by
trials would require some hours ; and as too much cau-

tion cannot he used, it is proper to lay off'the principal

points before sun-rise, or else chiise a cloudy morning.

The method of cutting the divisions as described above,

is to prevent any inequality that would arise from the cx«
pansion of the beam compass by the heat of the hands, es-

pecially if the beam be of metal. Wooden beams will

also alter, probably from a small bending ; but in this

method, if the beam should alter y^. of an inch or more, it

•would not cause any sensible inequality. As the points

of the nonius divisions cannot be divided upon tlie no-
nius plate without inconvenience, it is best to use the
method formerly described, holding the beam compass
a small while in the luind previous to the cutting. The
points being but few in number, the divisions may be
cut, before any expansion can sensibly take effect.

Sextants, or octants, for observing the distance of the
moon from the fixed stars, should be divided by the
foregoing method, great accuracy being required. If
instead of dividing sextants to every 20' upon the limb,

as is commonly done, they should be divided to 15', a chord

of 64° might be laid off', and divided by continual bisec-

tions. This would, in some measure, crowd the limb
with divisions ; but it would shorten the nonius; for

15, instead of 20, would shew one minute.

In dividing eitlier arches or straight lines, a number
(which will divide continually by 2) greater than is re-

quired upon the arc or line, is the best to begin with,

and may be used in dividing a circle, by laying off the

chord of the difference. Suppose it was required to di-

vide a circle into 54 equal parts, it would be 64—54=3
10=10° 30' ; the chord of which laid off must be add-
ed to 360", and it will be seO'-t-lO" 30', to be divided

into 64 equal parts, 54 ofwhich will complete the circle.

If the arc of 10' 30' be laid off from a dividing plate,

it will answer the same purpose.

Analogous to theforegoing method, my scale of equal
parts tvas divided. I took V^' of an inch in a beam
compass, laid the scale which I took it from, the brass

scale to be divided, and the beam compass in a room fa-
cing the north, xuhere they lay the whole night. Early
next morning, after correcting the lengths, the above y^
were laid off three times (the brass being long enough
to take it in) ; then, having in other compasses 256",

128, and 64, I bisected the three spaces of .512 with all

the expedition I could. Having now only 64 inches in

the last beam compass, any partial or unequal expan-
sion was not to be feared ; therefore worked by conti-

nual bisections till I had done. The linear divisions

?vere cutfrom the points with a beam compass, as before

described.

The nonius divisions of this scale contains '-,?^ of an
inch, which were divided into 100 in the following

manner : As 100 : 101 : : 256 : 258.56 tenths ofan inch.

Oripf
Gradui \

Afier I hadfound by experience, that the expansion of the integer in this case being ^'5. Suppose the scale to be
the instruments to be divided, occasioned by the increasing
heat of the sun, or a conlraction by a decrease thereof,

i»as the grand difficulty xvith which fluid to struggle, espe-

cially ivhen two or three hours were required to^lay offthe

principal points ; I immediately set about contriving how
to lay them offin the least time possible, i. e. before any ex-

pansion or contraction could lake place ; and as the heat

5

numbered at every inch from left to right ; then exact-

ly against ~^, to the left of 0, was made a fine point,

from xvhich roas laid off'258.56 to the right hand. This
was taken from a scale 3 feet in length, which was divi-

ded after the common method ; but the error was so

small as to vanish at the other extremity of the nonius,

when divided continually by 2.
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^\"ll0cve^ undertakes to divide a scale of the above

kind, not bcinj; liirnishcd with one lonpr enowj;:h to lay

oH" 25H.r>6, mai/ take ^^„' frnm l/ial before him, to tvhich

he mny add 8.5(5 taken from a diagonal scale, that may
be made at a small c.vpeiice.

To prove the expedience of the above methods of di-

viding astronomical instnnne-nts, &c. I need only to

mention the followinji particulars, taken from the Nau-
tical Almanac for this present year 1767, page 152.

" Mr Mayer made his observations with his six-foot

mural arch, from the year 1756 to the time of his de-

cease : with it he settled the mean obliquity of the

ecliptic, to the beginning of the year 1 756, at 23" 28'

16" ; which Dr Bradley settled by liis observations,

made in the years 1750 and 1751, at 23° 28' 18". The
difference is agreeable to what ought to arise from the

gradual diminution of the obliquity of the ecliptic at

the rate of about ^ a second in a year," &c. That two
different observers, with instruments of different radii,

and in difTcrent parts of Europe, should so nearly agree,

is matter of no small asionishment, and suflieienvly

proves, that a mean of several observations, made by
good observers, with accurate instruments, properly ad-

justed, will always lead us either to the truth itself, or

extremely near to it.

, Excepting the means of rendering the comnion sub-

division of the circle bisectional, and his care in avoid-

ing errors from expansion. Bird's method of cutting the

strokes was its most important deviation from the prac-

tice of Graham. The latter made his dots in the tan-

gential line, which supported the resting point of the

compass, while the other point, at a considerable dis-

tance, traced the divisions. Bird, by making his dots

extremely near to the outer ends of the strokes, and
resting the point in an undivided tangential line, avoid-

ed any error that might arise from an alteration of the

length of the beam duringthe operation, which was a

serious objection to Gniiiam's way of procee<ling. We
should, however, have been afraid that the renting point,

on being simply dropped into the line, ancUiaving ap-

parently nothing to hold it tliere, might nhve been in

danger of slipping, did not we know that artists them-
selves, provided the metal be sound, are apprehensive

of little or no error on this accoimt.

55oon after the publication of Bird's method, that of

the Duke dc Chaulncs' made its appearance, which has

in the preceding Section been noticed as applicable toa
dividing engine. He was the first who employe<l

double microscopes in the graduation of the circle ; a

practice which, in the hands of others, tlie Duke's work,

known or unknown to them, has essentially improved
the art. There arc also two more peculiarities in De
Chaulnes' method, that deserve to be noticed. One is

its being purely visual. The wJiolc is done by the eye,

except cutting the real divi.sions; andeven this, to prevent

the errors ofthe hand, is performed by machinery. The
other is, that, to avoid superfluous marks upon the limb,

he had provided, ready for his purpose, a competent
number of thin pieces of brass, about one-third of an
inch long, and one-sixth broad, with a fine line upon
the surface of each, drawn peqiendicular to its length.

To make these pieces adhere to the surface that was to

receive the divisions, their under planes were thinly

coated with wax, and thereby made capable of being
easily adjusted to their places, and of retaining tliat

position until the divisions repcesented by them were
inserted.

The circle to be divided moves round horizontally
upon a vertical axis, within a strong frame of wood, to

which tlie microscopes are fixed, and applicable to any Original

p.-.rtofit. •'o«a-.««.

The first step is to bisect the circle. To this end one ^^ j~
of the brass pieces is to be made fast with screws, at the j^. (;i„ul-

place which is intended to be zero, the line upon itssur- ne«' nwiho'l

face being directed towards the centre. A microscope is of fiiadua-

affixed to the frame, with its radial wire coincident with ''<"'•

the line, and its cross one a tangent to the circle. Another
microscope is secured on the frame, by estiniation or any
better way, diametrically u)>posite to the first, and one
of the waxed pieces placed unrlcr it, sotliat the line and
wires may have to each other, and to the circle, the

same relation as above. Let the circle be turned half

round within the frame, so as to bring the zero line co-

incident with the radial wire of the other roicrascopc.

If now the line of the waxeil piece be found exactly un-

der the wire of the first microscope, it is evident that ,

the circle is bisected ; but as this can hardly happen in

the first instance, the appjirent error must be corrected

one half, by sliding the waxed piece towards tlie wire,

.-ind the other half by moving the microscope to it. The
circle must again be turned half rountl, to verify the cor-

rection, or, if necessary, to afford means for a second

correction, and the operation repeated until the lines

exactly coincide with the wires in both positions of the

circle. This being done, the microscope which lias

under it the zero piece sliould be regarded a.s fixed, and
let its name be A ; the other, which we will call B, is

to be taken off, and reserved for future use. In the

room of B there is to be fixetl the tracer or cutting

point, so that if the piece were taken olf, which it

must not be, the tracer would cut a line exactly in its

place, or diametrically opposite to the zero line. By
this contrivance, it becomes necessary only to divide

half the circle ; for if the divisions of ona semicircle are

brought successively to the wire ofA, the tracer will cut

their opposites in the other.

The second step i» to trisect the semicircle, which is

to be done by two more of the adjustable pieces, and
the two microscopes. With sera under A, place B as

nearly at an angle of 60" from it as can be tlone by es-

timation or otiierwise, and put a waxed piece under it;

move back the circle so as to bring the waxed piece to

A, and put another under B ; again move the circle so

as to bring tha second piece under A, when, if B should

happen to coincide with the line opposite to zero, the

thing is done ; but if not, as most likely will be the

case, then B must be moved towards tlie line one-third

of tlie quantity of apparent error, and the operation re-

peated, as was done for bisecting the circle. The third

step is to bisect the three equal arcs of the semicircle,

which is done by similar means; and at the fourth step by
which those last are trisected, arcs of 10° are obtained.

The Duke de Chaulnes' microscopes could not be
brought near enough to each other to bisect the arcs of
10' ; he therefore had recourse to tliat of J)°, which he
found and used in tlie following manner. He obtained

it by taking ten steps with nine additional waxed pieces

for each of the two quadrants, which he brought to

their places by frequent trial and adjustment. With
tills opening between the microscopes, from the tens he

set oft" all the nines forwards, and all the ones back-

wards. He then resumed the former opening of 1 0" ;

and as the operation for ascertaining the arc of 9'^ had
left a waxed piece in every interval of 10', which would
in their respective places represent 8°, 7°, 6°, &c. to 2"

in each quadrant, with the opening of 10° from eight,

he set of all the eights, from seven he set off all the

sevens, &c. and in this manner put in every single de-

gree of the semicircle.
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As all the waxed pieces had their opposites cut in the

other, it v.as not necessary to iiave 1^0 of them; for

The [)uke
'* '^ evident from the mode of procedure, that atlter the

dc chaul- ones and nines had been put in, neither these nor the

nes' method tens could be wanted. The semicircle of trial has yet
of gradua- upon it no divisions, and how (the waxed pieces being
"*•"• removed) it was divided from the other, has already

been mentioned.

It is observed, that when a circle is large enough to

allow the microscopes to come so near each other as to

bisect the arc of 10°, the numbers four and five may
with advantage be substituted for nine and ten ; and
when half degrees are required, it is proposed to bi-

sect the arc of 15", and with this opening to put in all

the half degrees.

To subdivide the degree into five-minute spaces, the

Duke de Chaulnes proposes to mount a telescope with a

vertical wire in its focus, upon the centre arbor of the

circle, so that it may either revolve with the circle, or

concentric to it by itself, as the case may require ; and
let a long beam of wood be provided, accurately divid-

ed into 12 equal parts, and placed at such a distance as

to subtend an angle of one degree ; a thin piece of brass

is to be fixed upon the circle under the tracer; and as the

telescope and circle are turned round^together, and the

wire made successively to coincide with the divisions of
the beam, the corresponding strokes are to be drawn
upon the piece of brass: and lastly this piece is to be pla-

ced under the fixed microscope, in order that by means
of it and the tracer, every degree may be filled up.

The ingenious inventor of the above method, like

those who preceded Bird, has made no provision against

the errors arising from expansion ; indeed, his tracer

being fixed opposite to the point of trial, subjects his

work to the greatest possible error in that respect ; and
under this disadvantage, his division of the first semi-
circle is no more than a copy of the wax-work ; and,
again, the second semicircle is, under the same disad-

vantage, a copy from the first.

The method of Hindley having been in part com-
municated to Smeaton in 17-11, and fully in 174-8,

might in our article have preceded some of the me-
thods already noticed, but as he received it under the
seal of secrecy, it was unknown to the public until

1785, in which year Mr Smeaton's paper, before re-

fen-ed to, concerning it, was read to the Royal So-
ciety.

Smeaton introduces this method under the full per-
suasion that vision, even when assisted by glasses, can-
not command a greater degree of accuracy than to the
4000th part of an inch ; and maintains, that by con-
tact, the 6'0,000th becomes equally sensible. Were this

true, and contact applicable to the graduation of instru-

ments without drawback, a fine field of improvement
would have been opened to the artist through the paper
under consideration.

Mr Smeaton says, " It now comes to be time to open
a principle, upon which there is a prospect of effecting
such an improvement. I have shewn that a 40(X)th
part of an inch is the ultimatum that we are to expect
from sight, though aided by glasses, when observing
the divisions of an instrument. But in the 48th vo-
lume of the P/iilowpfncal Transactions, (p. 149 of this
volume), I have shewn the mechanism of a new py-
rometer, and experiments made therewith ; whereby it

appears, that, upon the principle of contact, a 24,000th
part of an inch is a very definite quantity. I remem-
ber very well that I did not then go to the extent of
what I might liave asserted, being willing to keep with-
in the bounds of credibility ; but on occasion of the

Hindley's

mailiod of

graduation.

present subject, I have re-examined this instrument,
and find myself very well authorised to say, that a
60,000th part of an inch, with such an instrument, is

a more definite and certain quantity than a 4000th part
of an inch is to the sight, conditioned as above speci-
fied. The certainty of contact is, therefore, fifteen

times greater than that of vision, when applied to the
divisions of an instrument : and if this pruiciple of cer-
tainty in contact did not take place, even mucli beyond
the limit I have now assigned, we never should have
seen those exquisite mirrors for reflecting telescopes that
have already been produced.

These reflections apply immediately to my present
subject, as Hindley's method of division proceeds whol-
ly by contact, and that of the firmest kind ; there being
scarcely need of magnifying glasses in .any part of the
operation.

In the year 1 748, I came to settle in London ; and
the first employment I met with was that of making
philosophical instruments and apparatus. In this si-

tuation, my friend Hindley, from a principle the re-

verse of jealousy, fully communicated to me, by letter,

his method of division ; and though I was enjoined se-

crecy respecting others, (for the reasons already men-
tioned), yet the communication was expressly made
with an intention that I might apply it to my own pur-
poses.

The following are extracts from two letters, which
contain the whole of what related to this subject ; and
since I have many things to observe thereon, so that

the paraphrase would be much greater than the text,

I think it best not to interrupt the description with any
commentary, as perhaps his own mode of expression

will more briefly and happily convey the general idea

of the work, than any I can use instead of it.

" My Dear Friend, " York, 1 4th Nov. 1 748.
" As to what you was mentioning about my brothers

knowing how I divided my engine plate, I will describe

it as well .is I can myself; but you will want a good
many things to go through with it. The manner is

this : first choose the largest number you want, and
then choose a long plate of thin brass ; mine was about
one inch in breadth, and eight feet in length, which I

bent like a hoop for a hogshead, and soldered the ends
together, and turned it of equal thickness, upon a block
of smooth-grained wood, upon my great lathe in the
air, (that is, upon the end of the mandrel); one side of
the hoop must be rather wider than the other, that it

may fit the better to the block, which
will be a short piece of a cone of a

large diameter: when the hoop was
turned, I took it off, cut, and openetl

it straight again.

The next step was to have a piece of

steel bended into the form as jier mar-
gin ; which had two small holes bored
in it, of equal bigness, one to receive

a small pin, and the other a drill of

equal size. I ground the holes after

they were hardened, to make them
round and smooth. The chaps formed
by this steel plate were as near together

as just to let the long plate through.
Being open at one end, the chaps so

formed would spring a little, and would
press the long plate close, by setting in

the vise. Then I put the long plate

to a right angle to the length of the steel chaps, and bored
one hole through the long plate, into which I put tire
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small pin ; then bored through the other hole ; and by
moving the steel clians a hole forward, and putting in

the pin in the last hole, I proceeded till I had divided

the whole length of tiie plate.

The next thing was to make this into a circle again.

After the plate was cut off at the end of the intended

number, I then proceeded to join the ends, which I

did thus : I bored two naiTow short brass plates, as I did

the long one, and put one on the inside, and the other

on the outside of tiie hoop, whose ends were brought

together ; nnd put two or three turned screw pins, with

flat head antl nuts to them, into each end, which held

them together till I rivetted two little plates, one on
each side of the narrow plate, on the outside of the

hoop Then I took out the screws, an<l turnetl my
block down, till the hoop would fit close on ; and by
that means my right line was made into an equal di-

vided circle of what number I pleased.

The engine plate was fixed on the face of the block,

with a steel hole fixed before it, to bore through ; and
I had a point that would fall into the holes of the divi-

ded hoop ; so by cutting shorter, and turning the block

less, I got all the numbers on my plate.

I need not tell you, that you get as many prime
numbers as you please ; nor that the distance of the

holes in tlie steel chaps must be proportioned to the

length of tlie hoop.

You may ask my brother what he knows about my
method of dividing ; but need not tell him what I have
said about it; for I think neither he nor John Smith
knows so much as I have told you, though I believe

they got some knowledge of it in general terms. I de-

sire you to keep the method of dividing to yourself,

and conclude with my best wishes. And am, dear sir,

yours, &«. Henry Hindley.

Though the above letter was in itself very clear and
explicit as to the general traces of the method, yet

some doubts occurring to nie, a farther explanation be-

came necessary. A copy of my letter not being pre-

served, the purport of it may be inferred from the an-

swer, which was as follows :

Dear Friend, For*, 13//j Morc/i, 1748-9.

I think, in your last, j-ou seem to be
apprehensive of some difficulties in drilling the hoop
for dividing : First, that the centre of the hole in the

hoop might not be precisely in the centre of the hole

of the steel chaps it was drilled in ; but if I described

fully to you the method I used, I can see no danger of
error there ; for my chaps were very thick, and the two
corresponding holes were a little conical, and ground
with a steel pin; first one pair, and then the other, al-

ternately, till the pin would go the same depth into

each. Then for drilling the hoop, I took any common
drill that would pass through and bore tlie hole. After
that I took a five-sided broach, which opened the hole
in the brass betwixt the steel chaps, but would not
touch the steel ; so, consequently, the centre of the
holes in the brass must be concentric with the holes in

the chaps ; and for alterations by air, heat, cold, &c.
1 was not above two or three hoiu-s in drilling a row of
holes, as far as I remember.

idly. For drilling, in a right line, I had a thin brass
plate, fastened between the steel chaps, for the edge of
the hoop to bear against, whilst I thrust it forward from
hole to hole. What you propose of an iron frame with
a lead outside, will be better than my wooden block

;

but considering the little time that past betwixt trans-
VOL. X. PART I.

ferring tl»e divisions of the hoop to the divisions of my OriRinsJ

dividing plate, I did not suffer much that way. It G""<"»"<>" •

was when I drilled the holes in my dividing plate that ^"^ ~'

I used a frame for drilling, which had one part of it

that had a steel hole ; that in lying upon the plane of
the dividing plate, was fixed fast in \U place for the

point of tho drill to pass through ; then, at the length

of the drill, there was another piece o( steel, witn a

hole in it, to receive the other end of the drill to keep
it at right angles to the plane of the plate. This, piece

was a spring, which bended at the end, where it was
fastened to the frame of the lathe, at about 1 8 inches

from the end of the drill ; so it pushed the tirill through
with any given force the drill would bear; and though
that entl of the drill moved in the arch of a circle, it

was a very small part of it, being no more than equal to

the thickness of the dividing plate. My goo<l wishes.

Conclude me yours. Hen. Hindley.

Nothing ever surpassed in originality the method de- ncmarks •
scribed in the above letters, which is in no respect iiindley't

like any other. There is not a tool employed in it, ex- method of

cept the lathe, but what may either be found in the dividing,

shop of the most common worker in metals, or made
by him. It is, however, like Hook's and Roemer's, a

system of uncontrouUed stepping ; and, like theirs, if

only applied to an arc, would have ended in the same
uncertainty ; but being extended to the whole circle,

it secures the intended number of divisions, and closes

without a remainder, which is what theirs never could

have done.

To avoid errors occasioned by expansion, which
Hindley seems not to have been awaie of, Smeaton
recommends that the work should be done when the

air is of a moderate temperature; and that, to prevent

tlie materials from being heated, it should be carried

on at short intervals ; but his chief improvement was di-

rected to correct the effect of long continued stepping.

Mr Smeaton would divide his circle into 1 440 parts, or m, Smsa.
quarters of a degree. To effect the correction last men- ton's mt-

tioned, two pieces of brass must be provided, in every thofl of di-

respect like that which is to be the hoop, except that "^"B*

they need not be longer than is required to contain 30°
;

these pieces, which are calle<l straps, he would drill in

the manner that Hindley prescribes, and it should be
mentioned, that the first hole in each must be made in

a short piece of hardened steel, which in the first in-

stance had been soldered to the ends of the straps. For
the purpose of obtaining the total length, the straps

are drilled from end tQ end ; but no more tlian the

first, middle, and last holes are used. The zero hole

being made in the long, or hoop-piece, the middle holes

of the straps are to be pinned to it on opposite sides,

and the steel pieces directed forwards ; tlie three pieces

extended in a right line are to be pressed together, and
the 60th hole in the hoop-piece bored coincident with

those of the straps. The straps are now taken off, and
tlie 59 intermediate holes drilled by means of the chaps

only. Again, the extreme lioles of the straps are to

be pinned to the zero holes of the hoop-piece, antl ar-

ranged as before, when the 120th hole of the latter is to

be bored agreeable to the steel holes in the former ; and
recourse again had to the chaps for the next 59 holes.

As the process described above fills up as much of the

hoop-piece as is equal to 30", eleven similar double
operations will complete the whole length ; and, jw

Smeaton observes, protluce 12 master checks, and 12

subordinate ones. The next thing to be done is to

fasten the ends of the long piece together, so as to form

•S A
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Original it into a hoop, by pressing it upon the edge of a chock,
Graduation, as directed by Hindley.
'^^^i'"^^ Farther than this, Smeaton's paper cannot be consi-

dered as describing an original method of graduation,

the remainder being directed to the forming it into an

engine, of which, in its proper place, we declined gi-

ving a description, and here it would be inapplicable.

We may however observe, that Smeaton has improved
upon Hindley in every part, with his usual ingenuity

and ability; and provided the foundation were good, so

would be the superstructure. Smeaton was no advocate

for large astronomical instruments, and therefore would
have an engine constructed of sufficient magnitude to

graduate any that ought to be made.
Mr Smeaton's paper was not well received by the

instrument makers; but he predicted, that when half

a century had worn off the prejudice against it, the

method would be adopted and improved to the advan-

tage of astronomy. IBut as Mr Troughton, in a paper

to be noticed hereafter, ventures to make a guite con-

trary prediction concerning it, and gives his reasons

for it ; we decline entering into the question.

Considering the celebrity of Mr Ramsden, his long

career and extensive practice in making instruments

that required the nicest graduation, we have in this de-

partment of our article comparatively little to say of

him. Excepting the descriptions of his engines, we
believe he never wrote upon the subject ; nor has any
one else, so far as we know, described how he proceed-

ed. Troughton has indeed pointed out the manner in

which he adjusted erroneous dots to their places ; a

practice which it is said was suggested to Ramsden by
the adjustable waxed pieces of the Due de Chaulnes.

A pupil of Ramsden informs us, that in an early part

of his practice he had used the scale of equal parts,

agreeably to the manner of Bird, but that he soon
aljandoned it ; and that he had often varied his appa-
ratus and method. At what time the method of co.ix-

ing, as it is called, was first applied in the works of

Ramsden, is perhaps known to no one except Mr
Berge: this artist, who at his death succeeded him,
had long been his able and indefatigable assistant, and
in the graduation of instruments had honoured the name
of his employer,

" By patient touches of unwearied art."

fhat the coaxing could not have been in practice so

early as the time when the dividing engine was made,
may be infen-ed from the circumstance, that the de-
scription of the engine was given in upon oath, and no-
thing said about it.

For many years previous to the publication of the

following method by Troughton, the art of graduation
had been carried on in secrecy and silence ; every ar-

tist had, or pretended to have a method of his own, of
which astronomers could only judge, perhaps indeed
the best way, by the comparative exactness of the
work that came fVom their hands. Mr Troughton's
paper was read to the Royal Society in February 1809,
and appeared in the first part of the volume of tlie

Pliil. Trans, for that year. * It contains not only an ac-

count of a method invented by himself, and which he
had successfully practised for many years, but also re-

marks upon other methods, which had been, or were then
in use. To abridge this work, after giving Bird's at

length, is what we will not attempt ; for we think our
readers may not be displeased to see Troughton's ideas

upon the subject in general, expressed in his own way ; Origii

we thereforegive the whole, notwithstanding a few firadua

repetitions, that will thus be introduced into our ar-
^""^

tide.

" It would ill become me, in addressing myself to

the members of this Society upon a subject which they

are so well enabled to appreciate, to arrogate to myself
more than may be assigned as my due, for whatever of
success may have been the result of ray long continued
endeavours, exerted in prosecuting towards perfection

the dividing of inslrumcnls immediately subservient to the

purposes of astronomy . A man very naturally will set

a value upon a thing on which so much of his life has
been expended ; and I shall readily, therefore, be par-
doned for saying, that, considering some attainments
which I have made on this subject as too valuable to be
lost, and being encouraged, also, by the degree of at-

tention which the Royal Society has ever paid to prac-

tical subjects, I feel myself ambitious of presenting

them to the public through what I deem the most re-

spectable channel in the world.

It was as early as the year 1775, being then appren-
tice to my brother, the late Mr John Troughton, that

the art of dividing had become interesting to me ; the

study of astronomy was also new and fascinating; and
I then formed the resolution, to aim at the nicer partii

of my profession.

At the time alluded to, my brother, in the art of di-

viding, was justly considered the rival of Ramsden ;

but he was then almost unknown beyond the narrow
circle of the mathematical and optical instrument Ma-
kers, for whom he was chiefly occupied in the division,

by hand, of small astronomical quadrants, and Hadley's

sextants of large radius. Notwithstanding my own em-
ployment at that time was of a much inferior nature,

yet I closely inspected his work, and tried, at leisure

hours, on waste materials, to imitate it. With as steady

a hand, and as good an eye, as young men generally

have, I was much disappointed at finding, that, after

having made two points, neat and small, to my liking,

I could not bisect the distance between them, without

enlarging, displacing, or deforming them witli the

points of the compasses. This circumstance gave me
an early dislike to the tools then in use ; and occasion-

ed me the more uneasiness, as I foresaw, that it was an

evil which no practice, care, or habit, could entirely

cure;—beam-compasses, spring-dividers, and a scale of

equal parts, in short, appeared to me little better than

so many sources of mischief.

I had already acquired a good share of dexterity as a

general workman. Of the different branches of our

art, that of turning alone seemed to me to border on

perfection. This juvenile conceit, fallacious as I after-

wards found it, furnislied the first train of thoughts

which led to the method about to be described ; for it

occurred to me, that if I could, by any means, apply

the principle of turning to the art of dividing instru-

ments, the tools liable to objection might be disjjensed

witli. The means of doing this were first suggested by
seeing the action of llie perambulatori or measurii>g

wheel; the surface of the Earth presenting itself as the

edge of the instrument to be divided, and the wheel of

the perambulator as a narrow roller acting on that

edge ; and hence arose an idea, that some easy contri-

vance might be devise<l, for marking off the revolutions

and parts of the roller upon the instrument. Since the

year above-mentioned, several persons have proposed to
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Tlic Royal Society Tolcd to Mr Troughton the guld medal en Sir Godfrey Copley's Donation, for his valuable Paper.— Es.
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me, as new, dividinpr by the roller, and I have been

told, that it ul.-o otfnrred long ago to Hook, Sisson,

and otliers ; but, as Mutton on watdi-niaking say?, " I

do not consi<ltT the nmn an inventor, wiio merely

thinks of a thing. To be an inventor, in my opinion,

he must act successfully upon the thought so as to

make it useful.'' I hud no occasion, however, to have

made an apology for acting upon a thought, which,

unknown to me, Jiad l)cen previously conceived by
others ; for it will be seen in the sequel, how little the

roller ha« to ilo in the result, and with what extreme
caution it is found necessary to employ it.

When a roller is properly proportionetl to the radius

of the circle to be divided, and, with its edge, made a

small matter conical, so that one side may be too great,

and the other side too little, it may be adjusted so ex-

actly, that it may be carried several times around the

circle, without the error of a single second ; and it acts

wit!i so much steadiness, that it may not unaptly be

considered as a wheel and pinion of indefinitely high

numbers. Vet, such is the hnperfection of the edges

of the circle and roller, that, when worked with the

greatest care, the intermediate parts, on a radius of two
feet, will sometimes be unequal to the value of half a

minute or more. After having found tlie terminating

point of a quadrant or circle so permanent, although I

wiis not prepared to expect perfect equality throughout,

yet I was much mortified to find the errors so great, at

least ten times as much as I exjjected ; which fact indi-

cated, beyond a doubt, that if the roller is to be trusted

at al', it must only be trusted through a very short arc.

Had there been any thing slippery in the action, which
would have been indicated by measuring the same part,

at different times, differently, there would have been an
end of it at once ; but this not being the case in any
sensible degree, the roller becomes a useful auxiliary

to fill up short intervals, the limits of which have been
corrected by more certain means.*

rd's me- Bird, who enjoyed the undisputed reputation ofbeing
•""'" the most accurate divider of the age in which he lived,

was the first who contrived the means how to render

the usual divisions of the quadrant bisectioiial ; which
property, except his being unusually careful in avoid-

ing the effectsof unequal expansion from change oftem-
perature, chiefly distinguished his method from others

who divided by hand. This desirable object he ac-

complished by the use which he made of a finely divi-

ded scale of etjual parts. The thing aimed at was, to

iKt be

lUlncd

siiortarcs.

obtain a point upon the arc at the highest bitcctional Origini)

number ofdivmonit from 0, which in his eight feet qua- Gr«lu»iion.

drants was 1021- =8.5° 20'. J'he extent of the beam "^v"~'
com|>as£es, with which lie traced the arc upon the limb
of the instrument to be divided, being set oflf'ufjon that
arc, gave the points 0" and OO' ; which being bisected,

gave 30" more to complete the total arc. A second or-

der of bisections gave points at 1,5" distance from each
other: but that which denoted 7,5" was most useful.

Now, from the known length of the radius, as measured
upon the scale, the length of theehord ofI0'20' was com-
puted, taken off from the scale, and protracted from 75"

forwards; and theehord of 4° 40', being ascertained in

the same manner, was setoff from 90' backwards, meet-
ing the chord of 10° 20' in the continually bisectional

arc of 85° 20'. This point being found, the work was
carried on by bisections, and the chords, as they be-
came small enough, were set off beyond this point, to

supply the remainder of the quadrantal arc. My bro- Mr Jolin

ther, whom I mentioned before, from mere want of a Troui;hK>tr«

scale of equal parts upon which he could rely, contri- "J^"']"*' ,.

vedtne means ot dividmg bisectionally witliout one. ^ettim.Sly
His method I will briefly state as follows, in the man- without

«

ner in which it would apply to dividing a mural qua- scale.

drant. The arcs of 60" and 30° give the total arc as

before ; and let the last arc of 30" be bisectetl, also

the last arc of 1 5", and again the last arc of 7° 30'

:

the two marks next 90° will now be 82° 30' and
86" 15', consequently the point sought lies between
them. Bisections will serve us no longer ; but if «-e

divide this space equally into three parts, the most
forward of the two intermediate marks will give us 85%
and if we divide the portion of the arc between this

mark and 8f)° 15' also into three, the most backward of
the two marks will denote 85° 25'. Lastly, if we di-

vide any one of these last spaces into five, and set off

one of iJiese fifth parts backwards from <S5° 25', we shall

have the desired point at lOi* divisions upon the arc

from 0°. All the rest of the divisions which have been
made in this operation, which 1 liave called marks, be-

cause they should be made as faint as possilile, must be
erased ; for my brother would not suffer a mark to re-

main upon the arc, to interi'ere with his future bisections.

Mr Smeaton, in a paper to be more particularly jioti- Ssneaton's

ced presently, justly remarks the want of a unity "' „[• dfvf^on
principle in Mr Bird's method ; for he proceeds partly bv iliecom-
on the ground of the protracted radius, ami jiartly upon p'uted chord,

that of the computed chord ; which, as Sraeaton ob-

• There are two things in the furegoing account, of the action of the roller, which have a tendency to exdle surprise. The first is, that

the roller should, in different parts of its journey round the circle, measure the latter so differently. One would not wonder, however, if in

taking the measure acros.'- a ploughed field, it sliould be found different to a parallel measure taken upon a gravel nalk ; and, in my opi-

nion, the cases arc not very dissimilar. I'orosity of the metal, in one part of the circle mote than in the other, must evidently have the

same effect Brass unhammered is always porous ; and the part which lias felt the effect of two blows, cannot be so dense as other parts

which have felt the effect of three ; and, should the edge of the circle be indented byjnrring turning, it would produce a visible similitude

to plougheil ground. Every workman must be sufficiently upon his guard against such a palpable source of error ; yet, perhaps, with our
greatest care, we may not be able to avoid it altogether. The second is, that, notwithstanding the inequality above-iiientioncd, tile roller

having reached the point upon the circle from which it set out, should perform a second, third, &c course of revolutions, without any sen-
sible deviation from its former track. This is not, perhaps, so easily accounted for. It must be mentioned, that the exterior border of the
circle should be tiirncU rounding, prei.enting to the roller a convex eelpe, the radius of curvature of which is not greater than ont-ter.th of an
inch. Now, were the miterials perfectly inelastic and impenetrable, the roller could only touch the circle in a paint, and, in parsing round
the circle, it could only occupy a Ime of contact. This, in practice, is not the case ; the circle always marks the roller with a broad list, and
thereby khows, that there is a yielding between them to a considerable amount. Ihe breadth of thii. list is not less tlian one-fiftietli of an
inch ; and it loUows, that at least 1 2° of the circle's edge must be in contact at the same time ; tliat the two surfeces yield to each other in
deptli, by a quantity equal to the vir. tin. of half that arc, or T^'^-^th of an inch ; and that the circle has always hold of tlie toiler by near-
ly 1" of the edge of the latter. Whoever has examined the surfaces of metals, which have rolle<l against each other, must have oltfcr^cil

that peculiar kind of indentation that always accompanies their action ; and tliete can be no doubt, that ilie particles of a roller, and those of
the surface on which it acu, which mutually indent each other, will, upon a second course lieguii from the >ame point, indent eii'Ji other
deeper. This is not, however, exactly the case in question ; for whatever of fitting might have taken place between the surfaces of our roller

and circle, in the first revolution of the former, we should imagine would be obliterated by the fifteen turns which it must repeat over fresh
ground. Experience shows, however, as every one will find who tries the experiment with goo«l work, that on roniing round to the point
of commencement, the roller has the disposition to regain its former track ; for, were this not the case, although the conimensuiate dianieteis
were ailjustcd so exactly as to be without sensible error in one course, yet a lers error tlian tint which is so would become visible, when re-
peated through many courses.
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Original serves, may or may not agree. Bird, -without doubt,
tiraduation. ^gg^j ^jjg radius and its parts, in order to seciire an exact
~ ' ~ quadrant ; but Smeaton, treating exactness in tlie total

arc as of little value to astronomy, would, in order to

secure the more essential property of equality of divi-

sion, reject the radius altogether, and proceed entirely

upon the simple principle of the computed chord. The
, means pursued by my brother, to reach the point which

of MrJolm terminates the great bisectional arc, is the only part in

Troughton's which it differs from Bird's method ; and I think it is

inethod. without prejudice that I give it the preference. It is

obvious, that it is as well calculated to procure equali-

ty of division as the means suggested by Smeaton, at

the same time that it is equal to Bird's in securing the

precise measure of the total arc. It proceeds entirely

upon the principle of the protracted chord of 60° and its

subdivision ; and the uncertainty which is introduced

into the work, by the sparing use which is made of sub-

division by 3 and 5, is, in my opinion, likely to be

mucli exceeded by the errors of a divided scale, * and
those of the hand and eye in taking off' tlie computed
chords, and applying tliem to the arc of the instrument

to be divided.

Ramsden's well known method of dividing by the

engine unites so much accuracy and facility, that a bet-

ter can hardly be wished for ; and 1 may venture to

say, tliat it will never be superseded in the divisions of
instruments o( moderate radii. It was well suited to

the time in which it appeared ; a time, wlien the im-
provements made in nautical astronomy, and the grow-
ing commerce of our country, called for a number ofre-
flecting instruments, which never could have been sup-
plied, liad it been necessary to have divided them by
hand ; however, as it only applies to small instruments,
it hardly comes within the subject of this paper.

The method of Hindley, as ilescribed by Smeaton, +
I will venture to predict, will never be put in practice

for dividing astronomical instruments, however applica-

ble it might formerly have been for obtaining numbers
for cutting clockwork, for which purpose it was origi-

nally intended. It consists of a train of violent opera-
tions with blunt tools, any one of which is sufficient to

stretch the materials beyond, or press them within
their natural state of rest ; and, although the whole is

done by contact, the nature of this contact is such, as

I think ought rather to have been contrasted with, than
represented as being similar to, the nature of the con-
tact used in Smeaton's Pyrometer, which latter is per-
formed by the most delicate touch ; and is represented,
I believe justly, to be sensible to the -^^^j^^ part of an
inch. Smeaton has, however, acquitted himself well, in
describing and improving the method of his friend ; and
the world is particularly obliged to him for the histori-

cal part of his paper, as it contains valuable information,
which perhaps no one else could have written.
The only method of dividing large instruments now

uivmmg
practised in London, that I know of beside my own,

large instru- "fs not yet, I believe, been made public. It consists in

ments. dividing by hand with beam compasses and spring divi-

Hindley's

method.

London
practice of

dividing

ders, in the usual way ; with the addition of examining Orid

the work by microscopes, and correcting it, as it pro- Grad«3

ceeds, by pressing forwards or backwards by hand, with """^

a fine conical point, those dots which appear erroneous
;

and thus adjusting them to their proper places. The
method admits of considerable accuracy, provided the Its deft

operator has a steady hand and good eye ; but his work
will ever be irregular and inelegant. He must have a
circular line passing through the middle of his dots, to

enable him to make and keep them at an equal distance

from the centre. The bisectional arcs also, which cut
them across, deform them much ; and what is worse, the
dots which require correction (about two-thirds perhaps
of the whole) will become larger than the rest, and un-
equally so in proportion to the number of attempts,
which have been found necessary to adjust them. In
the course of which operation, some of them grow in-

sufferably too large, and it becomes necessary to reduce
them to an equality witli their neighbours. This is done
with the burnisher, and causes a hollow in the surface,

which has a very disagreeable appearance. Moreover,
dots which have been burnished up are always ill defi-

ned, and of a bad figure. Sir George Shuckbin-g Eve-
lyn, in his paper on the Equatorial, J denominates these

'doubtful or bad points;' and (considering the few
places which he examines) they bear no inconsider-

able proportion to tlie whole. In my opinion, it

wouhl be a great improvement of this method, to divide

the whole by hand at once, and afterward to correct the
whole ; for a dot forced to its place iis above, will sel-

dom allow the compass-point to rest in the centre of its

apparent area ; therefore other dots made from these
will scarcely ever be found in their true places. This im-
provement also prevents the corrected dots from being
injureil or moved by the future application of the com-
passes, no such application being necessary.

I will now dismiss this method of dividing, with ob- 'ts *^

serving, that it is tedious in the extreme ; and did I not ""*•

know the contrary beyond a do'.ibt, I should have sup-
posed it to have surpassed the utmost limit of human
patience. § When I made m}' first essay at subdividing
with the roller, I used this method, according to the
improvement suggested above, of correcting a few pri-

mitive points ; but even this was too slow for one who
had too much to do. Perhaps, however, had my in-

struments been divided for me by an assistant, I might
not havegrudged to havepaid him for the labour ofgoing
through the whole work by the method of adjustment

;

nor have felt the necessity of contriving a belter way.
I might now extend the account ofmy method of divi-

ding to a great length, by relating the alterations which Mr B

the apparatus has undergone during a long course of Trouj

years,
II
and the various manner of its application, before

'"''"*

I brought it to its present state of improvement; but I

think I may save myselfthis trouble, for truly I do not

see its use. I will, therefore, proceed immediately to a

disclosure of the method, as practised on a late occasion,

in the dividing of a four feet meridian circle, now the

property of Stephen Groombridge, Esq. of Blackheath,

* That Bird's scale was not without considerable errors, will be shewn towards the end of this paper.
t Phil. Trass, for 1788. + phil. Trans, lor 1793-
§ At the time alluded to, the double microscopic micrometer was unknown to me, and I did not learn its use, for these purposes, till tlic

year 1790, from General Roy's description of the large theodohte. Previous to that tune, I had used a frame, which carried a single wire
very near the sutiace to be divided. This wire was moveable by a fine micrometer screw, and was viewed by a single lens inserted in the
lower end of a tube, which, for the purpose of taking off the parallax, was four inches long. The greatest objection to this mode of con-
structing the apparatus is, that the wire, being necessarily exposed, is apt to gather up the dust ; yet it is preferable to tlie one now in use,
in cases where any doubt is entertained of tlie accuracy of the plane which is to receive the divisions.

II
The full conception of the method had occupied my mind in the year 1778 ; but, as my brother could not be readily persuaded to re-

linquish a branch ot the business to me in which he himself excelled, it was not imtil September 1785 that I produced my first specimen,
t>y dividing an asuoDomical quadrant of two feet ladius.

1
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The surface of the circle which is to receive the divi-

sions, as well as its inner and outer e<lges, I)ut especial-

ly tlio latter, should be turned in the most exact and

careful manner ; the reason for which will be better un-

derstcKul, when we come to describe the mode of apply-

ing the roller: and, as no projection can be admitted

beyond the limb, if the telescope, as is generally the

case, be longer than the diameter, tliose parts which
extend farther, must be so applied, that the^ may be

removed during the operation of dividing. Fig. 1. and
2. Plate CCLXXXIil. represent the principal parts of

the apparatus; Fig. 1. showing the plan, and Fig. 2.

the elevation ; in both of which the same letters of re-

ference are affixed to corresponding parts, and both are

drawn to a scale of half dimensions. AA is a part of

the circle, the surface of which is seen in the plan, and
the edge is seen in the elevation. BBB is the main
plate of the apparatus, resting with its four feet a, a, n, a

upon the surface of the arc ; these feet, being screws,

may be adjusted to as to take equal shares of the weight,

and then are fastened by nuts below the plate, as shown
in Fig. 2. CC and DD are two similar plates, each

attached to the main plate, one above and the other

below, by four pillars ; and in them are centred the ends
of the axis of the roller E. F and G are two friction

wheels, the latter firmly fastened to B, but the former

is fixed in an adjustable frame, by means of which ad-

justment these wheels and tlie roller E may be made to

press, the former on the interior, and the Litter on the

exterior edge of the circle, with an equal and convenient

force. • At the extremities of the axis of the roller, and
attached to the middle of the plates C and D, are two
bridges c, c, having a screw in each ; by means of which
an adjustment is procured for raising or lowering the

roller respecting the edge of the circle, whereby the

former, having ita diameter at the upper edge about

.001 of an inch greater than at the lower edge, (being,

as bL'fore described, a little conical,) it may easily be
brought to the position where it will measure the pro-

per portion of the circle.

Much experience and tlwught upon the subject have
taught me, that the roller should be equal to one six-

teenth part of the circle to be divided, or that it should
revolve once in 22° 30' ; and that the roller itself should

be divided into sixteen parts ; no matter whether with
absolute truth, for accuracy is not at all essential here.

Each of such divisions of the roller will correspond with
an angle upon the circle of 1° 24' 22".5, or Tl^th part

of the circle. This number of principal divisions was
chosen, on account of its being capable of continual bi-

section ; but they do not fall in witli the ultimate divi-

sions of the circle, which are intended to be equal to 5'

each.

The next thing to be considered is, how to make the

roller measure the circle. As two microscopes are here
necessary, and those which I use are very simple, I will

in this place give a description of them. Fig. 6. is a
section of the full size, and sufficiently explains their

construction, and the position of the glasses ; but the
micrometer part and manner of mounting it, are better

shown at H, in Fig. 1. and 2. The micrometer part

consists of an oblong square frame, which is soldered

into a slit, cut at right angles in the main tube; ano-
ther similar piece nicely fitted into the former, and ha-
ving a small motion at right angles to the axis of the
microscope, has at one end a cylindrical guide pin, and

at the other a micrometer screw ; a spring of st««l wire
is also applied, as seen in the section, to prevent play,

by keeping the head of the micrometer in close contact

with the fixed frame. This head is divided into one
hunch-cd parts, which are numliered each way to 50;
the use of which will be shown hereafter. A fine wire

is stretclied across the moveable frame, for the purpose
of bisecting fine dots. Two of these microscopes arc

necessary ; also a third, which need not have the di-

vided head, and must have in the moveable frame two
wires crossing each other at an angle of about 30° : this

miscroscope is shown at 1, Fig. 1. In the two first mi*
crometers, a division of the head is of the value of about
0".2, and the power and distinctness such, that when
great care is taken, a much greater error than to the

amount of one of these divisions cannot well be com-
mitted in setting the wire across the image of a welt

made dot. The double eye-glass has a motion by hand,

for producing distinct vision of the wire ; and distinct

vision of the dots is procured by a similar adjustment

of the whole microscope.

The first step towards sizing the roller, is to com-
pute its diameter according to the measure of the circle,

and to reduce it agreeably thereto, taking care to leave

it a small matter too large. The second step is, after

having brought the roller into its place in the plate BB,
to make a mark upon the surface of the circle near the

edge, and a similar one upon the roller, exactly oppo-
site each other ; then carrying the apparatus forward

with a steady hand, until the roller has made sixteen

revolutions. If now, the mark upon the roller, by ha-

ving over-reached the one upon the circle, shows it to

be much too large, take it out of the frame and reduce

it by turning accordingly : when, by repeating this, it

is found to be very near, it may be turned about .001

of an inch smaller on the lower edge, and so far its pre-

paration is completed. The third and last step is, the

use and adaptation of the two microscopes ; one of these

must take its position at H in Fig. 1 . viewing a small

well-defined dot made for the purpose on the circle
;

the other, not represented in the Figure, must also be

fixed to the main plate of Fig. 1 . as near to the former

as possible, but viewing one of the divisions on the

roller. With a due attention to each microscope, it will

now be seen to the greatest exactness, when, by raising

or depressing the roller, its commensurate diameter is

foHlKl.

Fig. H. is a representation of the apparatus for trans-

ferring the divisions of the roller to the circle. It con-

sists of two slender bars, which, being seen edgewise in

the figure, have only the appearance ofnarrow lines; but,

when looked at from above, they resemble the form of

the letter A. They are fastenetl to the main frame, as at

W and Z, by short pillars, ha\'ing also the off leg of the

angle secured in tlie same manner ; Y is a fine conical

steel point for making the dots, and X is a feeler,

whereby the point Y may be pressed clown with a uni-

form force, which force may be adjusted, by bending
the end of the bar just above the point, so as to make
the dots of the proper size. The point Y yields most
readily to a perpendicular action ; but is amply secured

against any eccentric or lateral deviation.

The apparatus, so far described, is complete for lay-

ing our foundation, t. e. making 256 primary dots ; no
matter whether with perfect truth or not, as was said

respecting the divisions of the roUer ; precision in either

Origin*]

Gradiulion.
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• S\ifl3cient spring for keeping the roUer in clowrand uniform contact with the edge of the cirrlc is found in the apparatus, witliout any
particular contrivance for this purpose. Th« bending of the pillars of the secondary frame:, ana of the axis of the roller, chiefly supplies
this property.
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is not to be expected, or wished ; but it is of some im-

portance, that they should be all of the same size, con-

centric, small, and round. They should occupy a 110-

sition very near the extreme border of the circle, as well

to give them the greatest radius possible, as that there

should be room for the stationary microscope and the

other mechanism, which will be described hereafter.

It must be noticed, that there is a clamp and adjust-

ing screw attached to the main plate of Fig. 1 ; but, as

it differs in no respect from the usual contrivances for

quick and slow motion, it has been judged unnecessary

to incumber the drawing with it.

Now the roller having been adjusted, with one mi-

croscope H upon its proper dot on the circle, and the

other microscope at the first division on tlie roller ;

ptace the apparatus of Fig. 3. so that the dotting point

Y may stand directly over the place which is designed^

for the beginning of the divisions. In this position of

things, let the feeler X be pressed down, until its lower

end comes into contact with the circle ; tliis will carry

down the point, and make the first impression, or pri-

mary dot, upon the circle ; unclamp the apparatus, and

carry it forwards by hand, until another division of the

roller comes near the wire of the microscope ; then

clamp it, and with the screw motion make the coinci-

dence complete; where again press upon the feeler for

the second dot : proceed in this manner until the whole

round is completed.

From these 256' erroneous divisions, by a ccrta'n

She'eiTl)rs°*f
course of examination, and by comijutation, to ascertain

tiiedot& their absolute and individual errors, and to form these

errors into convenient tables, is the next part of the pro-

cess, and makes a very important branch of my method
of dividing.

The apparatus must now be taken off, and the

circle mounted in the same manner as it will be in the

observatory. The two microscopes, which have divi-

ded heads, must also be firmly fixed to the support of

the instrument, on opposite sides, and their wires

brought to bisect the first dot, and the one which should

be 180° distant. Now, the microscopes remaining
fixed, turn the circle half round, or until the first micro-

scope coincides with the opposite dot ; and, if the other

microscope be exactly at the other dot, it is obvious that

these dots are 180" apart, or in the true diameter of the
' circle ; and if they disagree, it is obvious that half the

quantity by which they disagree, as measured by the

divisions of the micrometer head, is the error of the op-

posite division ; for the quantity measured is that by
which the greater portion of the circle exceeds the less.

It is convenient to note these errors -\- or —, as the

dots are foimd too forward or too backward, according
to the numbering of the degrees ; and for the purpose
of distinguishing the -^- and — errors, the heads, as

mentioned before, are numbered backwards anil for-

wards to fifty. One of the microscopes remaining as

before, remove the other to a position at right angles

;

and, considering for the present both the former dots to

be true, examine the other by them ;
»'. e. as before, try

by the micrometer how many divisions of the head the
greater half of the semicircle exceeds the less, and note
half the quantity

-f- or —, as before, and do the same
for the other semicircle. One of the micrometers must
now be set at an angle of 45° with the other, and the
lialf differences of the two parts of each of the four
quadrants registered with their respective signs. When
the circle is a vertical one, as in the present instance.

it is much the best to proceed so far in the examination Ori^>

with it in that position, for fearof iiny general bending Gradu;

or spring of the figure ; but, for the examination of ^~^(

smaller arcs than 45°, it will be perfectly safe, and more
convenient, to have it horizontal ; because the dividing
apparatus will then carry the micromoters, several per-
forations being made in the plate B for the limb to be
seen through at proper intervals. The micrometers
must now be placed at a distance of 22° 30', and the
half differences of the parts of all tiie arcs of 45" measu-
red and noted as before ; thus descending by bisections

to 1 1" 1,5', 5" 37' 30", and i" 48' 45". Half this last

quantity is too small to allow the micrometers to be
brought near enough ; but it will have the desired ef-

fect, if they are placed at that quantity and its half,

1. c. 4° 1 3' 7".5 ; in which case tlie examination, in-

stead of being made at the next, will take place at the
next division but one to that m hieh is the subject of
trial. During the whole of the time that the examina-
tion is made, all the dots, except the one under exami«
nation, are for the present supposed to be in their true,

places ; and the only thing in this most important part
of the business, from first to last, is to ascertain with
the utmost care, in divisions of the micrometer head,
how much one of the parts of the interval imder exami-
nation exceeds the other, and carefully to tabulate half

of their difference.

I will suppose that every one, who attempts to divide "rhc i

a large astrononn'eal instrument, will have it engraved
"'™'

first. Dividing is a most delicate operation, and every
|,efon

coiu'serone should precede it. Besides, its being num- dividi

bered is particularly useful to distinguish one dot from
another : thus, in the two annexed tables of errors, (see

p. 380, 381.) the side columns give significant names to

every dot, in terms of its value to the nearest tenth of a
degree, and the mistaking of one for another is render-
ed nearly impo.'sible.

The foregoing examination furnishes materials for Tabl'

the construction of the table of half differences, or ap- apps;

parent errors.* Tlie first line of this table consists of '"^

two varieties ; i. e. the micrometers were at 1 80" dis-

tance for obtaining the numbers which fill the columns
of the first and third quadrant ; and at 90° for those of
the second and fourth quadrant. The third variety

makes one line, and was obtained with a distance of
45": the fourth consists of two lines, with a distance of
22° 30' : the fifth of four lines, with a distance of 1

1"

15' : the sixth of eight lines, with a distance of 5° 37'

30" : the seventh of sixteen lines, with a distance of
2" 48' 45" : and the eighth and last variety, being the
remainder of the table, consist of thirty-two lines, and
was obtained with a distance of 4*^ 13' 7" 5.

The table of apparent errors, or half differences, just Tablfi

explained, furnishes data for computing the table of error

real errors. The rule is this : let n be the real error of

the preceding dot, and b that of the following one,

and c the apparent error, taken from the table of lialf

differences, of the dot under investigation ; then is

o+ b , _ ....—~
f-
c = Its real error. But, as this simple expres-

sion may not be so generally understood by workmen
as I wish, it may be necessary to say the same thing
less concisely. If the real errors of the preceding and
following dots are both -f-, or both —, take half their

sum, and prefix thereto the common sign ; but if orw
ofthem is + and the other—, take half their difference,

• If the table of real errors be computed as the work of examination proceeds, there will be no occasion for tbit table at all ; but I think
it best not to let one part interfere with another, and therefore I examine the whole before J begin to coiupute.
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prefixing the sign of the greater quantity: again, if the

appiirent error of the dot uiuier investigation lias the

name sij;n of tlie quantity found above, give to their

sum tlie common sign for the real error ; but if tlieir

signs are contrary, give to their difference the sign of

the greater for the real error. I add a few examples.

Example t.

For the first point of the second quadrant.

Kcal error of the first point of the first

quadrant — 0.0

Real error of the first point of the third

quadrant — 6.9
Half sum or half diflTcrcnce — 3.\

Ap|)arent error of the dot under trial . ^- 12.2

Heal error \. 8.8

Example 2.

For the point •tS" of the second quadrant.

Real error of the first point of the quadrant + 8.8

Real error of the last point of the quadrant — 6.9

Half difference -f 0.9

Apparent error of the dot under trial . . — 8.9
Real error — 8.0

Example 3.

Point 88°. 6", or last point, of the third quadrant.
Real error of the point 84°.4 of the third

quadrant . . ' ^ 21.0
Real error of the point 2°.8 of the fourth

quadrant -— 2.9
Half sum — 11.

9

Apparent error of the dot under trial . . — 4.0

Real error — ] 5.9

Example 4.

Point S8°.6, or last, of the fourth quadrant.
Real error of the point 84°.4 of the fourth

quadrant —21.6
Real error of the point 2''.8 of the first qua-

rant — 10.2
Half sum — 15.0
Apparent error of the dot under trial . . -|- 9.5
Real error — 6.4

It is convenient, in the formation of tlie table of real

errors, that they should be inserted in the order of the
numbering ofthe degrees on their respective quadrants

;

although their computation necessarily took place in

the ortler in which the examination was carried on, or
according to the arrangement in the table of apparent
errors. The first dot ef the first quadrant having been
assumed to be in its true place, the first of the third
quadrant will err by just half the difference found by
the examination ; therefore these errors are alike in both
tables. The real error of the first <lot of the second
quadrant comes out in the first example ; that of the
fourth was found in like manner, and completes the
first line. It is convenient to put the error of the di-
vision 90° of each quadrant at the bottom of each co-
lumn, although it is the same as tlie point 0" on the
following quadrant. The line 45* is next filled up;
the second example shows this ; but there is no occ:i-

sioii to dwell longer upon this explanation ; for every
one, who is at all fit for such pursuits, will think what
has already been said fully sufficient for his purpose.
However, I will just mention, that there can be no
danger, in the foi-mation of this table, of taking from a
wrong line the real errors which are to be the criterion
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for finding that of the one tinder trial, becauM they Ori^tui

are in the ne.xt line to it, the others, whi« h intervene in Gnidualion.

the full table, not being yit inserted. The last course
'"'"»''"'

of all is, however, on exception ; for, as the examining
microscopes could not be brought near enough to bisect
the angle 2" 48' 4.')", recourse was had to that (|uanlity
and its half; on which account the examination is pro-
secuted by using errors at two lines distance, as is

shown in the two last examples.
When the table of real errors is constructed, the other AD the

table, although it is of no farther use, should not be compui*.

thrown away ; for if any material mistake has been '"** •••ouW

committed, it will be discovered as the operation of d:-
^''"*""

viding is carried on, and in this case the table of appa-
"'

rent errors must be had recourse to ; indeed not a figure
should be destroyed until the work is done. *

Respecting the angular value of the numbers in these
tables, it may be worth mentioning that it is not of the
least importance, 100 of them being comprised in one
revolution of the micrometer screw ; and, in the instance
before me, 5.6 of them made no more than a second.
It is not pretended that one of these parts was seen
beyond a doubt, bein^ scarcely ^^hrp; of an inch, much
less the tenths, as exhibited in the tables ; but as they
were visible upon the micrometer heads, it was judged
best to take them into the account.
Having now completed the two first sections of my True divj-

method of dividing ; namely, the first, which consists sions to be
of making 256 small round dots; and the second, in made from

finding the errors of these dots, and forming them into '''* ""d*-

a table; I come now to the third and last part, which
""'""'*

consists in using the erroneous dots in comparison with
the tabulated errors, so as ultimately to make trom them
the true divisions.

It will here be necessary to complete the description Subdividins

of the remjiining part of the apparatus. And, first, a T'^*"'"
little instrument wliich I denominate a subdividing sec-

'^" "

tor presents itself to notice. From all that has hitherto
been said, it must have been supposetl, that the roller
itself will point out, upon the limb of the instrument
to be divided, spaces corresponding to others previously
divided upon itself, as was done in setting off the 256
points: but, to obviate the difficulty of dividing the roller
with sufficient exactnes.s, recourse was had to this sector ;
which idso serves the equally important purpose of re-
ducing the bisectional points to the usual division of the
circle. This sector is represented of half its dimensions
by Fig. 5, Plate CCLXXXIIl. It is formed of thin Piatf
brass, and centered upon the axis at A, in contact with cci.xxxm.
the upper surface of the roller: it is capable of being ^'8- *•

moved round by hand ; but, by its friction upon the
.ixis, and its pressure upon the roller, it is sufficiently
prevented from being disturbed by accident. An in-
ternal fnmie BB, to which the arc CC is attached, moves
freely in the outer one, and by a spring D is pushed
outwards, while the screw E, the point of which touch-
es the fraiiie B, confmes the arc to its proper radius.
The arc of this sector is of about four times greater ra-
dius than the roller, and upon it are divided the spaces
which must be transferred to tlie instrument as repre-
sented on a magnified scale by Fig. 4. Now, the angle
of one of the spaces of the circle will be measured by
sixteen times its angular value upon the sectorial arc, or
22° 30' ; but this does not represent any number of
equal parts upon the instrument, the subdivisions of

which are to be 5' each ; for
1° 2V 22".5.

is exactly 16^,

therefore so many divisions are exactly equal to a mean

• This U a very Meful hint, applicable on many occasions.
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space between the dots, the errors of which have been
tabulated. Let, therefore, the arc of the sector be di-

vided into l6 spaces of 1° 20' each, and let a similar

space at each end be subdivided into eight parts of 10'

each, as in Fig. 4 ; we shall then have a scale which
furnishes the means for making the true divisions, and
an immediate examination at every bisectional point.

I have aways divided the sector from the engine, be-

cause that is the readiest method, and inferior to none
in point of accuracy, where the radius is very short

;

but, as it is more liable than any other to centrical error,

the adjustment of the arc by the screw E becomes ne-

cessary: by that adjustment, also, any undue run in the

action of the roller may be reduced to an insensible

quantity.

When the utmost degree of accuracy is required, I

give the preference to dividing by lines, because they

are made with a less forcible effort than dots are ; and
also because, if any small defect in the contexture of

the metal causes the cutter to deviate, it will, after pas-

sing the defective part, proceed again in its proper

course, and a partial crookedness in the line will be
the only consequence ; whereas a dot, under similar

circumstances, would be altogether displaced. But, on
the other hand, where accuracy has been out of the

question, and only neatness required, I have used dots
;

and I have done so, because I know that when a dot

and the wire which is to bisect it are in due proportion

to each other, (the wire covering about two-thirds of
the dot,) the nicest comparison possible may be obtain-

ed. It may be farther observecf, that division by lines

is complete in itself; whereas that by dots requires

lines to distinguish their value.

On the upper side of Fig. 1. is represented the appa-
ratus for cutting the divisions. It consists of three

pieces JKL, jointed together so as to give to the cutter

an easy motion, for drawing lines directly radiating

from the centre, but inflexible with respect to lateral

pressure; dd are its handles. The cutting point is

hidden below the microscope H ; it is ofa conical form,

and were it used as a dotting point, it would make a
puncture of an elliptical shape, the longer diameter of
which would point towards the centre. This beautiful

contrivance, now well known, we owe to the ingenuity
of the late Mr Hindley of York ; it was borrowed by Mr
Ramsden, * and applied with the best effect to his di-

viding engine.

It might have been mentioned sooner, that in the in-

stance which I have selected as an example of my divi-

ding, the operation took place when the season of the
year, and the smoke of London, had reduced the day
to scarcely six hours of effective light ; and rather than
confine my labours within such narrow limits, I deter-
mined to shut out the day-light altogether. Fig. 7.

shows the construction of the lanterns which I used.
A very small wick gave sufficient light, when kept from
diverging by a convex lens; while the inclining nossel
was directed down exactly upon the part looked at, and
the light, Iiaving also passed through a thin slice of
ivory, was divested of all glare. I enter into this de-
scription, because, I think, I never saw my work bet-
ter, nor entirely to so much advantage as in this in-

stance; owing, perhaps, to the surrounding darkness

allowing the pupil of the eye to keep itself more ex-

panded, than when indirect rays are suffered to enter it.

The heat from a pair of these lanterns was very incon-

siderable, and chiefly conducted along with the smoke
up the reclining chimney.

Previous to cutting the divisions, the parts now de-

scribed must be adjusted. The cutting apparatus must
be pl.iced with the dividing point exactly at the place

where the first line is intended to be drawn, and clamp-

ed, so that the adjusting screw may be able to run it

througli a whole interval. The microscope H must be

firmly fixed by its two pillars b, b to the main frame,

with its micrometer head at zero ; and with its only

wire in the line of the radius, bisecting the first of the
256' dots. And it should be observed, that the cutting

frame and this must not vary respecting each other,

during the time that the divisions are cut; for any mo-
tion that took place in either would go undiminished to

the account of error. The microscope I is also fasten-

ed to the main frame ; but it is only required to keep

its position unvaried, while the divisions of the sector

pass once under its notice ; for it must have its wires

adjusted afresh to these divisions at every distinct

course. The microscope I has two wires, crossing

each other at an angle of about 40° ; and these are to

be placed so as to make equal angles with the divisions

of the sector, which are not dots but lines. The sec-

torial arc must also be adjusted to its proper radius by
the screw E, Fig. 5 ; i.e. while the main frame ha*

been carried along the circle through a mean interval

shewn by H, the sector must have moved though ex-

actly l6^ths of its divisions, as indicated by 1.

1

Things being in this position ; after having given the

parts time to settle, and having also sufficiently proved

the permanence of the micrometer H and the cutting

frame with respect to each other, the first division may
be made ; then, by means of the screw for slow mo-
tion, carry the apparatus forward, until the next line

upon the sector comes to the cross wires of I ;
you then

cut another divison, and thus proceed until the iCth

division is cut, = 1° 20' : Now, the apparatus wants

to be carried further, to the amount of ^ths of a divi-

sion, before an interval is complete ; but at this last

point no division is to be made ; \ye are here only to

compare the division on the sector witli the correspond-

ing dot upon the instrument. This interval, however,

upon the circle, will not be exactly measured by the

corresponding line of the sector, which has been ad-

justed to the mean interval, for the situation of the dot

1°.4 is too far back, as appears by tlie table of real er-

rors, by — 4.8 divisions of the micrometer head. The
range of the screw for slow motion must now be re-

stored, the cross wires of H set back to — 4.8 divi-

sions, and the sector moved back by liand, but not to

the division where it began before ; for, as it lefl off

in the first interval at ^ths of a division, it has to go

forwards fth more before it will arrive at the spot where

the 17th division of the instrument 1° -ZiV is to made,

so that in this second course it must begin at fth short

of 0. Go through this interval as before, making a

division upon the circle at every one of the 16 great

Ori

Grad

Prepi

for c>

thed

Cut

divi:

• This [ learned from that most accurate artist Mr John StanclilTe, who was liimself apprentice to Hindley.

f For the sake of simplicity, the account of the process is carried on as if the roller measured the mean interval without error. But it

was said (Page 371), that the roller, in a contimied motion quite round the circle, would, in some part of its course, err by 30", or more

;

iberefbre, when this is the case, an extreme run of the roller cannot agree with a mean interval of the circle nearer than _ =: 0.23" ; and

most probably this kind of error will, on some intervals, amount to double that quantity. It, therefore, becomes matter of prudent precau-
tion, to examine every interval previous to making the divisions ; and, where necessary, to adjust the sector, so that its urc may exactly

Jireasuie tJic corresponding intenral as corrected by the tabulated errors.
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(liviiiiDns ol' the sectoV ; and H slioukl now reach the

• tlihd (lot, allowinsf for a tabular error of— 10.2 when
the division -Jtlis of tlie sector reaches the cross wires

of I. It wciukl be tedious to lead the reader throiif»h

all the variety of the sector, which consists of eigiit

courses ; and it may be sufficient to observe, that at

the commencement of every course, it must be put
back to the same fraction of a division which termi-

nated its former one ; and that the wire of tlie micro-

meter H must always be set to the tubular error be-

lon(j;ii)g to every dot, when we end one interval and
bPRin another. The eight courses of tJie sector will

have carried us tlirough -,'^d pfU't of the circle, IV lo',

and during this time the roller will have proceeded
through half a revolution ; for it* close contiict with
the limb of the circle does not allo'w it to return with
the sector when the latter is set back at every course.

Having in this manner proceeded, from one interval to

another, through the whole circle, the micrometer at

last will be found with its wire at zero, on the dot
from which it set out; and the sector, with its Ifith

division, coinciding with the wires of its microscope.

Having now given a faithful detail of every part of
the process of dividing this circle, I wish to remind
the reader, that, by verification and correction at every
interval, an}- erroneous action of the roller is prevent-
ed from extending its influence to any distant niterval.

It will be farther observed, that the subdividing sector

magnifies the work ; that by means of its adjustable

arc, it makes the run of the roller measure its corre-

sponding intervals upon the circle ; and, without fo-

reign aid, furnishes the means of reducing the bisec-

tional intervals to the usual division of the circle. Far-
theiinore, the motion of the wire of the micrometer H,
according to the division of its head and coiTesjxjnd-

ing tabic of errors, furnishes the means of prosecut-
ing the work with nearly the same certainty of success,

as could have Iiappened, had tlie '2'>6 points been (which
in practice is quite impossible) in their ,true places.

Now, the whole of my metho<I of dividing being
performed by taking short measures with instruments
which cannot themselves err in any sensible degree,

and, inasmucli as those measures are taken, not by tlie

hand, but by vision, and the whole performed by only
looking at the work, the eje must be charged with all

the errors that are committed until we come to cut the

divisions ; and, as in this last operation the hand has

no more to do than to guide an apparatus so perfect

in itself, that it cannot be easily made to deviate from
its proper course, I would wish to distinguish it from
the otlier methods, by denominating it, dividing by the

eye-*

The number of persons at all cajiable of dividing

originally have hitherto been very few : the practice of
it being so limited, that in less than twice seven years.

a man could hardly hope to become a workman in tbi« OtiginjJ

most difficult art. How far I shall be con3iderc<I as Gn«lu«iion.

having surmounted these difficulties, I know not ; but
^"^^""^

if, by the method here revealed, I have not rendered
originid dividing almost equally easy with what copy-
ing was before, I have spent much lal«)ur, time, and
thoupht in vain. I have no doubt, indeed, that any
careful workman who can divide in common, and ha.s

the ability to construct an astronomical instrument, will,

by following the steps here marked out, be able to di-
vide it, the first time he tries, better than the most'ex-
perienced workman, by any former method.

If, instead of subdividing with the roller, the same subdivUion
thing be perfoi-med with the screw, it will not give to „iihiiic
dividing by the eye any very distinctive character: I strew in-

liave practised this on arcs of circles with success, the 't*"! "*' 'ho

edge being slightly racked, the screw carrying forward """•

an index with die requisite apparatus, and having a di-
vided micrometer head ; the latter answers to the sub-
dividing sector, and, being used with a corresponding
table of errors, foniis the means of correcting the pn-
mitive points ; but the roller furnishes a more delicate
action, and is by far more satisfactory and expeditious.

It is known to many, that the six feet circle, which six feet cii-

I am now at work upon for our Royal Observatory, is cic for the

to be divided upon a broad edge, or upon a surface at ^oj<^^ Ob-

right angles to the usual plane of divisi(m: the only al- ^"t-""'''
terations which will on this account be required, are, ju^gf

""

that the roller must act upon that plane which is usual-
ly divided upon ; which roller, being elevated or de-
pressed, may be adjusted to the commensurate radius
without being made conical, as was necessary in the
other case. The apparatus, similar to the other, must
here be fixed immoveably to the frame which supports
the circle : its position must be at the vertex, where
also I must have my station ; and the instrument it-

self must be turned around its axis, in its proper ver-
tical position, as the work proceeds. The above may
suffice, for the present, to gratify those who feel them-
selves interested upon a subject which will be better
understood, if I should hereafter have the honour ol'

laying before the Royal Society a particular description
ot the instrument here alluded to ; a task which I mean
to undertake, when, after being fixed in the place de-
signed for it, which I hope will be effected at no very
diafant period, it shall be found completely to answer
the purposes intended. See Circle, Vol. VI. p. 485.

Should it be required to divide a circle according to ^ circle

the centesimal division of the quadrant, as now recom- may readily

mended and used in France, we shall have no difficul- be divided

ty. The 1 00" of the quadrant may be conveniently ""'esi-

subdivided into 10 each, making 4000 divisions in the ^"^j"^.
whole round. The 2.)6 bisectional intervals, the two ^^^ ,.,y.

"

tables of errors, and the manner of proceeding and
acting upon them, will be exactly the some as before.

* 1 must here remark, that Smeaton has represented the greatest degree of accuracy that can be derived from vision , in judging of the
coincidence of two hnes, at j^jj^th part of an inch. From this it may fairly be inferred, that he had not cultivated the power of the
sight, as he had done that of the touch ; the latter of which, with lliat ability which appeared in all his works, he rendered sensible to

tbc ^T;c!fT^th part of an inch. Were materials infinitely hard, no bounds could be set to the precision of contact; but taking tlungs w
they are, the different degrees of hardness in matter, may be considered as a kind of magnifying power to the touch, which may not un-
aptly be compared with the assistance which tile eye receives from glasses. It is now quite common to divide the seaman's sextant to 10",
and a gowl eye will esiimnie tlie half of it ; which, on an eighi-inch r.idius, is scarcely tt^jjUi of an inch. This quantity, small as it

is, is rendered visible by a glass of one inch focal length ; and such is the certainty with which tliese quantities arc seen, that a seaman
vil) sometimes complain tliat two pair of these lines will coincide at the same time ; and this may happen, and yet no division of his in-

strument err, by more than isjii^^th part of an inch. All this is applicable to judajing of the coincidence of lines with each other, and
furnishes not the most favourable display of the accuracy of vision. But with the microscopes here described, where the wire bisects the
image of a dot, or a cross wire is made to intersect the image of a line, by an eye practised in such matters, a coincidence may undoiibt-
etlly be ascertained to

; aaen tb part of an inch. I am of opinion, that as small a quantity may be rendered visible to the eye, as can by
contact be made sensible to the touch ; but whether Mr Smcaton's Tr-,,',^^

»nd my 7^5^,5;;^ be not the same thing, I will not determine ;

the difibrtncc between them, however, is what he would no more have pretended to feel, than ' ^'^ pretend to see.

VOL. Z. PART I. 3 B



378 GRADUATION.
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CratUiaiion . pj,sg ^g must have another line divided upon the sec-

""^n"^ tor. For x^Vs^^ P^""*^ "^ *'^^ circle being equal to 5'.4

10 24' 22".

5

of the usual angular measure
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sions; and just so many will be equivalent to one of

the intervals of the circle. The value of one of the

great divisions of the sector will be 1° 26' 24'', and that

of the ^th pai'ts, which are to be annexed to the right

and left as before, will be 10' 48", therefore divisible

by the engine. Should any astronomer choose to have

both graduations upon his instrument, the additional

cost will be a mere trifle, provided both were done at

the same time.

It must already have been anticipated, that dividing

by the eye is equally applicable to straight lines as it is

to circles. An apparatus for this purpose should con-

sist of a bar of brass, three quai'ters of an inch thick,
lines M well

^^^ ^^^ j^^^ ^^^^^ three inches broad ; six feet may do
very well for the length ; it may be laid upon a deal

plank strengthened by another plank screwed edge-

wise on its lower surface. The bar should be planed

on both its edges and on its surface, with the greatest

exactness ; and it will be better if it has a narrow slip

of silver, inlaid through its whole length, for receiv-

ing the dots. An apparatus nearly similar to the other

should slide along its surface, carrying a roller, the cir-

cumference of which is 12 8 inches, and turned a little co-

nical for the sake of adjustment. The roller may be di-

vided into 32 parts, each of which, when transferred to

the bar, will give intervals of 0.4 of an inch each : the

angle of the subdividing sector should of course be 11

"

15', and subdivided into four parts, which will divide

the inch into tenths : the surface may also receive other
lines, with subdivisions suited to the different purposes
for which it may be wanted. The revolutions of the
roller and its ^^ parts must be dotted upon the bar ;

taking cai'e, by sizing the roller, to come as near the
true standard measure as jxissible: when this is done,
compare the extent of the greater bisectional number
that is contained in the length, i. e. 128 intervals or
,51.2 inches, with the stanclard measure; noting the
difference as indicated by the micrometer heads: the
examination and construction of the table of errors may
then be conducted just as was done for the circle. ^

Being now ready for the performance of its work,
.the scale to be divided must be laid alongside of the
bar, and the true divisions must be cut upon it by an
appeal, as before, to the erroneous dots on the bar, cor-
rected by a corresponding table of errors. The appa-
ratus, remaining entire in tlie possession of the work-
man, with its primitive dots, the table of errors, &c. is

ready for dividing another standard, which will be pre-
cisely similar to others that have been, or may be, di-
vided from it. It may be considered, indeed, as a kind

,
of engine ; and, as it is not vitiated by the coarse ope-
ration of racking with a screw, but performed by oidy
looking at the work, the method will command about
three times the accuracy that can be derived from the
usual straight-line dividing engine. Should it be ask-
ed, if an engine thus appointed would succeed for di-
viding circles .> I answer, Yes; but I would not recom-
mend It

; because, beyond a certain extent of radius, it

is not tiecessary ; for the errors, wiiich would be intro-
duced into the work by the violence of racking a large

commended, wheel, are sufficiently reduced by the comparative short-
ness of the radius of such instruments as we divide by
that method

: aijd, what is still more to the purpose.

Method of

using it.

It might
be used for

dividing

circles, but

not to be re-

burg

lyn.

the dividing engine is four times more expeditious, and
bears rough usage better. I cannot quit the subject of^
dividing straight lines wthout observing, that 1 never \

had my apparatus complete. The standard which I Consh

made for Sir George Shuckburgh Evelyn in 1796, was """ "

done by a mere make-shift contrivance, upon the prin-
*'^"°''

ciple of dividing by the eye ; how I succeeded, may
be seen in Sir George's papers on Weights and Mea-
sures, in the Phil. Trans, for 1798. I made a second,

some years after, for Professor Pictet of Geneva, which ,

became the subject of comparison with the new measure
]

of France, before the National Institute ; and their re-

port, drawn up by Mr Pictet, has been ably re-stated

and corrected by Dr Young, as published in the Jour-
nals of the Royal Institution. I made a third for the

|

magistrates of Aberdeen. I notice the two latter, prin-

cipally to give myself an opportunity of saying, that,

if those three scales were to be compared together, not-

withstanding they were divided at distant periods of

time, and at different seasons of the year, they would
be found to agree with each other as nearly as the diffe-

rent parts of the same scale agree.

1 hope I may here be allowed to allude to an inad- ina

vertency which has been committed in the paper men- tenc

tioned above ; and which Sir George intended to have G.

corrected, had he lived to conclude his useful endea-

vours to harmonise the discordant weights and mea-
sures of this country. The instruments which he has

brought into comparison are, his own five feet standard

measure and equatorial ; General Roy's forty-two inch

scale ; the standard of Mr Aubert ; and that of the

Royal Society. The inadvertency is tliis : in his equa-
torial, and the standard of the Royal Society, he has
charged the error of the most erroneous extent, when
compared with the mean extent, alike to both divisions;

i. e. he has supposed one of the divisions, which bound
the erroneous extent, to be too much to the right, and
the other too much to the left, and that by equal quan-
tities. This is certainly a good-natured way of stating

tlic errors of work ; and perhaps not unjustly so, where
the worst part has been selected; but in the other three

instances, namely, in General Roy's, Mr Aubert's, and
his own standard, he has charged the whole error of
the most erroneous extent to one of the bounding lines.

I was well confirmed in my high opinion of the ge- cen^ I

reral accuracy of Bird's dividing, when, last win-cura(
ter, * I measured the chords of many arcs of the Green- ^"^ ''

wich quadrant. That instrument has indeed suffered,
"

botli from a change in its figure, and from the wearing The (

of its centre ; but the graduation, considering the time *'*^'

when it was done, I found to be very good. Sir
'

George, in his paper upon the equatorial, (Phi/. Tran.i.

for 1703,) after some compliments paid to the divider

of his instrument, says, " the late Mr John Bird seems
to have achnitted a probable discrepancy in the divi-

sions of his eight feet quadrant, amounting to 3";" and
he refers to Bird on the construction of the Greenwich
quadrant. This quantity being three times as great as

any errors that I met with, I was lately induced to in-

quire how the matter stood. Bird, in the paper refer-

red to, says, " in dividing this instrument, I never met
witli an inequality that exceeded one second. I will

suppose, tlint in the 90 arch this error lay toward the

left hand, anil in the 96 arch that it lay towartls the

right, it will cause a difference between the two arches

of two seconds ; and, if an error of one second be al-

lowed to the observer in reading off his observation, the

whole amount is no more than three seconds, which is

drai

* This paper was written in June 1808.
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i'crent
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) iriginai Hgrecable to wlut I have heard, Sec." Sir George's
' ladiisfion- examination of his own equatorial furnishes me with

tlie int-aus of a direct comparison : in his account of
tlie declination circle, wc find an error -f-'J".3,5, and
anotlirr

—

V'.S; to these add an error of half a second
in each, for reading off", whicli Sir George also admits,
we shall then have a discrepancy of 4".85 ; but, as the
errors of reading off are not errors of division, let tliem

be dischargeil irom bo:h, nud the errors will then stand
for the quadrant 2", and for the circle S^S.*;. As the
radius of the former, however, is four times greater than
that of the latter, it will appear, by this mode of trial,

that the equatorial is rather more than twice as accu-
rately divided as the quadrant. In doing justice to Bird
in this instance, I have only done as I would be done
by : for, should any future writer set nie back a centu-
ry on the chronological scale of progressive improve-
ment, I hope some one will be found to restore me to

my proper niche. I now subjoin a restatement of the
^eatest error of each ofthe instruments that are brought
into comparison by Sir George, after having reduced
them all by one rule, viz. allowing each of the two
points which bound the most erroneous extent, to di-

vide the apparent error equally between them. They
are expressed in parts ofan inch, and follow each other
in the order of their accuracy.

Sir George Shuckburgh's 5 feet standard . . . .000165
General Roy's scale of 42 inches 000240
Sir George's equatorial, 2 feet radius ..... .000273
The Greenwich quadrant, 8 feet radius . . . .0004fi5
Mr Aubert's standard, 5 feet long 000700
•The Royal Society's standard, 92 inches long .000795

For the justness of the above statement, I consider my
name as pledged ; requesting the permission to say, that
if, on the result of each respective examination, as here
presented, there could hate been more than one opi-
nion, it woidd not have appeared here. I am farther
prompted to add, that the above comparative view pre-
sents one circumstance to our notice, which cannot do
less than gratify every individual, who is at all conver-
sant in these matters ; I mean, the high rank which
General Roy's scale takes in the list ; that scale having
been made the agent in measuring the base line of our
national trigonometrical survey.

To return, finally, to the dividing of circles ; I must
state, as matter of precaution, that great care should be
taken during the turning of the outer edge, to have the
circle of the same temperature ; for one part may be
expanded by heat, or contracted by cold, so much more
than another, as to cause the numbers in the tables of
errors to be inconveniently large. A night is not more
than sufficient for allowing the whole to take the same
temperature, after having been handled by the work-
men ; and the finishing touch should be given within a
short space of time. But, if the effects of temperature
are to be regarded in turning a circle, it ts of tenfold
more importance to attend to this circumstance, while
the examination of the larger arcs of the instrument is

carried on; for it is absolutely necessary, that, during
this time, the whole circle should be of the same heat
exactly. Few workmen are sufficiently aware of this.

They generally suppose the expansion of metals to be a
trifle, which need not be regarded in practice ; and
wonder how the parts of a circle can be differently

heated, without taxing pains to make it so. One de-

I

t« must
t ukcn, to

V e the

c le of a
I form

tipcrature

1 Ic lurn-

i the out-

I wblle

rminm?
t larger

>

lects of

t iperature

X ch more
iwilant

tngc.
t ally sup-

r

gree of Fahrenheit's thermometer indicates so small Origiaal

a portion of heat, that, in such places as workmen are ^n^uation.

usually obliged to do tlieir business in, it is not very easy
"'

"' ' ~'

to have three thermometers attached to different parts of
a large instrument, showing an equality of temperature
withm that quantity : Yet so necessary is correctness

in this respect, that if a circle has the vertex one degree
warmer than its opposite, and if this difference of tem-
perature be regularly distributed from top to bottom,
the upper semicircle will actually exceed the lower by
2"

: And, if such should happen to Ite the case while
the examination of the first dot of the third quadrant
is made, the regularity of the whole operation would
thereby be destroyed.

It may not be improper to remark, that dividing by Tlieap^a^
the eye does not require a more expensive apparatus tiunotei-

than the operation of dividing by hand ; and, indeed, P*"'"'*-

less So when the scale of inches is deemed necessary.

The metliod by adjustment is still more expensive, re-

quiring whatever tools Bird's method requires, and, in

addition to these, a frame and microscopes, somewhat
similar to those for dividing by the eye.

It is somewhat more difficult to give a comparative jfuch time
estimate of the time, which the different methods of saved by it/

dividing require. I know, that 1 3 days of eight hours
each, are well employed in dividing such a circle by
my method ; about 52 days would be consumed in

doing the same thing by Bird's method ; and I think I

cannot err much, when I state the method by adjusts

ment, supposing every dot to be tried, and that two
thirds of Oiem want adjusting, to require about 150 of
such days.

The economy of time, (setting aside the decided

means of accuracy,) which the above estimate of its aji-

plication offers to view, will, I think, be considered of

no little moment. By the rising artist, who may axpiie

to excellence, it will at least, and I should hope with

gratitude, be felt in the abbreviation of his labours. To
me, indeed, the means of effecting this became indis-

pensible; and it has not been without a sufficient sense

of its necessity, that I have been urged to the progres-

sive improvement and completion of these means, as

now described. It is but little that a man can perform

with his own hands alone ; nor is it on all occasions,

even in frames of firmer texture than my own, that he

can decisively command their adequate, unerring use.

And I must confess, that I never could reconcile it to

what I hold as due to myself, as well as to a solicitous

regard for the most accurate cultivation of the science

of astronomy, to commit to others an operation requi-

ring such various and delicate attentions, as the divisioa

of my instruments.

That my attentions on this head have not failed to

procure for me the notice and patronage of men, whose
approbation makes, with me, no inconsiderable part of

my reward, 1 have to reflect on with gratitude and plea-

sure : and as 1 look with confidence to the continuance

of that patronagCj so long as the p)»ers of execution

shall give me the inclination to solicit it, I cannot en-

tertain a motive, which might go to extinguish the

more liberal wish ofpointing out to future ingenuity a

shorter road to eminence ; sufficiently gratifieil by the

idea of having, in the present communication, contri-

buted tofacilitate the operations, and to aid the progress

of art, (as far as the liniiteil powers of vision will ad-

mit,) toward the point of perfection."

• This is the same wUicIi Mr
executors.

Bird mtiia dividing his tight fett mural quadiamc, and was (<rescntcd.ta the Uoyal. Society by Binl''
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Table of apparent Errors.

Original

firaduation.
Name ot

tlie Dot.

First

Quadrant
Second

Quadrant.

i'hiid 1

Quadrant,

hourtli

Qumirant.

hirst

Quadrant
rSecond

Quadrant.

Third
Quadrant.

i-'ourth

Quadrant
Name qt'

tlie Dot.

0°0 0. + 12.2 -6.9 + 17.9 +4.6 + 17.1 — 4.4 + 17.3 1°.4

45.0 —21.3 —8.9 16.7 —29.6 —5.2 — 9.7 8.9 — 6.4 4.2

22.5 1.6 2.2 1.0 2.7 0.0 3.8 1.0 4.7 7.0

67.5 + 1.0 + 15.6 0.0 + 13.7 + 1.0 + 3.5 5.1 5.5 9-8

11.2 —16.6 —20.2 22.6 —30.3 —5.5 — 1.6 0.0 + 1.2 12.7

33.7 4.0 4.2 13.2 23.1 7.6 7.6 4.2 — 2.3 15.5

56.2 16.9 22.2 17.0 22.7 9.4 3.9 0.0 5.3 18.3

78.7 30.8 16.6 31.3 30.3 + 1.1 + 12.1 + 4.2 + 43 21.1

5.6 2.7 8.6 4.1 10.1 12.3 0.9 6.2 14.4 23.9

16.9 11.5 11.3 11.2 16.1 —5.7 6.2 1.1 — 11.2 26.7

28.1 9.0 7.4 5.8 14.3 + 1.5 3.5 — 6.3 4.2 29.5

39.4 9.3 S 2 5.8 13.1 0.0 7.0 7.7 + 1.4 32.3

50.6 4.2 6.6 8.2 4.4 1.5 + 9-0 + 3.0 4.3 35.2

61.9 4.3 8.4 12.5 4.4 —8.6 — 5.9 — 2.0 — 6.7 38.0

I'i.X 7.6 10.0 13.6 9-7 3.3 + 2.7 4.9 1.5 40.8

S4.4 18.0 + 6.0 16.3 7.1 + 4.0 3.1 3.5 + 1.0 43.6

2.8 3.4 —7.5 8.9 2.1 13.5 10.5 + 16.0 14 9 46.4

8.4. 0.0 5.0 4.6 5.7 2.1 0.0 1.7 — 3.5 49-2

14.1 6.Q 8.2 5.6 4.8 —5.0 — 10.7 — 2.9 1.5 52.0

19.Y 1.6 2.4 + 1.0 2.5 4.2 7-9 2.2 7.2 54.8

25.3 3.7 8.2 —2.9 2.5 4.0 3.0 2.5 1.0 57.7

30.9 +2.4 7.1 7.0 0.0 7.3 + 6.2 6.1 1.5 60.5

36.6 —5.9 + 1.0 2.5 1.5 3.2 — 10.1 5.6 12.7 63.6

42.2 + 3.1 1.9 .5.8 + 2.5 1.4 7.2 3.9 + 2.2 66.1

47.8 7.1 5.2 + 2.4. 4.8 + 11.2 + 14.9 + 21.2 7.2 68.9

53.4 —5.6 —6.0 -5.0 —6.1 —7.1 — 1.0 -8.9 — 11.7 71.1

59.1 10.7 + 1.0 3.0 + 1.4 5.3 1.2 6.6 2.7 74.5

64.7 7. —18.0 10.7 —9.0 7.2 9-9 + 1.0 5.9 77.3

70.3 2.7 7.4 1.5 9.0 6.5 1.8 5.3 2.6 80.2

75.9 1.2 5.2 2.2 4.7 + 4.4 + 1.4 — 2.2 4.3 83.0

81.6 1.6 + 1-7 0.0 2.0 —20.8 — 0.0 11.4 + 1.0 85.8

87.2 13.7 6.0 3.5 + 5.6 + 2.1 + 110 4.0 9.5 88.6
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Name of

the OoU
Fmt

Qu:tdrant.

Second

Quadrant.

Third
Quadrant.

Kourlh
Quadrant.

Fimt
Quadrant.

Second
Quadrant,

Third
Quailiant.

Fourth

Quadrant
Nunc of

the DoL
Ori|!i

r.ra'l •

C.G 0.0 + 8.3 — 6.9 + 14.4 — 16.9 — 80 — 13.4
1

— 23.4 45°.0

1.4 — 4.8 — 0.6 16 5.9 87 5.5 9.7 16.1 46.4

2.8 10.2 9-3 24.0 — 2.9 14.3 9.6 17.4 22.3 47.8

4.2 13.8 15.1 28.3 12.8 22.3 17.9 19.9 33.8 49.2

5.6 13.7 12.5 23.3 16.1 26.0 21.6 26.7 31.9 50.6

7.0 15.9 16.8 28.7 19.4 25.5 26.0 23.6 28.9 52.0

8.4 17.6 19-6 32.0 27.0 32.0 27.8 30.3 38.3 53.4

.0.8 21.4 16.1 35.5 30.7 34.0 27.3 29.1 35.2 54.8

11.2 21.6 16.7 31.5 26.5 26.8 22.1 24.0 ."32.6 56.2

12.7 27.9 21.6 32.2 28.6 29.6 24.5 29.7 29.8 57.7

U.l 31.1 26.8 375 34.4 33.7 17.7 272 24.6 59.1

15.5 28.5 22.7 30.2 26.8 30.2 15.6 29.3 26.5 60.5

16.9 27.3 20.5 .32.4 32.7 19.2 15.3 24.1 19-4 61.9

18.3 29.9 18.2 24.2 25.7 21.5 14.6 18.8 23.7 63.3

19-7 20.2 13.5 20.6 22.2 19.0 21.5 22.4 17.4 64.7

21.1 22.4 59 22.1 24.0 18.8 199 22.8 , n.i 66.1

22.5 10.0 1.8 10.9 6.7 3.0 + 8.2 + 0.7 + 2.5 67.5

23.9 8.8 12.2 16.0 14.9 9.8 — 2.8 — 2.5 — 13.0 68.9

25.3 19.8 15.5 20.2 24.0 15.7 10.9 13.7 19-2 70.3

26.7 21.7 IG.l 20.0 33.0 21.9 7.0 21.8 25 8 71.7

28.1 22.1 12.8 23.8 3G.4 23.0 13.9 25.1 23.0 7'^.1

295 17.1 15.8 28.9 35.0 27.1 14.3 2.5.3 26.8 74.-

30.9 22.1 18.0 31.4 37.0 26.6 20.1 26.6 30.7 75.9

32.3 24.7 19.3 33.3 37-7 33.3 21.1 22.7 31.1 77..;

.^3.7 17.4 9-1 25.1 37.6 27.9 16.0 23.8 291 787

35.2 22.7 8.0 25.1 35.7 35.5 14.5 18.5 28.7 80.2

36 6 27.3 11.9 274 41.8 2 .3 9.0 22.4 27.3 81.6

38.0 26.5 15.6 26.9 40.6 21.0 G.ii 17.5 21.4 83.U

39.1' 26.4 16.7 24.8 43.1 27.S 5.4 21.0 21.6 84.4

40.8 25.4 7.2 25.1 33.6 31.0 7.9 15.4 12.6 85.8

42. 18.5 10.4 24.7 30.2 23.0 0.1 6.8 5.2 87.1

43.6 16.3 10.0 24.6 31.7 16.3 3.7 \->.9 6.4 88.6
1

4iO 16.9 s.o 13.0 22.4 + .'^.s 6.9
\ + 14.4

i
0.0 90.0
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viding.
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Jones suc-

ceeds in di-

viding a
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thod.

It can hardly have escaped notice, on perusing the

above account, how strictly Troughton has adhered to

the rncucim of Graham. Beginning with bisecting the cir-

cle, he has, by his mode ofexamination, without a change,

followed the principle through eight successive courses.

The action of the roller is stepping, notwithstanding that

it consists of the exactest species of contact, and closes

without a remainder; and so fully is he aware of this, that

256 checks are employed. As far as the examination and

computation is carried, Troughton's method, for aught

we know, may be as tedious as any other ; but, by the

contrivance ofcombining his subdividing- sector with the

roller, he throws the quinquisections and trisections al-

together into a species of engine dividing, and thereby

reduces the remaining part of the work to a labour lit-

tle sui-passing that of cutting the divisions.

After the above paper was published, several gentle-

men were of opinion, that the celebrity of Troughton's

graduation iwas owing mm-e to the hand and eye of the

artist, than to the method i)y which it was effected.

Troughton, it will be renie-nbered, in one pai-t at least

of the paper, expresses himself of a contrary opinion ;

and, to shew that he was not mistaken, we insert the

follov.ing letter, which was addressed to him by a rising

artist, who is not too conceited to profit by tlie skill and

experience of a veteran in the art

:

Dear Sir, " Charing-Cross, 15th July, 1813.

Letter from Having now performed the graduation of a
Mr Jones circle by your method, I take the liberty of addressing to

T "^^^'hto
you the following lines upon the subject. The method

roug n,
^jjjpji ^^g jjggj g^ jyj, Ranjsden's was, before your's ap-

peared, considered as the best. I learned it in the course

of instruction, and practised it with patience and perseve-

rance, for it requires much of both. I may, therefore,

be allowed to consider myself a competent judge of the

two methods ; and, without presuming more than be-

comes me, give an opinion concerning them. From
various motives, I feel great pleasure in saying, that

dividing by the eye. is greatly preferable to the other me-
thod ; the saving in time is very great, and accuracy in

the result certain. With these properties, which it

possesses in the first degree, were I debarred from
using it in future, I should return to the old method
with the greatest reluctance. I do not hesitate to say,

that 1 feel myself equal to the dividing of a circle with

a degree of accuracy equal to any one except yourself,

inor do I think I should be very far behind you) ; and
shall solicit that practice, which alone can make me

quite your equal in the art. With many thanks for

your liberal communications upon tliis as well as other

subjects, I am. Dear Sir, your most sincere and obliged

To Mr Edward Troughton. Thos. Jones.

Sir Caven- A paper by the late Henry Cavendish, Esq. called

dish's pro- " An improvement in the manner of dividing Astrono-
?°*^ "?* mical Instruments," was published in the second part

diming m^ of the Phil. Trans, for 1 8v)9. Mr Cavendish introduces

stnunents. his improvement in the following words

:

" The great inconvenience and difficulty in the com-
mon method ofdividing, arises from the danger ofbruis-

ing of the divisions, by putting the point of the compass
into them, and from the difficulty of placing that point
mid-way between two scratches very near togetfier,

without its slipping towards one of them ; and it is this

imperfection in the common process, which appears to

have deterred Mr Troughton from using it, and there.

by gave rise to the ingenious method of dividing de-
scribed in the preceding part of this volume. This in-

duced me to consider, whether the above-mentioned in-

•onvenieuce could not be removed^ by using a beam

compass with only one point, and a microscope instead Orig

of the other; and I find that in the following manner Clradm

of proceeding, we have no need ofever setting the point wT'f,"'

of the compass into a division, and consequently thatjij]|»j.

the great objection to the old method of dividing is en- fose& i

tirely done away." 'I'od ut

To this end, Mr Cavendish proposes to have a frame for <l"Vin(

supporting his beam compass, that shall rest upon the cir-
""'"

cle to be divided, and which, by bearing against the edge

of the latter, may be turned round without altering its

distance from the centre. The figure of this frame is

triangular, and nearly as large as the circle itself One
of the angles is placed outwards, and the opposite side

forms a chord of about 150° to the circle. One end of

the beam compass is attached to the outer angle of the

frame by a vertical joint, round which it may be turned

from one side to the other at pleasure ; and the joint

must be moveable in the direction of the radius, in or-

der that the beam may be adjusted, so as to form the

chords of different arcs. At the opposite end of the

beam is a fixed point, wherewith faint arcs are to be cut

across the line of division, and with which the divisions

themselves are finally to be made. There should be a

groove or slit cut out all along the beam, in which a dou-

ble microscope with cross wires is to slide, and which may
be fixed at any required distance from the point. Two
props, one to the right and the other to the left, are ta

support the end of the beam opposite to tlie joint in the

two positions.

With this apparatus, Mr Cavendish shews how to

perform the different operations required in graduating

an instrument, namely, to bisect, trisect, and quinqui-

sect ; but does not follow the subdivision through their

repeated courses.

In the bisection of an arc, the distance between the

point and the axis of the microscope, is to be taken as

nearly as may be to the chord of half the arc, and the

joint adjusted, so that the cross wires and point may
both at the same time coincide with the line of division.

With the beam to the right, by moving the frame upon

the circle, the wires ofthe microscope must be brought

to coincide with the point that marks the left boundarjr

of the arc, and then a faint mark across the line of di-

vision must be cut with the point. The beam is next

turned to the left, and the point which bounds the arc

on the right, is by turning the frame to be set to the

microscope, and another mark across the line made as

before. It is evident, that if the opening between the

microscope and point was exactly equal to the chord of

half the arc, the two marks would coincide upon the

line of division ; but if that opening was too great or

too little, the marks would cut each other without or

within the circle. But in neither of these cases would

Mr Cavendish put in a dot. Instead of which, when in

subsequent division these marks are to be used, as well

as when the final strokes are cut, he would place the

wire of the microscope by estimation in the middle be-

tween them, where they cut the line of division.

In quinquisecting an arc, the opening being taken as

near as possible, equal to the chord of a fifth part of it,

bring the microscope to one extremity of the arc, and

with the point make a mark across the line ; bring the

microscope to the mark just made, and with the point

m^e another mark, &c. until four are put in ; change

the position of the beam, and from the other extremity

of the arc set off four marks as before. If the chord in

the above operation was not correctly taken, it is evi-

dent that there will now be four double marks, and the

spaces between them equal to each other, and five times

greater than the enor of the opening. The real point

of quinquisection, reckoning from one end of the arc or
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|, nnd * of the space Iwtwecn them ; and these Mr Ca-

vendish would aUn Use by estimation in the subsequent

progress of the work. Mistakes in making a wrong
estimation of the spaces are to be prevented, by making
proper marks upon the circle opposite to them. Mr
Cavendish has given three different ways ofproceeding

;

but that which we have described, is the one which he

himself thinks the best.

To give a general idea of Mr Cavendish'- method was
all that we intended. To follow him thron^-h his whole
pa))er would be useless ; for, notwithstanding that much
ingenuity is displayed in pointing out such errors as he
foresaw it would be liable to, and in contriving means
to obviate them, we consider it as altogether inconsistent

with practice, and inelegant in design.

Immediately after Mr Cavendish's paper, we find

one by Professor I,ax of Cambridge in the form of a

letter to Dr Ma^kelj-ne. It is entitled. On a Mtkod of
examining t/w Divisions of Astronomical Jnslrumcv.ts,

The learned professor see* no reason why astrnnomers

should tnist to the ability and integrity of artists, when,
by means of a proper apparatus, they have it in their

own power to examine and note the error of evei-y di-

vision of an insti'ument. Mr Lax is in possesMion of

an altitude and azimuth circle, of one foot radius, made
by Mr Cary, and it is to this instrument that his exa-

mining apparatus is adapted ; but the computation of

error is expressed in general terms.

His apparatus consists of an arc fixed to the frame of

the instrument, exterior to, and concentric with, the circle,

and which stands still wl)ile the circle is turned round.

The arc contains about J)0*', and a microscope, which
slides upon it from end to end, may be clamped to any
part of it. The microscope regards the divisions of the

circle, and is used in combination with one ofthe read-

ing micrometers : the former has an inclination of about
30° to the latter, in order that both of them may be
made to coincide with one and the same division of the

circle ; by means of wliich contrivance, any opening
between them from to 90° may be taken. Professor

Lax finds the error of the division 180° by help of the

two reading micrometers, exactly as Troughton did,

but in every other step the examination is carried on in

a way quite different from that pursued by the artist.

The second step is performed when zero of the circle

is brought to one of the micrometers, and the micro-
scope fixed to the exterior arc at the division 90°, by
bringing in succession to the microscope the divisions

180", 270°, and 360°, and comparing the first arc of 90°

with the other three arcs of 90^, the difference of which
having been measured with the micrometer, and dis-

tinguished by 4- or— affords data for computing their

respective errors. In like manner, the first arc of 60*
is to be measured against all the other five arcs of 60"
precisely as the first arc of 90° was measured against

all the other arcs of 90". And again, the first arc of 45°

is to be measured against all the other seven arcs of 4'5°.

So far the I'rofessor proceeds before sunrise, in order to
avoid the effect of expansion ; the rest, on account of
the small arcs that are used, may be done at any time.

The arc of 30" may now be measured against every
succeeding arc of 30" in the first, third, fourth, and
sixth arcs of 60" ; and let the length be determined
from a separate comparison with the arc of 60" in which
it is comprehended, and not from a general comparison
with all the four. The arc of 1 5° must then be mea-
sured against evtry succeeding arc of 15' in all the
arcs of 30" except the second, fifth, eighth, and ele-

3

venth, and the value of each deduced from a compari- Origioi]

son with the arc of .S0° in which it is 'ont«ined. Gr»du»uon.

We will follow Professor Lax no liirt'ier in his inge- .,"',
~~^

niotis and laborious examination ; suffice it to say, that, l„„^J,^
by pursuing the same principle of comparing sliort arcs mrthcxl of

with their multiples, he olrtain.s the errors of every in- exjuniiiing

dividual division of his circle, down to the ten-minute
J^*

'••*""'

spices into which it is graduated. "'\'^
Mr Lax says, that with his microscojiesand his circle nnmienti.

of one foot r.idius, he cannot commit an error greater

than three quarters of a second in reading off, and with
this datum and that of the number of times that some
divisions have been dependent upon previous examina-
tions, he reckons upon a possibility of error in extreme
cases amounting to 9".63. This i.s a very large quan-
tity : the truth however b, that the examiner not only
under-rates the ability and integrity of artists, but also

the powers of his own mcttiMl. To make out the
above quantitj-, Mr Lax is obliged to suppose, that at

every step he commits the cfi-eatest possible error, and
that, in every course, the error lies in that direction

which produces the greatest accumulation. After the

examinations have been completed, and the calculations

made, the Profes.-icrr says :

" The time and labour required for this examination
are no doubt very considerable ; but it. ought to be re-

collected, that it will render any great degree of pre-

cision, in dividing the instrument, totally unnecessary.

Whoever, indeed, employs this method of examination,

will be virtually the divider of his own instrument;
and all he will ask of the artist, is to make him a point

about the end of every five or ten minutes, whose dis-

tance from zero he will determine for himself, and en-
ter in his book, to be referred to when wanted. We
may likewise observe, tliat, by this examination, we
shall not only be secured against the errors of division,

but against those fiiat arise from bad centring, and
from the imperfect figure of the circle, and wliich, in

general, are of too great a magnitude to be neglected."

Now, the greatest part of all this is certainly very Remarks on

true; yetwedoubtif astronomers in general will not save ^'I'^f*
themselves the expence ot the apparatus, and the trou-

'"*"'*'"

ble of performing the work ; and we think that they
will continue, as heretofore, to demand of the artist the
utmost exertion of his talents.

Professor Lax has shewn the analogy between his

metho<l of examination and that of observing by repe-
tition, as much practised abroad, which is but another
way of reducing the errors of dividing. As, however,
things do not easily get out of their usual course, we
are of opinion, that the paper under consideration will

have no tendency to relax the efforts of the artists of
this island to approach the {joint of truth, any more
than the improvement of the art of graduation will, upon
the continent, supersede the use of the repeating circle.

We are not satisfied with the inclining microscope.

In order that this should occasion no error, the plane
which bears the graduation should be almost a mira-
cle o{ tnith. Were the microscope so fixed as to be ca-

pable of being inclined as much the contrary way, the
effect of parallax would be contrary too ; and if a suc-
cession of the same angle were repeated in both jiosi-

tions of the microscope, an identity of results would
prove our doubts to be groundless, or a disagreement Captain K».

between them shew the thing we are afraid of.
^"'^ P™-

In the second part of the Phil. Trans, for the year
{JJ'^f

„"^',

1814, we meet with a paper by Captain Kater : it is ,i,iinc»nii.
calle<l, " An Improved Method of dividing Aitronomi- numicat

cal Circles, and other Instruments." rircles.
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To give a general idea of this metliod, which is itself

ideal, is all that we think necessary ; and with it, and

a general remark or two, we shall close our article.

This method is extremely like that of the Due de

Chanlnes : the chief difference between them is, that,

instead of the waxed pieces, Captain Kater proposes to

perform the work by means of two pieces wliich are to

be clamped upon the circle to be graduated, and ad-

justed to their places each by two appropriate screws.

He would use three tlouble microscopes, one plain witli

cross wires, the other two with micrometers : they are

to be applied to an exterior arc exactly like that wliich

ProfessorLax used in the examination ofhis circle. Cap-

tain Kater leaves the manner of fixing the arc to the

frame of the instrument, to the ingenuity of the artist,

who may practise the method ; a task by no means

easy, considering the stability tliat would be required.

The cutting-frame of Hindley is to be used, which,

being properly placed at one extremity of the exterior

arc for tracing the divisions, the plain microscope should

be fixed over tlie tracer, and adjusted to a line drawn

with it exterior to the circles which are to bound the

length of the divisions : this is called the line of verifi-

cation. The fixed microscope not only regards this line

and a dot upon the cutting apparatus, but also assists

the eye in tracing the divisions. This is altogetlier a

good contrivance ; for by it the stability of the several

pai-ts may be examined at pleasure, and, if necessary,

rectified. The two micrometer microscopes are also

applied to the exterior arc, and have a range upon it from

contacttoadistanceof one-fifth part of tlie circle. After

being clamped, they have each a screw-adjustment in

the line of the radius, and the adjustment for the cor-

rect angular opening is found in the micrometer wire.

Captain Kater would first divide the circle into five

equal parts, then trisect each oi' these, and then would

perform another trisection. This is not the course that

an artist would take : his instruments are to be read off

at opposite divisions, and he would not toil tlirough the

most difficult part of the work without a trial. De
Chaulnes, in the first instance, bisected the circle, and
whatever course he afterwards followed, every division

would have its opposite ; but Captain Kater's scheme
admits of no opposites until his arcs of 8° are bisected.

The Duke, in every subdivision, left waxed pieces at

every step of an interval, wliich he could examine again

and again, before he cut the divisions. But Captain

Kater, by using but two adjustable pieces, deprives his

method of that advantage ; for, in order to obtain a

proper opening between the microscopes, tlie two pieces

are set alternately in advance of each other, and a blank

space is left behind.

In all operations of this kind, there is a certain space

that one may either see or not see, and which Mr Lax,

in liis circle of one foot radius, which is the same that

Captain Kater proposes to divide, states to be three

quarters of a second. Now if, at the time that the

opening of 72° for quinquisecting the circle was ad-

justed, a succession of five -J-
errors to that amount

were committed, the circle would appear to be equally

quinquisected, by an opening of ".75 — its proper
measure. And with this error of opening in the simi-

lar operation for cutting the divisions, let it be supposed,
that at each step of shifting the adjustable pieces, a —
error to the same amount were committed, then it is

evident, that the division 288° ^yould err by a quantity

8 X "-75 = 6". This is Professor Lax's way of reckon-
ing the amount of error, which is indeed too severe ;

but, in the case wliich we have exemplified, there is

nothing improbable in the supposition, that the error

might amount to more than half that quantity, and yet
neitiier the apparatus nor artist be at all to blame.
Captain Kater observes, that errors, if any, would be
seen: True; but divisions havebeen cut,andwhat is to be
done with them ? 'I'hey are of course to be rubbed out,

and a trial again made, in hopes of better luck.

Besides this, the method before us is still farther very
objectionable. A division, when cut, whatever its er-

ror may be, communicates that error to others made
from it, through every course of subdivision ; and tlius

the sins of the fathers are visited upon the children
down to tlie seventh generation.

Tlierc is another thing that is not adverted to by Cap-
tain Kater : no division can be viewed by the micro-
scopes, to any useful degree of accuracy, until the bur
is ))olished off; and the frequent recourse that must be
made to this operation, which could not be done with-
out carrying the circle rouiid, to get it out of the way
of the apparatus, woidd prove a source, not indeed of
inaccuracy, but of very much embarrassment and de-
lay. It may be observed, that the method of coaxing
is fuUy as much liable to this objection, and that Trough-
ton's is the only one that is perfectly free from it.

Captain Kater's apparatus is the most complex, and,
if made, would be the most expensive, that has been
either used, or proposed for graduating ; and we should
remark, that the method would turn out to be extreme-
ly tedious. The Captain expresses himself upon both
tiiese matters as being of quite a different opinion : we
are not surprised at this, considering, as we do, how
much faster the nimble ideas of a speculator get on,
than the fumbling fingers of an artist.

1 he gentlemen graduators have one and all rejected

the maxim of Graham : they know that it is not geo-
metrically true, and to what extent it is practically so

are perhaps uicapable ofjudging. The bisection of an
arc, as Graham meant it to be understood, consisted in

setting off the chord of half that arc from left to right,

and then from right to left. It was a condition, that

the points of the beam-compass -should be so sharp,

short, and strong, that they would not be deflected to-

wards the arc struck in the first position, when that in

tlie second was made, even were the distance between
the points somewhat erroneous ; for, in tliis case, the

line of division would only be intersected by a broader
stroke, which would still occupy the mean distance.

Graham would have said, that this kind of bisection

continually halved the error; while that of the gentle-

men, which he would have denominated stepping with
the chord of half the arc, was continually extending it.

As division by three, five, &c. cannot be performed
without stepping, Graham pronounced them to be prac-

tically impossible.

It is our opinion, that the art of graduation is now in

a state not to be improved by any one who is not a

practitioner. Those who excel in the highest branch,

are men capable of thinking for themselves, and of
course, for improvement, will naturally look inwards.

On the otlier hand, the effusions of gentlemen can do
no harm, for their schemes will ever be inconsistent

with practice. Should they, which, is possible, sug-
gest an useful hint to tlie practical man, it ought to be
accepted with gi'atitude ; and, at any rate, their well-

meant endeavours should be kindly, received. With
this view before us, we think, that when the real gra-
duators of instruments shall be incorporated into a so-

ciety, Professor Lax should be chosen an efficient mem-
ber ; that Captain Kater ought to be admitted an hono-
rary one ; and that we ourselves, after all this, m,ij-

look up to the latter distinction.
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fi GRAIN. Sec Agricumihe and CoHN Laws.

"^"^T'of
f^'l^AlIAM, .Tames, Marqnit of Montrose, an emi-

,!,p^ nent soldier in tlie reigns of Charles I. and Cliarios If.

—.' and distinguished by his enterprises against the Cove-

nanters in Scotland.

Having been treated with some disrespect by the

King, Charles I. he was at first nttiiched to the c uise of

the I'resbyterians, and supported them in their endea-

vonrs to secure the civil and religious lil)ertie8 of the

nation. It has been questioned, indeed, wliether he

was sincere in this attachment ; and it must be owned,
- that, in the early part of his life, his conduct had every

mark of duplicity and perfidy. Even his panegyrists

have allowed, that his intercourse with the Presbyte-

rians wa-s that of convenience, not of inclination ; that

he enrolled himself in their armies, and held confe-

rences with their divines, in ortler to be admitted into

their secret counsels ; and that having obtained the in-

telligence which he required, he made use of this intel-

ligence against the very party whose confidence he had
enjoyed. The facts are certainly strong. At one time

he was entrusted with a high military command among
the Covenanters, and actually passed the Tweed at the

head of their troops ; and the historian of England as-

sures us, that, at this very time, he had entered into a

close correspondence with the partizans of the king.

At length, after a course of perfidiousness, unworthy
of his illustrious birth, and, it must be acknowledged,
altogether at variance with his general character, which
appears to have been that of manliness and heroism, he
disclosed all he knew of the purposes of the Presbyte-

Krians, and openly declared his attachment to the royal

cause. Such, however, was his vacillation, to give it

no other name, that Charles himself was for some time

unwilling to trust him ; but having succeeded in de-

taching the Hamiltons, who were his political antago-

nists, from the confidence of the monarch, he rose in

the royal estimation, and was at length appointed lieu-

tenant-general of the king's forces in Scotland.

Yet he who deserted the cause of liberty and of true

religion, and betrayed his countrymen, proved faithful

h to his king. He had taken upon him, however, as

P Burnet expresses it, the jwst of a hero too much. With
very inadequate means, and relying chiefly on his per-

sonal prowess, he undertook to subdue the Presbyterians

by force of arms. And, at this time, the Presbyterians-

were not, in strict language, a party in Scotland ; they
constituted the strength and the talent, the energy,

physical and intellectual, of nearly the whole nation ;

they were united in the cause of religion and of liberty,

bound by a public and solemn engagement to adhere
to it with their fortunes and their lives, supported by
the English parliament, confident in the purity of their

intentions, arid not without encouragement from pre-
vious success. Yet while all this must be allowed, the
progress of Montrose, temporary and partial as it was,
may serve to shew how much may be atchieved by the
enterprise of one man's mind, and the effort of a single

arm.

His first concern was to draw around him those of
the Scottish nobility, who were either more attached to

the king, or less intimately connected with the Presby-
terians, Among the persons of distinction who joined
him on this occasion, historians have not faile<l to men-
tion the Lord Napier of Merchieston, son of the cele-

brate<l inventor of the logarithms ; the Earl of Antrim,
a nobleman of Scotch extraction, and who brought ia-

VCL. X. PART 11.

to the field a body of the Macdonalds w))ohad served in

Ireland, and the two sons of the Marquis of Huntly.
'I'o these we might have added the Alnrquis himself,

the chieftain of the powerful clan of the CJordons ; but
the Marquis had studied astrolo^ry, and had learned
from the stars, that neither the king, nor the Hamil-
tons, nor Montrose, should prosper. According to Hur-
nct, he was natundly a gallant man, but the stars had
so subdued him, tliat he made a poor figure during the
whole course of these wars. Discourugmg as the pros-

pect appeared, Montrose, or as he was usually cdled,
" the Graham," was in haste to take the fieKI. Joining
himself to the Macdonalds, and about eight hundred of
the men of Athol, who had (locked to his standard, he
prepared, with incredible activity and expedition, to
attack the Lord Elcho, who lay with a considerable bo-
dy of troops in the neighbourhood of Perth. No gene-
ral, either of ancient or of modern times, was ever more
rapid in his marches, or more fierce in his onset, than
the Marquis of Montrose. Though inferior in num-
bers, destitute of cavalry and of artillery, and so ill

furnished with ammunition that he was obliged to an-
swer the discharges of the enemy by a volley of stones,

he assailed the Covenanters with such imexpected fury,

that he threw them into disorder, pushed his advantage,

and gained the victory ; he himself combating with his

broad-sword among the foremost of his troops, and ani-

mating them by his example. The slaughter of the

Presbyterians was great, amounting, by some accounts,

to two thousand men ; and the town of Perth opened
its gates to Montrose, in consequence of the battle. On
this occasion, he had an opportunity of proving his cle-

mency, a quality which entered largely into the forma-
tion of his character, and to which he made a conso-
ling allusion when about to prepare for the scaffold ;

for he took possession of the town without injuring its

inhabitants, and restrained even the Highlanders trom
their well known propensity to plunder.

But if the town of Perth experienced his clemency, he
let loose all the rage ol"predatory warfare upon the coun-
try of the Duke of Argyle and the estates of the Hamil-
tons; theformer,aleadingmanamongthe Presbyterians,

and the personal enemy of Montrose, and the latter bis

rivals in the favour of the king. At the head of
the Macdonalds and the Irish, he attacked Argyle-
shire with the ferocity of a Tartar, carrying off the
cattle, in which the wealth of the inhabitants consist-

ed, burning the houses, and wherever he met with
opposition, putting men, women, and children to the

sword. His panegyrist Wishart informs us, and in-

forms us without apology or remorse, that he sent out

his troops " to kill and to destroy." In these expedi-

tions, the life of " the Graham*' was frequentlj' in dan-
ger. He was constrained to make very long and Ut-

tiguing marches, often in the night and in the depth

of winter, through a mountainous and pathless district

;

and he was opposed by the Campbells, the hereditary

enemies of his name, warm from the effects of recent

aggression, and equally active and revengeful with the

other clans of the north. These, however, were anta-

gonists that might be encountere<l, or sufferings that

might be enduretl ; but the age was barbarous, and he

seems not to have perceived that he had tarnished

the lustre of his atchievements by the rapacity of a
free-booter. And what was still more to be regretted

by the royalists, he had suffered his numbers to be di-

minished without rendering any essential or lasting

service to the cause of the king.

3c

Giakaoi.
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Graham, We must refer our readers to tlie author of the Me-
:Jtarquisof moirs of the Marqui.i of Montrose, for a particular ac-
Montiose. count of his expeditions and battles. Early in the
^'•^{"^^

spring of 1645, he carried the town of Duntlee by as-

sault, and gave it up to be plundered by his soldiers.

In the same year he defeated Urrey at Auldcorne,

and Baillie at Alford. But it was at Kilsyth that

he performed one of his greatest atchievements, and

raised his character as a soldier. The battle of Kil-

syth was fought on the 15th of August 1645. The
forces on both sides were nearly equal, but the cha-

racter of the troops was not exactly the same ; those

of the Covenanters being, for the most part, newly
raised, while the followers of " the Graham" had
been disciplined under his immediate inspection,

and accustomed to the field. The Presbyterians

were commanded by General Baillie, the same offi-

cer who, in the month of July preceding, had

been constrained to yield at Alford ; and he was

assisted, on this occasion, by the Earls of Crawford

and Airly, Sir William Murray of Blabo, Colonels

Dyce and Wallace, and other adherents of the po-

pular party. It is said that Baillie was displeased with

the quality or the condition of his troops, and engaged
with reluctance. The action commenced by an attempt

of the Covenanters to dislodge a small party, which
Montrose had stationed near some cottages in the vici-

nity of Kilsyth ; but the assailants were very warmly
received, and at length driven back with considerable

loss. At tliis moment, a body of Highlanders, amount-
ing to 1000 men, without waiting for orders, rushed
furiously upon the Presbyterians ; these were support-
ed by the Earl of Airly, at the head of 2000 of the in-

fantry, and three troops of horse. The rest of the ar-

my imitated the example of Airly and the Ogilvies
;

the ranks of the Covenanters were broken ; no effort

of their generals could restore them to order, and a
complete rout ensued. Six thousand of the Presbyte-
rians fell in this memorable action ; and, in one disas-

trous day, the cause of religion and of independence
was left without the aid ofany regular army in Scotland.

After the victory at Kilsyth, Montrose appears to
have been elated beyond what we should have expect-
ed in so great a commander, and certainly beyond the
amount of the essential and profitable service which he
had performed. Though he was not in possession of
any of the strong holds, or important passes, he M'rote

to the king as if the whole country had submitted. In
those days, both parties made an indiscreet use of the
language of scripture ; and with improprieties of this
nature Montrose is justly chargeable, as well as the
chieftains of the covenant ; though, if we were to con-
sult the most popular history of the period, we should
be led to believe that the practice was peculiar to the
Presbyterians. He assured his Majesty that he had
over-run the country, « from Dan even to Beersheba;"
and prayed the king to come down, in the words of
Joab, the Hebrew leader, originally addressed to king
David, "now therefore gather the rest of the people
together, and encamp against the city, and take it, lest
1 take the city, and it be called after my name."

The fortunes of Montrose now began to decline.
Having advanced, upon some insufficient encourage-
ment, towards the English border, he attempted in
vam to rouse the Earls of Huttie, Traquair, and Rox-
burgh, and to animate them in the royal cause. He
was deserted likewise by his own troops ; for the High-
landers, unaccustomed to a protracted courie of mili-

tary service, had retired to the hills, in order to secure Grahai

the plunder-*hichthey had obtained. He was, moreover, Ma^q""!

extremely deficient in cavalry. In these circumstances,
*'"""'

" the Graham" was met by Lcsly, the general of the ~ '*"

Covenanters, who had been detached from the army in

England ; and at Philiphaugh, in Ettrick Forest, the

royalists were defeated in so tremendous and so fa-

tal an overthrow, that they were never afterwards able

to make head against their antagonists. Montrose,

though worsted in the issue, did every thing which ex-

perience could suggest, or bravery could fulfil, but the

assault of Lesly's cavalry was not to be withstood.

Some say that " the Graham" had become careless, in

consequence of his success, and that he had allowed him-
self to be taken by surprise; and, perhaps, he had
dreamt of vanquishing the Covenanters by what his fol-

lowers were wont to call the terror of his name. But
whatever truth there may be in these surmises, it is

certain that he was compelled to fly with his broken
forces into the mountains, and to prepare with more
leisure than suitetl his character for new battles and eci-

terprises. His life was now little else than a series of
misfortunes. During the progress of the English par-

liament, he quitted the kingdom ; and some time pre-

vious to the arrival of Charles II, in Scotland, he made
one other unsuccessful attempt to restore the monarchy
by force of arms.

Some prophet of the Royalists had assured him, (for

the Royalists had their prophets as well as the Covenan-
ters, ) that to him, and to him alone, it was reserved to

restore the king's authority in nil his dominions; and
he eagerly listened to an intimation which agreed so

well with his enterprising genius. But, notwithstand-

ing this augury, he was defeated by Strachan, one of
Lesly's captains, and taken prisoner after the battle, in

the disguise of a peasant, " having thrown away his

cloak and the star upon it."

The Covenanters made a rigorous use of the victory,

and treated tlieir illustrk)us captive with a degree of in-

solence which can find no other apology than the bar-

barisiti of the period in which they lived, and the treach-

erous manner in which he had deserted them. He was
brought to Edinburgh under every circumstance of ela-

borate indignity ; and after a trial before the Scottish

parliament, during which he conducted himself with the

utmost presence ofmind, and with a magnanimity which
his enemies were constrained to admire, he was senten-

ced to lose his life by the hands of the public executioner;

and with a lofty composure, and using some pious eja-

culations, he submitted to his fate. Thus was closed,

at the age of thirty -five, the career of James Graham,
Marquis of Montrose, a man unquestionably of a most

noble and heroic character, bold, active, and for a tune

successful. All history unites in recording his at-

chievements, and in celebrating his valour : but he was
brave in the hour and in the tempest of the battle, ra-

ther than skilful in forming the plan of a campaign.

He took up arms against the Presbyterians, without a

prudent estimate of his means. And it may be doubted

whether, with all his courage and all his activity, his

exploits were of any service to the cause of the king.

It has been said that he was no stranger to elegant li-

terature ; but while every one allows that the verses

which he composed on the evening before his death may
be regarded as proofs of the serenity of his mind, there

are few who will be ready to acknowledge tliem as a very

favourable specimen of his attainments in the poetical

art. One foul spot remains upon his character ; he be-



G II A H A AL 387

nJiiril ef trayed the cause of liberty, and the friends of his early

CUvcr- life ; ii', indued, it be not a fouler and more indelible

^

house, stain, thnt he continued through a series of heroic en-

'^f—' dea\oufs, the chan>i)ion of n cause which liad ior its ob-

ject to establish an unlimited power in the nation, and

to force, by a military apostlesliip, an abhorred religion,

upon the acceptance of the Scottish people. See V\ ish-

art's Memoirs of Montrose ; Hume's Uistori/ nf Kiii;-

land, vol. x. xi. ; Principal Baillie's Letters and Joimia/s,

vol. ii. ; Burnet's Own Time, vol. i. ; and Fox's History

of the rnrlfi part of the Uiign of James II. (h)

Cil!AFl.\M, .loHN.ofCLAVEniiousE, Viscount Dundee,

a celebrated tuilitary characterwho flourished in the latter

part of the 17th century, was descended from the noble

family ofMontrose in Scotland. Being ofan ardent mind,

and animated from his eailiest years by the study of the

poets and orators of antiquity, as well as by the tradition-

arv songs of the Highland bards, he entered early on a

military life, and served in the Low Countries, against

the Frencli, in the war of 1()7'2. At tlie sanguinary bat-

tle of Senex, he was instrumental in saving the Prince of

Orange's life, and he afterwards made application for the

command of one of the Scotch regiments in the Dutch
service. The request was premature, and was conse-

quently declined by the Prince of Orange, on which

Dundee withdrew frtim the Dutch service in disdain.

Returning to Scotland, he obtained a regiment from

Charles II. and distingtiished himself by his services

against the Covenanters. From James II. he obfciined

a title, and high command in the army. Having been

ftccused of cruelty in bis operations against the Cove-

nanters, he plea<led in excuse, that " terror was true

mewv, if 't put an end to or prevented war." It was

af;er tlie flight of James II. and the consequent pro-

ceedings in Scotland, on the subject of his abdication,

that Dundee became cliiefly conspicuous. From his cru-

elties against the Presbyterians or Covenanters, in

Scotland, " a poor people, made desjjerate by the vio-

lence of their jn-rsecutors ;" he is still «|x)ken of in the

western counties under the designation of the Hloody

Claverhouse. In the year 1679, he marched with a

party of dragoons, in order to disperse a meeting of the

Covenanters, at Loudon-hill, in Ayrshire It was a

day of peculiar solemnity, when the ««erament of the

Lord's supper was to be admimstered ; a great multi-

tude, amounting, as Defoe assures u«, to many thou-

sands, had assemble*! from difterent jwrts of tlie coun-

try ; and the people sat upon the ground, on the side

of a steep hill, while one of their ministers preached

to them from a little tent placed at the bottom. As was

usual and necessary in those troublous times, a consi-

derable proportion of the audience were provided with

arms. When Claverliouse approached, these last with-

drew to a short distance from the body of tiie congrega-

tion, and waited in good order for the assault of the

king's troops. A close and furious engagement took

place at Drumclog ; the dragoons, ad\ ancing hastily,

and without the requisite precautions, were surprised

when they found an enemy well prepared to receive

them ; and the Covenanters, after maintaining tlieir po-

sition for a while, pressed forward against tlie royal

forces, and compelled them to retreat. Claverhouse
h-.uiself had his horse shot under him, aiKl escaped with
difficulty. But the victory, which was tai from being
decisive, was dearly bought on the part of the Presby-
terians. For soon al\er, being collected in greater num-
bers, and joined by Hamilton of Preston, and other

jjentlemcp of tlie west, they ventured to oppose the

king'a troops under the Duke of Monmouth, in the

well-known action at Bothwellbridge. Previous to this

action, however, dissensions hiul crept in among them ;

they were deficient likewise in the subordination and
discipline, without which it is impossible to resist the

()ttacK of a trained and constituted soldiery ; and in addi-

tion to all their other wants, they were ill provided with

arms, and especially witii artillery. The consequence
was, tliiit the royalists made themselves masters of the

bridge at the very first onset, anil drove the Presbyte-

rians before them willj a great antl indiscriminate

slaughter. It is true the Duke attempted to restrain

the fury of liis troops ; but the inferior commanders,
Linlithgow, Mar, Hume, and Claverliouse, disregarded

the orders of their General, and shewed no symptom,
either of pity or of remorse, in the pursuit of the dis-

comfited Presbyterians.

But tlie cruelties of Claverhouse did not terminate

with the battle of Bothwellbridge. What Burnet says

of Dalziel may be affirmed of this commander, witli

equal, or perhaps with greater, truth; that lie acted the

Muscovite too grossly, threatening to spit men and to

roast them alive. A whole year after tiie battle was
spent in attempting to discover those who had been
present at Uothwell, and in putting them to death, or

otherwise punishing them. Many were slaughtered in

cold blood ; many were shot because they would not

acknowledge the rising, (as the Covenanters called it),

to be rebellion against the king ; not a few were put to

death upon theic knees, declaring that " they were no
way concerned in the Bothwell affair," and recommend-
ing their souls to the mercy of heaven. Trials, and ju-

ries, and regular proof, were rejected as impediments
to the king's service. The prisoners were simply ask-

ed whether they owned the rising at Bothwell to be
rebellion ; and if they hesitated, or answered ambigu-
ously, they were instantly shot. Even the private sol-

diers were authorised to ask such questions, and to in-

flict the punishment. Children were tortured in order

to force them to discover where their parents were con-

cealed ; wives were constrained to leiid the soldiers to

the retreats where their husbands or near relatives

had taken refuge; and young and tender women were
stript naked, and thrust out into the cold. There
being a great in<-ijority in the Scotch Convention on
the side of William, Dundee took the detennination

of withdrawing, and of exerting himself to serve

the cause of James in tlte field. He left Edinburgh
witii a troojj of 50 horsemen, after in vain urging the

Duke of Gordon to accompany him to the Highlands,
and raise his numerous vassals in tlie cause of the

Stuarts.

In the beginning of May lfi89, Dundee openly took

up arms in the neighl)ourhood of Inverness, and exert-

ed himself with so much activity, that his force increas-

ed to 6000 men. As a descendant of the Marquis of
Montrose, he was the object of much attachment on the

_

part of the Highlanders, some of whom even forsook

their family leaders to fight under his orders. King
William dispatched General Mackay against him, at the

head of a regular force, and two months were passed in

great impatience by Dundee, in consequence of ordflw

from King James not to fight until tlie arrival of a ha^
force from Ireland. During this interval, Dundee wac
obliged, from deficiency of provisions, to shift bis quar-

ters continually, and be performed very extraordinary

mardies. His men were exposed to frequent priva-

tions, but disdained to complain, when they saw their
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Gr.'T.m of commander livina; on the same coarse fare with them-

< .ver-
selves. * When he acted oflensively, his approach was

' '_ so rapid, as generally to outrun the notice of his move-
ments ; and in retreating, he was commonly out of reach
before the enemy was apprized of liis intention. His fol-

lowers were chiefly Highlanders from the interior, antl

were extremely impatient of delay in fighting. It pro-
ved on all accounts matter of regret, as the reinforcement
from Ireland, on arriving at last in the end of June,
was found to consist of only five hundred raw and spi-

ritless recruits. General Mackay had now determined
to march through Athol, and attack the Castle of Blair,

which had been taken by Dundee, and by him put into

tlie liands of one of James's adherents. Dundee, aware
that the loss of this place would interrupt the commu-
nication between the two divisions of the Highlands,
determined to bring on the long delayed conflict, and
marched southwards with a force considerably dimi-
nished, many of the Highlanders having returned home
to get in their fuel for tlie winter. In marcliing north-
wards. General Mackay had to ^o througli the pass of
•Killicrankie, a pass consisting of a road, wliere for two
miles not more than six or eight men could, at that
time, go abreast. On the one hand are steep and
rugged mountains ; on the other, a precipice hanging
over a deep river. Dundee declined to occupy tliis

pass, or to obstruct the advance of the enemy, but deter-

mined to fight after Mackay had reached the northern
side, in the hope tiiat he migiit defeat him, and cut off

hn retreat by obstructing the pass. Mackay's army
marched from Dunkeld in the morning of the l6"th of
July; and after resting at the mouth of the pass, march-
ed through it about noon. Arriving at the open ground
on the farther side, they saw Dundee's soldiers resting
at a distance on the side of a hill. Mackay drew up
his men in order, and wished to bring on the engage-
ment without delay ; but Dundee knowing that night
would be of ad\',intage to the Highlanders, whether
successful or defeated, delayed the attack till half an
hour before sunset. At that time he made his men
rush down from their station, and begin the attack in

a series of small columns on the wings of the enemy,
on the calculation that this motle of onset was most
likely to bring on an action hand to hand, in which he
was certain of the superiority of the Highlanders. Such
had been the disposition of the Marquis of Montrose
at the battle of Alderne. Dundee's plan was com-
pletely successful ; his columns piercing, though not
without considerable loss, through the opposing line
in many places, and taking the soldiers in the flank
and rear, in a manner wholly unexpected by regular
troops. Of all Mackay's men, in number 5000, the
centre only, consisting of a regiment and a half, re-
treated in good order. The rest fled in confusion; and
Dundee having mounted on horseback, pushed forward
to point out to his men the manner of cutting off the
retreat of the enemy at the mouth of the pass. Per-
ceiving in a little time that he had got a head of liis

followers, he stopped and waved his arm in the air to
make them hasten their pace, pointing with his hand
to the pass as the object of their exertion. Reing thus
rendered conspicuous, ^he became an obiect of aim to
some of the enemy's soldiers, and a mus'ket ball found
entrance beneath his arm pit, in an opening of his ar-
mour, occasioned by the elevation of his arm. He rode
off the field, after desiring his misfortune to be con-
cealed; but no precautionary orders could make up for

his absence, as the Highlanders, on falling in with the

enemy's baggage, gave over the pursuit, and betook
themselves to plundering. The remains of Mackay's
army consequently effected their escape, though witli a
loss of 2500 men. The loss of the Highlanders was
nearly 900. Many of the fugitives were killed or ta-

ken by the Athol men, whom Dundee had the day be-
fore ordered to be in readiness at the south-end of the

pass. Mackay not daring to venture through it, took
his course through the hills to tlie westward, whence
looking back, and seeing no regular pursuit, he said

to those around him, that he was sure the enemy had
lost their general. A similar observation was made by
King William, who hearing that the express sent to

Edinburgh with the account of the defeat had been de-
tained a day on the road, exclaimed, " then Dundee
must have fallen, for otherwise he would have been at

Edinburgh before the express." Some days after, when
William was urged to send a strong detachment of
troops to Scotland, he replied, " It is unnecessary; the
war has ended with Dundee's life." After riding off

the field, Dundee had still strength suflficient to write
an account of the action to King James. In this dis-

patch, he anticipated a general insurrection in the coun-
try in favour of the absent sovereign; an attempt in
which Dundee might have obtained a degree of success

similar to tlie Marquis of Montrose, had he been spaj-ed

to follow up his victory. His wounds, however, were
mortal, and he expii-ed the next morning.
Though the Highland army was kept together, and

even descended during the next two years into the low
country, nothing of importance was accomplished, and
as William had predicted, there was little difficulty in

concluding a peace.

The estate of Lord Dundee was made over, after his

death, to the house of Douglas ; and his widow mar-
rying again, and retiring to Holland, became, along
with her children, the victim of a dreadful misfortune;
the house in which she resided at Utreclit falling sud-
denly in, and overwhelming the whole family in a few
moments. The title of Dundee has not been revived
since the death of this distinguished commander.

See Wodrow's History of the Church of Scotland,

vol. ii. p. 1 ; Defoe's Memoirs, p. 197; Swift's Life of
Captain Creichton, p. 298.

GRAHAME, James, best known as the author of
the Sabbath, was the son of Mr Thomas Grahame, a
highly respected writer, or attorney, in Glasgow. He
was bom on the 22d day of April 1765. The peculiar

mildness, and the religious cast of his character, and of
his pursuits in the latter part of his life, may be traced

back to his training in infancy and youth, by a father

and mother who were distinguished for their warm and
enlightened attachment to Christianity, and for tlieir

chastened cheerfulness of temper and manners. Gra-
liame's minute and delicate discernment of the beauties

of nature, and his delight in observing all those nicer

shades, which are unnoticed save by the contemplative
eye and the feeling heart, probably had their source iu

liis holiday enjoyments on the picturesque banks of the

Cart. He and his elder brother were accustomed to

pass, at his father's summer residence, in this sweet re-

tirement, those hours which are distinguished from all

the other hours of life, by admitting not only of cessa-

tion from study, but of carelessness of the past and fu-

ture, mingled with the gay and ever-varving illusions

of juvenile fancy. His education was begun at the

r,r
."• "I'

'""""."'/^ to march on foot with his men, at one time by the side of one clan, and afterwards by that of another,
Iisplaying his knowledge of their.genealogies, and reciting the deed* of their ancestors.
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ptrnmmar school of hi« native city, whore he was dis-

tinfjuished more for playfulness, than for brilliancy of

talents ; and where he evinced a disposition to frolic-

some sprightliness, which gave little promise of the

thoughtful and retired character of his manhood. From
the school, he passed to the university of Glasgow,

which he attended for five consecutive sessions, during

the two last of which he studied the theory of law and
government under the celebrated Professor Millar, from

whom he imbibed that enthusiastic love of freedom,

and that warm attachment to the constitution of his

country, especially the popidar part, which formed a

distinguishing feature in his character through life. This

attachment to the cause of freedom, induced him at first

to take a warm interest in the success of the French
revolution, and led him.it a later perio<l of his life, with

honourable consistency, to express his detestation of that

spirit ofaggrandisement, which marke<l the conduct of

too many of its .ibettors; and especially of the military

despot, who availed himself of the misfortunes of tlie

country that cherished him ax her adopted son, to de-

stroy her liberties, and desolate the fairest portion of

Europe.
When the anxious period arrived, at which it was ne-

cessary for him to fix on a profession, Grahame would
have preferred the simple and unostentatious duties and
the humble emoluments of the Scottish church ; but he
suffered his own choice to be overruled by the persua-

sions of his friends, who fancied that they could foresee

or secure more certain success for him in the law. Af-

ter receiving some professional instruction from his fa-

ther at Glasgow, he was indentured, in his twentieth

year, as an apprentice to his cousin Mr Lawrence Hill,

writer to the signet in Edinburgh, in 1784. It was
about the time of his passing writer to the signet in

1791, that he had the misfortune to lose his father ; a

misfortune which sunk the more deeply into his feeling

heart, from the circumstance of his absence on that

occasion. The consolations of religion were at this

time peculiarly salutary to his wounded spirit, and his

desire for the clerical office returned ; but he again

yielded to the arguments of his friends, who urged

the obstacles that his age now presented against his

entering the Scottish church, in consequence of the

length ofprevious study required, a circumstance which
also appeared to them a barrier to his preferment in the

church of England. He acted for some years as a wri-

ter to the signet, and passed advocate in 1 795. Though
his professional knowledge was extensive, and his law

papers were ably written, there were various circum-

stances, which combined to prevent him from attaining

a conspicuous station at the bar. Want of relish for the

minute and tedious details of the practice of the law,

and a bad state of health, were the principal obstacles

;

and probably these were the chief causes of his seeking

relief in poetical composition.

He was most happily married in 1802, to Miss
Graham, the eldest daughter of Mr Graham, writer in

Annan, and town-clerk of that burgh ; and in the en-
dearments of domestic life, which no man could enjoy
with a truer relish, he found a never-failing solace amid
the cares of business, and the growing infirmities of his

delicate constitution. In 1808, his declining health made
him resolve to retire from the bar, and at last to adopt
the profession, to which his mind had adhered with con-
stancy from his earliest years. After some abortive at-

tempts to obtain ordination in the English church, he
was admitted to holy orders by the Bish»p of Nor-

3

wich in May 1809, and soon entered on the curacy Cnhaaie.

ofShipton, m Gloucestershire. He found his new du- J«inc».

ties easy and pleasant; but family reasons compelled '^"^i'''™'

him in a short time to abandon them, and return to

Scotland. After various changes, which are too unim-
portant to be recorded in a work of this nature, he wa»
finally settled in 1811, as curate of the parish of Sedge-
field, in the neighbourhood of the city of Durham. His fi-

gure was tall, and his features striking, and liis«ennons,

ifnotanimate<l, were interesting andeamestly impressive.

Hishenevolcnt and ardent concern for the poor and afflict-

ed of his flock, secured for him an interest in their hearts,

which, however, he was not to be permitted long to re-

tain. Severe headach, to which he h;id been occasionally

subject from his early years, and which materially injured

his memory and other mental faculties, increased consi-

derably about this time ; and the disease had Jiow made
an alarming progress, which was soon to rob his flock of

their pastor, his family of their best friend, and tlie world

of a poet, who combined the sublime chords of David's

har[). with the simplest melody of the sylvan pipe. la

August 1811, he returned on a visit to Scotland; and
on the 14th of September, he expired in the house of

his elder brother at Whitehill, near Glasgow, in his

47th year. His ashes rest in the sepulchre of his fa-

thers. His afflicted widow, who was absent at the time

of his death, and occupied with the duties of her family,

was little prepared for this severe trial. She soon after

fell into bad health, and died in the year 1815, leaving

a son and two daughters to bewail the early loss ofbo^
their parents.

Kindness and sympathy for every thing that could feel,

were among the strongest characteristics of Grahame's

mind ; aud those local attachments, perhaps we may
call them local prejudices, which find a place in every

mind of sensibility, were deeply rooted in his. We do

not think it will be necessary to apologize for mention-

ing, in a memoir of this amiable man, a little trait which

strongly marks this feeling. When he was journeying

on horseback towards his native Scotland, he asked of

a peasant the name of a stream, which he associated

with many tender recollections of times gone by, mere-

ly that he might have the delight to hear that name re-

peated in the native accent, from which he had been

lately estranged. One of the tenderest passages in his

Georgics, refers to this circumstance

:

'• How pleasant came thy rushing silver Tweed
Upon my ear, when, after roaming long

In southern plains, I've reached thy lovely bank !

Flow bright, renowned Sark ! thy little stream,

Like ray of columned light chasing a shower,

Would cross ray homeward path ; how sweet the sound.

When I to hear the Doric tongue's reply.

Would ask thy well-known name!" Page 180-

Grahame was early addicted to versification; but

his first acknowledged production from the press, was

the oft attempted theme of " Mary Queen of Scots,"

in the form of a tragedy. This is a long and desultory

drama, little careful of Aristotle's unities, and is sprink-

led with rather too much of the Scottish phraseology ;

yet it shews so deep and genuine a sympathy, and so

high an admiration for the sufferings and virtues of the

ill-fated queen, and contains some such tender images,

as to give it a claim on the public attention, indepen-

dently of its dramatic merit It has amused us to ob-

serve also, how his chivalrous enthusiasm and warm na-

tionality seem to have gained such an ascendency over

his mind, as to have ra«de him 6>rget the political max-
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Umhime, ims which lie had learned at Glasgow in the school of
Jiun«». Millar, as well as those anti-catholic feelings which he

' "" had imbibed in his early years. This was a favourite

production with the author, but not with the public ;

and lie republished it with very considerable alter-

ations in a 12mo edition of his poems, in two vo-

lumes, which appeared in 1807- His next consider-

able publication in the order of time, and indeed

the poem by which his fame is most likely fo be

established, is " The Sabbath." The day of solemn
universal rest, presented peculiar attractions to a soid

feelingly alive to the beauties of nature, to tlie impulses

of benevolence, and to the sublime emotions of piety.

In Scotland especially, where the duties of that day are

still perhaps more decently and religiously observed
than in any other part of the Ciiristian world ; where
the pause from painful toil and frivolous pleasure is

more striking ; and where even those who do not feel

its purest joys, partake by sympathy and association in

its reflected influence, the theme could scarcely fail to be
a popular one. In short, we ai-e inclined to think, that

the subject admits of the highest jwetical embellish-

ments which language can furnish, with the additional

interest which truth must always claim over fiction.

The antiquity of the Sabbath; the authority by which it

was appointed ; tlie cause of its institution, first as a me-
morial of the creation of the world, or rather of that part
of the system of the universe with which we are con-
nected, as proceeding from the hand of the Almighty,
and as leading us to acts of adoration and praise ; the
manner in which it was solemnly enacted, amid the stu-

pendous displays of divine power on Mount Sinai ; the
jubilee, or year of deliverance, as connected with this

wonderful institution ; then the change from the se-

venth to the first day of the week, on account of the
completion of man's redemption, by the resurrection of
Christ; and lastly, its direct and indirect moral influ-

ence, its actual and progressive benefits conferred on
society, and the prospect of the Sabbath of rest and
joy in the realms of endless blessedness ;—all these pre-
sent a combination of grand and affecting topics and
images, which are worthy of the highest powers of the
noblest |)oet, and which indeed render it less difficult

to find materials, than to select from the abundance
that presses on his attention. If Grahame has not at-

lempted to give that kind of unity to his subject of
which it would have admitted ; if he contents himself
with a less ambitious flight, he has, at least, felt the in-
spiration of his sacred theme, and, by a series of tender
and affecting pictures, simply and naturally combined,
and derived chiefly from the customs and history of his
native land, and from scriptural allusions and associa-
tions, has produced a work which renders his name
conspicuous, not only among the poets, but among the
benefactors of his country.
The "Sabbath Walks" and " Biblical Pictures" which

are added in the later editions of this poem, are quite in
unison with the spirit of the work ; anil some of the
latter are so strikingly delineated, that a skilful painter
might easily give them life and figure, by translating
mitv, v.;o n-«»:i ^1 ..;.-j 1 J • 1

"^
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a poetic sketch of the month of April, under tlie sig-

nature of Matilda, in the Kelso Mail. It was much
admired, and was followed by the other months. 'J'hese

sketches are preserved in his works, and there can
be little doubt that they gave him the idea of the Geor-
gics, which are only in fact the filling up of the out-
line, and which aiibrd theoretical and practical instruc-

tion to the Biitish husbandman, connected with the
different months of the year. An attentive reader will

accordingly find in this larger poem, which is also di-

vided into twelve jiarts, a frequent recurrence oi' the
same thoughts and expressions which occur in the mi.
nor pieces. The Georgics, among many pro.saic pas-
sages, contain also a number of the finust touches of
fancy and of feeling, and some affecting allusions to
the state of the author's declining health. \Vc are not
fond of didactijf-poetiy, especially hi blank verse ; metre
gives at lejist more entertainment to the ear, when the
tameness of the subject precludes the flights of imagi-
nation. And we apprehend, that the beauties which
are scattered through this poem will hardly preserve it

&om oblivion.

The " Birds of Scotland," his next large poem, is a
production of very superior merit, in which the author
describes, with admirable skill and truth, the manners
and characters of the winged tenants of our wootls and
wilds. With his exquisite descriptions are interspersed
<Telineations of the scenes which they frequent, and fine

allusions to national character, and historical traditions.

He has indeed succeeded in accomplishing the design
which he projxjsed, of " pleasing tlie imagination, and
wamiing the heart." And he has done more ; for he
has conveyed much instruction in a most agreeable
manner, and furnished us with new sources of delight,

in the enjoyment of the cheap and iujiocent pleasures
of nature.

Mr Grahame, whose soul always abhorred the trjrffic

in slaves, and who rejoiced with all gooil men in its

abolition, had the honour of contiibuting one of the
three poems, intended as a grand literai-y monument, to
this noblest triiunph of justice and hiunanity of which
our age can boast. I'he other two were furnished by
Ehza Bengcr and iMontgoniery, and tlie whole was
published by Bowyer of Pail-Mall in 1«09 with most
splendid decorations. Mr CJraliame also wrote the
" Siege of Copenhagen," antl ]>ublished it with the
sanction of his name, soon after the details of that ex-
pedition were received. It is a spirited little poem, and
contains some passages remarkable for beauty aiid ten-

derness. It is written in metrical couplets.

Cowper is the poet whom Grahame most resembles,

and whom we believe he adopted as his model. Yet
there are striking differences between tliem, independ-
ently of the preponderance of talent in favour of the

former. Grahame has more flat passiiges,—Cowpei
more rugged lines. Grahame is minute in describing

all that, in the range of nature, strikes his fancy ;

—

Cowper, with an eye as poetical, was more limited in

his sphere of observation, and less ambitious in the

choice of his subjects. Cowper's religious views were
with his^ pencil the vivid and glowing descriptions of inwrought and profound ;—Grahame's consoling and

T'?*'^^
'^ ^^^' abiding, but by no means so deep. Grahame feels and

• ? "^"-^ ^^ Grahame's poems to be slightly noticed, admires the simple and varied charms of creation, and
18 his " British Georgics," a name which is too boldly expatiates upon tliem with ever new delight ; his forte
chosen, as it leads the mind to the most finished pro- is accurate description of nature in its siuipiest forms

';

duction of the Mantuan Bard; and as it is in itself per- —Cowper hunts through the intricacies of the human
naps the least perfect of the author's writings. When heart ; his chief excellence consists in tlie faithful de-
on a visit to a friend on Tweedside in 1797, he inserted lineation of the feelings and moral sympathies of the
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soul. GrahaiTie lias more orniunent ;—Cowper much
greater extent and variety of thought. In language

they are both careless, anil in tlieir measures often in-

correct. But there is a grace even in their negligence.

To bolli the pruise " above ail Roman fame" belongs,

of rendering the {powers of their cultivated minds sub-

servient to the promotion of tlie best interests of mora-
lity and religion.

Those who only knew Grahame by his works, will

form tlieir own estimate of his genius and worth. But
his memory will long be cmbalined in the minds of

those who had the good fortune to enjoy his personal

acquaintance, or his friendship. Never, perhaps, did
a kinder and gentler heart animate a human frame

;

never did a man exist more unwilling to give pain to
any sentient being, or more desirous of promoting the
]ieace and happiness of all within the spiiere of his in-

fluence. His country will long cherish the remem-
brance of the author for the sake of his works ; while
his friends will, with fond and melancholy pleasure,

cherish the effusions of his genius for the sake of the
amiable autlior. (/)

GRAMMAR.
vlRAMMAH is that knowledge of words which qualifies

the possessor for speaking and writing with propriety.

PAnxici'LAR GnAMMAn comprehends the rules of parti-

cular languages, as founded on the practice of those

•fho have that sort of conspicuousness in society which
is considered as entitling tliem to nx th^ standard in

each. Every language has thus a grammatical system

of its own. All languages, however, possess some cir-

cumstances in common. Prevalent analogies are deve- Gr»mmtr.

loped in their origin and history, and certain leading '*~'Y""^

principles are found to obtain in the application of them
to the purposes of speech. The general doctrines dis-

covered by the comparison of different languages form

the important science of Philosophical, or Universal
Gkammar.

UNIVERSAL GRAMMAR.

i. HIS science unfolds the principles by which man is

directetl in the contrivance of the varieties of words.

Its utility is extended by the opportunities which it

gives of tracing the connection which the phenomena
of language considered as a production of the human
mind have with the other principles of our nature.

As the term Grammar has been currently applied

to a much inferior department of knowledge, some
have thought proper to give Universal Grammar the

apparently more elegant designation of the theory of
Language. This latter designation, however, compre-

hends all the general branches of inquiry connected

with language, which are treated under various articles

of this work, such as Alphabet, Etvmology, Philo-

logy, and Lan'Ouaoe. Its most interesting branch

consists of those inquiries which, under the name of

Universal Grammar, we here propose to lay before

our readers.

Language being the leading instrument by which
men communicate their thoughts to one another, it is

to it that we undoubteiliy owe the most important

improvements of which our intellectual character is

susceptible. It might therefijre have been expected

that an inquiry into its nature would necessarily im-

ply an elucidation of all the laws of thought. But itc

province does not extend altogether so far ; and, by
keeping it within its due tjounds, we shall do greater

justice both to this science and to those with which it

is connected. We shall find that the points of view in

which man appears in thinking and in speaking are

not so perfectly identical as has been imagined. It is

not true th.it Universal Grammar implies the whole
theory of human thought

; yet it implies a great and
important part of it : and the habit which the study
of it gives us of investigating the subject, and the an-
alogies which it flimishes for the prosecution of the
rest, may, under judicious management, contribute ma-

terials towards a perfect knowledge »f the general phi- UnivmaJ

losophy of mind. Gr«mmmr.

We have intimated that this science originates in the _~ '

comparison of different languages. It is not indeed ^^ich its

very flattering to the pride of human intellect, and it doctrines

will appear to many inaccurate, as well as undignified, are suggest-

to ascribe the discovery of the principles of Universal '^

Grammar to a circumstance which might be regarded

as accidental, viz. the multiplicity of languages exist-

ing among mankind. Its principles must operate in

the formation of each individual language ; and the

science might therefore appear to admit of being in-

vestigated with sufficient certainty by a direct ftiquiry

into the operations of the human mind, or by the ob-

vious analysis of any single language. This might be
thought sufficient to distinguish all that is requisite to '

the purposes of speech from every thing whimsical or

peculiar, that is, from those turns of words and of

phraseology which ought to be reckoned idiomatic.

It might, at least, seem reasonable to expect that the

principles would be discovered by paying attention to

the variations and analogies existing among those words

of any language which are not immediately and evi-

dently borrowed from a foreign source. It might even

be thought possible to collect them by recording the

early operations of a child in learning the use of his

native language. That the principles of this science

could have been so discovered, it would be rash to deny.

But the well known obstructions opposed to science by

the delicacy and proneness to error which mark the

human faculties, and the various external biases which

the mind receives, operate in all ages to prevent scien-

tific inquiry from being made, and in corrupting the

accuracy of the results obtained. Hence we are some-

times indebted to fortunate accidents for an introduc-

tion to the right path of inquiry, and for the discovery

of trutha which had otherwise a chance of remaining
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liniTorsal for ever unknown. One of these fortunate accidents,

ttranimar.
jjg relating to the subject of our present article, is the

*""'^^"~'
existence of various languages in the world, and the

access which individuals have to compare them toge-

ther. The success which philosophers have met with

in these inquiries has arisen from the study of langua-

ges the most diversified from each other in their structure.

Those of ancient Greece and Rome have, for example,

been compared with tliose of modern Europe, and both

these with the languages of the East, and the great diffe-

rences apparent in their origin and structure have affbrd-

eda valuableopportunity oftracing, with a scientific hand,

the general operations ofman in this conspicuous depai-t-

mcnt of his active efforts. An extensive erudition in liter-

ature confers emancipation from that enthralling influ-

ence which any single language exercises over those

whose knowledge is confined to it. Tlie errors which the

habits of one would produce receive correction from the

attention exacted by the varying genius of another.

These inquiries might even lead us a step higher.

They might enable us to discover whether or not there

are any circumstances in which the habits common to

all languages mark a prevailing erroneous bias in our

nature, and might lead us to improve and purify in

this department the perspicacity of our intellect.

The difficulty of the subject renders it at least pru-

dent to avail ourselves of all the aids which can be af-

forded by diversities m the structure of languages.

These, indeetl, are of themselves elegant subjects of

study. No person who cultivates them can be indif-

ferent about Universal Grammar, or insensible to the in-

timate connection which exists between the two pur-

suits. A very limited fact in philology not unfre-

quently suggests an important doctrine in the philoso-

phy of grammar, whicli is afterwards confirmed by
multiplied evidences, and, though formerly overlooked,

exhibits, when known, a character of internal truth,

and throws a broad light over the whole extent of the

subject.

PrrtBT.t In no circumstance does the difficulty of this subject

state of the appear more conspicuous than in the diversity of senti-

science. ment which prevails on it. This diversity is indeed ca-

pable of being represented as chiefly, if not entirely,

verbal. But, where verbal differences are pertinaciously

adhered to, some misconceptions with regard to the

subject itself are undoubtedly more or less prevalent.

It cannot be said to be clearly understood among all

who cultivate it, unless they either agree in the choice

of the words by which their theories are expressed, or

concur in acknowledging their differences of phraseo-

logy to be immaterial.

This is not at present the case. The cultivators of
the science are divided into parties, which seem so

distant from one another that the philosophical ana-

lysis of language may be considered as still in its in-

fancy. The account which we shall now give of it will

not arrogate to itself the rank of a system matured for

indiscriminate adoption. It will only be offered for de-

liberate consideration, as an attempt to advance the pro-
gress of this interesting branch of study, by exhibiting
explanations which will show to partial systems several

of their leading defects, and reconcile a variety of dis-

putes without compromising the spirit ofinvestigation.

CHAP. I.

On the Object or Universal Office of Language.

iNorder to investigate the characteristic UiffeKBces

upiniuib

1

by which words are distinguished, it is essential -that we Uiiivws

entertain correct ideasof the object or purpose of Ian- Grammi

guajje. Grammarians have hitherto satisfied themselves, ^TT"^^
withdescnbmgitasconsistingm thecoMMUNiCATioN of uoimuni
OUR THOUGHTS. Yet it does not appear certain that they
have always entertained the same views of what is meant
by this communication. Vague notions of the office

of language have in consequence been entertained,

and a confusion arising from this cause has impe-
ded the inquiries which were made into the origin and
distinctions of the various parts of speech. Mr Hams
describes it as consisting in " an exhibition of the ener-
gies or motions of the soul." These he divides into per-
ception and volition j and he considers every sentence as

either " a sentence of assertion," or " a sentence of voli-

tion." Someconsidertheobject oflanguage as simply con-
sisting in the exhibition of a connection betwixt one idea
and another, and therefore make the act of affirma-
tion its universal office. These opinions, though slightly

varying, agree in stating the communication of our
thoughts to be the object of language.

That we may divest the subject ofambiguity, we shall

enquire in what respects tliought is ever communicated
by language ; what are the circumstances that lead to

such communication ; and whether or not tlie import-
ance of this object entitles it to be regarded as the sole

and definite purpose for which it is formed and em-
ployed.

Men may evince, by various signs, that particular How d
thoughts occupy their minds. This is not only done I.ingiu(

by pantomimical language, but by oral soimds consti- comm«

tuting the materials of verbal discourse. We sometimes "f'* »

shew by involuntary exclamations that we are affected

by certain impressions called passions, which, though
they originate from outward causes, do not necessarily

point to such causes in our mode of expressing them.
At other times, words are employed as the signs of ex-

ternal objects which are known to tiie person addres-

sed. The effect of the employment of these is to recal

to his recollection ideas formerly possessed by him. We
show, at the same time, that they occupy our own minds.

The meaning of the words being formerly known, they

exhibit nothing new except their connection with some
present occasion. Old ideas thus recalled, however,

do not constitute exactly the same state of thought

which accompanied tlie former employment of the

words. The mental exercises excited by the same word
at different times are not strictly the same. They can-

not be identical, because they are separate instances of

mental exercise. But they are not even perfectly simi,

lar. Amidst the varying movements of the human
mind, in which one thought impels another, and in

which external and internal causes modify the state of

the percipient being, the appropriate affection produced

by any particular word can never be separately obtain-

ed. It is always modified either by humour, by degrees

of activity in the mind, or by the kinds of exercise in

which it has been previously engaged.

The most important modifications of the mental ef-

fects of words arise from their connection with one ano-

ther. By changes in this connection, new conjunctions

of ideas are presented to the mind of the person addres-

sed. The signs of thoughts formerly known to him

are so exliibited as to excite impressions possessing

the most striking novelty, and imparting the most im-

portant character Ijoth to the immediate thoughts of the

individual, and to tliose which are liable to occur on

numerous future occasions. This is the case when, by

means of woids well understood,, and therefore conveyf
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ing in their separate state no idea that is new, wc com-
municate inforniatipn to one anotlier, and exercise an
influence on human opinions. On this office of lan-

guage depends the whole benefit which mankind de-

rive from the records of literature and science.

Engrossed by this most dignified application of lan-

guage, authors have been induced to consider it as

consisting entirely in assertion ; that is, in expressing

the connection of one idea with another, and conveying

by these means new information. But, it may be called

in question how far this account is strictly applicable

to all language, or may be trusted for our guidance in

tracing the steps of its earliest history.

It has been hastily assiuned, that language arises

from an original and universal inclination to impart our
thoughts gratuitously to one another. From this cause

it has sometimes been erroneously concluded that it is

nothing else than a faithful transcript of the successions

of human thought This, however, is not its character,

A man does not speak simply because he thinks. It is not

a necessary result ofthe possession of a thinking faculty,

nor does the inclination to speak regularly accompany
its operations. It is the effect of a range of thoughts
which must be considered as limited when compared to

the whole phenomena of mind. Speech, like every other

voluntary act ofman, is founded on the presence of par-
ticular motives. It originates in his social nature taking
advantage of his social state ; and it depends on the

knowledge which each has of various links of connec-
tion existing betwixt himself and other thinking be-

ings.

It is not natural to man tocommunicateall his thoughts.
Supposing, therefore, that a complete analysis of the
origin of thought were in our possession, this would not
necessarily bring along with it a perfect theory of the
origin and character of language ; nor would the most
perfect history of the formation of language lead ns in

the opposite direction to a perfect analysis of the nature
of thought.

But, allowing that we do not by means of language
communicate all our thoughts, that we make a selection

among thera suited to our several occasions, it might still

be contended that we do nothing the by means of lan-

guage than communicate our thoughts ; that this is its

universal office ; and that this position might be as-

sumed as fundamental in entering on the subject of uni-

versal Grammar.
Some considerations wiD,we eonceive, warrant us inhe-

sitating before we concede even this point. We shall not
stop to enquire if there is any acceptation in which this

theory is true ; but it is certainly susceptible ofa mean-
ing which is erroneous, and which has tended in some
cases to distort philological enquiry. On the supposi-
tion now mentioned, language would still be considered
as properly an exhibition of human thought. *

The first observation which we have to make on
this account of the subject is, that, if it were correct,

language ought always to have a definite reference to
our sentiments, and ought in fact to express them with
fidelity. But we find that, when we desire a person to
perform any act, our motives for it are kept out of view,
and are not intended to be contemplated by the indi-
vidual spoken ta The motives which are expecte<l to
operate on him are ideas of a different sort which we
endeavour to excite. Even in the use of the plainest
affirmations, we do not necessarily exhibit our own

thoughts. Wc may excite thoughts completely the r*- Cni*»r»»l

verse of them. This is always the ca^e when wc pro- f''»n>m«r.

cure reception to a false proposition. The thought con-
"^^""^

veyed by our words has indeed been revolved in the

mind as a contrivance for operating on another. In
that other, however, we mean to produce a particular

belief. This is certainly a thought ; yet it is not the be-
lief, consequently not the thought, which, in so fiir as

truth is concerned, we ourselves entertain.

It might indeed be replied, that this employment of
language is unnatural ; that it is as much a deviation

from its original purpose, in the rigiit use of our facul-

ties, as any act of drivelling folly committed by means
of language, which ought not to be regarded as entering

into its original character. But it is to be remembered
that this use of language, though disingenuous, is still

characteristic of intellect and address.

It might also be said that in this use oflanguage we The pretext

closely imitate the sentences in which our own ideas are for language

bonakde communicated, and that our success in false- difftrem

Thii from its

object.

A Bioie par-
ticular state-

ment of th»

hood depends on the closeness of this imitation,

fact only shows that dissimulation does not affiect

language in its structure. But its olfject mtist im-
ply the real motives of the speaker. This account of

it, therefore, must be deficient. If we can form a ge-

neral theory on the subject which will embrace these

as well as all other occasions on which it is used, a ma-
terial advantage will undoubtedly be obtained.

The existence of false sentences is not our only

reason for declining to regard the communication of

thought, at least that communication which consists

in assertion, as the universal office of language. We
shall find that Imperative sentences cannot, without great

awkwardness, be reduced to affirmations or communica-
tions of our knowledge. But, reserving that argument
for the next Chapter, we shall now endeavour to unfold,

in a more detailed manner, some of the intricacies in

which this part of the subject is involved.

Different circumstances concur to impress the phi-

losophical inquirer with an idea that the communica-
tion of our thoughts is the object of language. One, at

„„j„jo»
which we have already hinted, is, that this communica-
tion is the object of a great part of language, perhaps

by far the greatest. This is most especially the case in

polished and literary communities. It is the object of

the greater part of the language ofmen of philosophical

habits, the only persons who concern themselves with

analytical inquiries on the subject ; and it recommends
itself as exhibiting the most important species of influ-

ence which language has exerted on society.

There are also some particulars in which all human
speech agrees with the office ofcommunicating thought,

and which have led to an acquiescence in that account

of its general object. One is, that the use of it always

proceetls from some thoughts existing in the mind.

Another is, that language consists of the signs of thought.

A third, that the thoughts corresponding to these signs

are contemplated by the individual using them. And
the last is, that language terminates in exciting thoughts

in the person addressed. But, though tliese points of co-

incidence are real, a closer attention will, we think, con-

vince our readers that they do not of themselves con-

stitute a communication of our thoughts.

The mere circumstance that the employment of lan«

guftge is in every instance the effect of previous thought

IS by no-means peculiar to this department of human

• For a more varied illustration of this and lome other views ne-irly coinciding with those which are here expressed, ire refer lo a paper oa
*' tbt theory of Lmguage" coDtaiacd in the 6th volume of the TiacsirKtioiis of the Royal Society of Edinburgh.
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exertion. All our voluntary actions are as much the

effect of our mental operations as the uttering or the

writing of sentences. In the use of language, as in

«ther exertions, we indeed execute our own designs ; but

the enquiry is still equally ojjen as before, what is our

specific design in using language ?

The second circumstance essential to language, which
lias perhaps tended to confirm the notion that its spe-

cific object is to communicate our thoughts, is, that the

signs of human thought form the materials of whicli

Janguage consists. Such signs are always tlie media
employed when we communicate our thoughts t« one
another. Yet it may be inquired, whether they admit of

being also applied to other uses, and whether the object

of language is, on that account, still more general ?

The third circumstance of which we took notice,

that the thoughts of which our words are the signs are

entertained by the individual using them, is little more
than a condensation of the two former, and requires no
separate observation.

The truth will evolve itself in the clearest light

when we discuss the last particular in which language
has one common character with the communication
of thought, that it produces appropriate thoughts in

the mind of the person addressed. This is always
the intention of the speaker, and if it is used by him
in a skilful manner, the productien of such thoughts
is the consequence. This object is much more general
than the communication of our own thoughts ; but it is

not too general to be stated as the real object of lan-

guage. The conveyance of our sentiments, volitions,

.and opinions, is only an important part of it. The de-

finite object of language consists in i he production
OF thought by means of oral signs.

By adopting this more comprehensive view of the
subject, we avoid all difficulty about the nature of such
sentences as are the reverse of the belief of the speaker.
We avoid the necessity ofany inquiry into tlie propriety
of considering them as in some sense exhibitions of
the thoughts which he entertains for the moment, or
as partial representations of his habitual thoughts.
We consider them, in common with all sentences, in

a point of view in which they maintain the same un-
questionable ground, that is, as instruments fabrica-
ted to execute our designs ; and our universal design
in language is, to produce in one another such mental
impressions as we please. Its ulterior purposes, being
considerably diversified, admit of subdivision.

CHAP. II.

The General Nature of Sentences.

AccoBDiNG to the author ofthe Diversions of Purley,
two parts of speech are necessary to language, the noun
and the verb, and every sentence must contain both.
The reason assigned for this is, that one part of speech is

required as the sign of the idea, and another as the in-
strument ofcommunication. Theviews which this author
entertained of the characteristic nature of the verb, and
the act ofcommunication as distinct from the exhibition
of the signs of ideas, are not fully developed in his writ-
ings. We have not, therefore, sufficient data for ap-
preciating their merits. The opinion maintained by
some of his most acute followers is, that affirmation is
the proper character of all sentences. This is con-
sidered as closely connected with the doctrine which
makes the object of language to consist in the com-
munication of our thoughts ; and by this communication

seems to be understood, the act of conveying to our Pnivers

neighbours the same connections betwixt ideas, (for- ^ramm:

merly known to both, ) which they possess in our own *""

minds. This conveyance, and the act of affirmation,

are reckoned equivalent. Affirmation, from adJirmure,
means the establishing of a connection betwixt one idea

and another. The doctrine which resolves language

into assertion does not depend on the truth of the

theory, that its object is the communication of our
thoughts. Our readers will perhaps agree with us in

denying that sentences intended to deceive are commu-
nications of the thoughts of the speaker. It must, how-
ever, be allowed by all, that these sentences are asser-

tions, and the inquiry still remains open, whether or

not assertion is the proper character of sentences ? To
tliis inquiry the present Chapter is devoted.

A sentence of assertion includes two ideas expressed Analysis •

by two signs, and another sign to indicate the affirina-
*^«'''""»

tion, or the establishment of their mutual connection.

In the sentence, " man is rational," " man" expresses

one idea, the first two syllables of the word " rational"

another, and the last syllable of " rational" along with
the word " is" constitutes a sign expressing the con-

nection betwixt the two. These diffijrent signs are

not always expressed in separate words. Sometimes two
of them are contained in one, as in the last word of
the sentence, " John walks.'' Sometimes all the tliree

are contained in a single one, as in the Latin word
loquitur, for " he speaks ;" or rubet, for " he is red."

On a full consideration, however, of the variety of ar-

rangement which words assume in the use of language,

and the various kinds of words employed, assertion

does not appear essential to it. We may produce thought
without making any assertion. We may, for instance, Langu*)

merely call the attention of another person to an object ""^y bet

formerly known to him. A very extensive department '""'°'"

in the uses to which it is applied is that of exciting the

person addressed U) the performance of voluntary acts.

This is done by Imperatives, which certainly differ from . ,.

.

assertions. Attempts have indeed been made to reduce

them under this head, and to regard them in the same
light with those affirmations in which an abbreviation

is produced by condensing a plurality ofsigns into one. ]

This attempt succeeds in so far as it appears to establish

a fact, that, according to the habits of speaking and un- !

derstanding one another which we now possess, the
\

same meaning may be conveyed by an affirmation and
by an imperative sentence. The sentence, / nunc el

versus tecum medilare canoros, is ofthe same import with
the affirmative sentence, Jvbeo te nunc ire et tecum

'

ineditari versus canoros. But the question recurs, which
of these modes of expression is likely to have been the

original one in the contrivance of words ?

We formerly observed that the contrivances of Ian- Langi'^

guage are founded on the known relations existing, on fo""'!''^'

different occasions, betwixt the speaker and the person
""/gtjon

addressed, and are so adapted as to enable the former

to avail himself of these relations for accomplishing

some definite purpose. An answer to the inquiry,

what forms of sentences are likely to be the earliest and
the simplest, is not obtained by determining what con-

nections of thoughts are simplest in relation to the

mind of the solitary uidividual, but by finding what
f"^^^ j.

those purposes are which he is likely soonest to have in

view in employing Uie influence which language gives

him over others.

The first objects that strike the attention of man in

becoming acquainted with his fellows are their motions.

In other respects, one man is not more interesting to ano.
i
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tnircnal ther than any piece of dead unclianp^eable mntter. He
r»oimar. fJi-gt observes voliintiiry motions of the most palpable
"V"™^ kind, and then gradually becomes acquainted with more

delicate phenomena, such as the motions and changes
of the human countenance, from which he infers the

existence of thoughts in other persons, and judges of
their nature. In acquiring this knowledge, he is gui-

ded by experience, an<l by a comi>arist)n l)etwixt the
motions of others and those of which he is conscious as

the n:itural accompaniments of his own thoughts.

The helplessness of man as an individual, and the

support which he is capable of deriving from the ser-

vices of his fellows, create perpetual occasions on which
he wishes for their assistance ; and one of the earlie.st

as well as the most frequent objects of his wishes is to

influence them to perform those motions for which he
finds occasion. These necessities are prior to the mere
luxury of a mutual communication of knowledge and
opinion. This fact seems to point out imperative sen-

tences as the earliest forms of language.

On this account, it is not historically correct to con-
sider the imperatives I, vent, fac, and die, as brief modes
invented in the progress of language for expressing
thoughts originally conveyed by means of such affirma-

tive sentences asjubeo or preror te ire, venire, facere,
and dicere. The act of commanding, or requesting,

does not require to be mentioned. It is actually exhi-

bited. Jtibeo le ire is something more than /. It is a
pleonasm in the form of an affirmative sentence ; and
has the same relation to this imperative which the sen-

tence " I affirm that man is mortal," has to the shorter
one, " Man is mortal." When we speak, there is no
meaning in affirming that we speak ; and in like man-
ner, when we give a command, or make a request, there
is no meaning in telling that we do so, unless we intend
to enforce a compliance with our wishes by an addition-

al idea contained in the verb prefixed, as by addressing
ourseWes particularly to the fears of another in the verb
jubeo, or to his kindness in the verb precor. A com-
mand ought, in strict propriety, to be given, before it

can become the subject of an affirmation.

As the imperative is an immediate consequence of
our wishes, advantage might be taken of that circum-
stance to represent it as an " assertion that such wishes
exist," But the circumstance of being the consequence
of our wishes is common to it with all our actions, as

well as all our words. It is rather, however, to be con-
sidered as an execution of our wishes, than an assertion

of their existence. It is a call of attention ; a mode of
influencing the volitions of other persons, and thus pro-

ducing, on their pju-t, certain trains of action.

In corroborationofthis view ofthe subject,we find that

words signifying voluntary motion exist in the shortest

form in the imperativeof the verb. This is the case in all

the languages, ancient and modem, which we have had
access to examine. Exemplifications of this in the Latin
language are afforded in the words already named, /, veni,

fac, die, and due; or the common examples of the conju-
gations in elementary grammars, ama, doce, lege, audi.

The same comparative brevity takes place in the English
language, as in the words, " go," " come," " do," " say,"
" bring," " love," "teach," " read," and "hear," which
never stand by themsel ves except in the imperati ve moot!.
Even when the idea expressed by any verb, in either lan-

guage, is introduced as an object regarding which an as-

sertion is to be made, the word employed is longer than
the imperative. In Latin, the syllable re is in this case
added to those which constitute the imperative. From a-

ma we have ama-RE, and from the other imperatives, do-
ce-RE, lege-RS., and audi-RE; also, j-re, veni-RE, dice-RE,

B asset-

is of

lies.

1 c uC

fac-v.RK, duc-v.RE. In Englfsh, we prefix the word to, or UBi»w«a

add the syllable INO ; as, " To read or read-ing is an im- G"'"™"-

proving occupation." " Men of intellectual refinement dc- ~ '~'

light in read-»«ir, or delight to read." In some instances,
the word is equally short in it* application to other u«ea
as in the imperative. Of this the noun " love" is an ex-
ample, being equally .ihort, and indeed the same word,
with the imperative of the corresponding verb. Such in-
stances, however, are rare. Brevity, therefore, appears
to be an original character of imperatives ; a circum-
stance conformable with the theory, that they ought
to be considered as original modes of speech, and not
as abbreviations of affirmative sentences. The affirma-
tive form, instead of illustrating the imperative mood,
renders it cumbersome, and destroys, its characteristic
animation.

To those who have not previously considered thia Apparent

subject, the brevity of imperatives may appear, in ex«pt><»fi-

point of fact, liable to some exceptions. The Chi-
nese language is said to have no imperatives. That
language, however, in so far as we can judge from our
scanty knowledge of its structure, seems to owe thiS'

apparent defect to affectation and refinement, whicb
liave induced men in speaking to prepare the
hearer by means of distant and respectful circumlo-
cutions, instead of using direct imperatives, in order
to avoid the apprehended indelicacy of dictating aii

abrupt change of direction to his thoughts. This
modification probably took place after men had learn-

ed to keep their own objects and their own influence

out of view, and to appear solely attentive to the con-
venience and pleasure of others. In a light nearly si-

milar we are to consider those forms in the languages of
modern Europe, originating in ceremonj', by which
single persons are addressed in the plural number.
Another question may here be asked. Why does this

alleged brevity of the imperative not extend to the thirtl

person, and the plural number ? Why are the words,
amato, amnle, rimalote, and ainanto. comparatively long ?

Would not this fact seem to intimate that the circum-
stance of being imperative does not of itself determine
this brevity of form ? To this we answer, that the word
called the third person of the imperative, is not proper-
ly an imperative as directed to the person addressed ; it

expresses either a simple wish, or specifies some conse-

quence of an action which the speaker wishes him to per-

form. The command is then learned by inference, and
not conveyed in the word. The imperative in the second,

person of the plural number is, indeed, a real imperative;

but it is to be observed, that it is not of so early natural

origin as the imperative singular. It requires a parti-

cular arrangement to render it applicable. It implies

not merely a wish that a certain action should be per-

formed, but a knowledge that it is capable of being
l)erformed by a plurality of people, and that their con-

currence in it will promote the same object, or fulfil a
variety of objects that are alike desirable. Hence it

probably deserves to be considered as equ.illy remote
from the original imperative with tlie other uses of the
signs of locomotion.

Since, then, imperatives are not to be considered as The relation

contracted affirmations, it remains to inquire in what which impe-

relation they stand to sentences of the latter knul ?
•»'>'" bear

Whether these are originally two diistinct species ©f
'" *""'""'*•

sentences, merely agreeing in the general character

which is common to all language, that of being intended

to protluce appropriate thoughts in the person addressed ?

In tracing the nature anil origin of numan language, j^ j„_
it appears to us, on the whole, moat stri( tly .igreeable guage im.
to the natural history of our species, to consider all Ian- 'xbatite.
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guage as iMPEn\TivE, that is, as always implying tlie

imperative of a verb.

Even when we merely mention an object by making

use of a noun, an imperative is implied, desiring the

person addressed to think of it. Some more particular

mtentions on the part of the speaker may be left to be

inferred from the occasion on which it is uttered, or may
be expressed by some circumstances of manner, or con-

veyed by means of some further verbal sign ; but the

noun itself, in the moment of utterance, always implies

the general act of demonstration, that is, the imperative

of the verb " look," or " think."

Assertions may be advantageously reduced to the

imperative form, and may be considered as originally

and essentially partaking of that character. Impe-

ratives, we have remarked, are deprived of their cha-

racteristic animation when (educed to assertions. As-

sertions, on the contrary, preserve more completely

that interest which originally belongs to them, when
viewed as imperative directions for regulating the voli-

tions and active thoughts of others. Our opinions pro-

ceed from impelling causes which bear a resemblance

in their nature to the motives which prompt us to ac-

tion, and assertions resemble the exhibition of such mo-
tives to other persons.

But if each single word possesses an imperative

power, it may be asked, in what respects that power can

be ascribed to the copula " is i"—When the intention

of assertions is considered, this copula will be found
equivalent to the imperative of the verb " believe."

An opinion asserted by means of it does not retain

the simple character of one which remains quiescent.

Hence it is always expected to be of a nature fitted to

interest the person addressed, and possessing a just

claim on his attention. Without this, the declaration is

regarded as unmeaning. Keeping this curcumstance in

view, we shall find nothing forced or exaggerated in re-

presenting the " is,'' in English as equivalent to " be-
lieve," and the est in Latin to crecle.

When sentences constructed by means of this copula
are not intended for conveying information, but for ex-
hibiting pleasing objects already known, or objects of
imagination, as m poetic description or fictitious narra-
tive, the copula has the power of the imperative " con-
template."

One objection might be made to this theory, that
est being placed betwixt two nominatives, cannot be
equivalent to a word which governs nouns in the ac-
cusative. If such an objection should occur, it is suf-
ficient to observe that the cases of nouns are refine-
ments of language, intended for marking in a conve-
nient manner certain uses of the words and certain
analogous connections which are formed among them
in the composition of sentences, but that our present
inquiries relate to a period ©f language much earlier

than such contrivances ; and, where the meaning can be
shown to be the same, diversities arising from these
causes does not fall under our consideration.

It might, however, be objected to the whole reason-
ing here employed, that, if all sentences appear to be
imperatives, there is no meaning in supposing those
vrords which are usually called imperatives of verbs to
be the earliest parts of speech, and in deriving from
that consideration the brevity of their form. These
particularities should at least imply that they differ
from other imperatives. The nature and consequences
of this difference require therefore to be pointed out.
VVhen we use the imperative of a verb of action, the
name of the act expresses our ultimate wish, viz.
the wish that the person addressed should perform it.

Its name is originally contrived for this particular pur-

pose. When we use it for other purposes, these require

to be stated ; and even the mere absence of the impe-

rative use is denoted by the additional signs which we
have already mentioned as distinguishing the infinitive

of the verb. When we direct a person to think of ob-

jects of other kinds, each object may admit of being
expressed by a very brief sign. But, for the most part,

various circumstances require to be specified. Our in«

tentions respecting any object admit of considerable la-

titude, and are to be particularized on each occasion by
the indication of a connection betwixt that object and
some others, orbetwixt it and some voluntary effort which
we dictate to the individual addressed. These relations,

being various, require signs to distinguish them ; and
these signs, being generally in the form of terminations,

give rise to the greater length of the words. But
even in those instances in which the word used for an
imperative suffers no change in its form when con-

verted into a noun or any different part of speech, it

cannot, like an imperative, stand alone to form a sen-

tence. Though not lengthened by the addition ofa syl-

lable, it requires to be accompanied by some other

word.
We have maintained that every noun implies an im-

perative act of demonstration, or a call for attention ;

but it may be objected, that, as this is necessary to all

language, and does not serve to distinguish oneword from
another, it cannot be said to be contained in the word,

though implied in the act of speaking. Speech may have
an imperative character, and yet it may not follow that

its materials consist of imperatives alone. The names of

surrounding objects may not be necessarily considered as

expressive of different imperative acts, like the impera-

tives of different verbs. When we resolved the copula
" is'' into an imperative, this, perhaps, appeared an ex-

cessive refinement, and a strained attempt to give ex-

clusive support to a particular system. It may appear
sufficient for the maintenance of our fundamental theo-

ry to keep in mind that a note of attention is implied

in the act of speaking. If these views seem to our
scientific readers more just than those which have been
here suggested, we shall not, on so abstruse and so nice

a point, urge any farther argument, but leave the pre-

ceding observations to their deliberate reflections. We
have endeavoured to make as near an approach as pos-

sible to the formation of a general theory on the nature

of sentences. But the views which we have given
are not all essential to those that are to follow. The
latter will, we hope, exhibit evidences of their own, in-

dependently of the consent of our readers to give to

those contained in the present Chapter, a strict applica-

tion in every particular to the parts of speech.

Language must be regarded by all as an instru-

ment by which we direct the thoughts of one ano-

ther. It has thus an undoubted imperative character,

and this character receives subordinate variations de-

pending on the mutual relations of the speaker and
the person addressed, with reference to the subject

upon which it is employed. It includes four forms
of influence, which have been already alluded to, and
shall now be enumerated. 1st, Wc influence one ano-

ther to exert the powers of voluntary motion. This gives

rise to Imperatives in their acknowledged form. 2d, We
direct the attention of one another to all the varieties

of objects already mutually known. This gives occa-

sion to the contrivance of Names to represent them. 3d,
We influence one another's opinions and state of know-
ledge. This gives rise to the words which are particu-

larly subservient to Assertion. 4th, We hifluence one

tJniren
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Though we have already given some account of the

dilferences of words as subservient to these different

uses, there are many varieties, as well as many analo-i

pies of form and use among them, which have not come
under our consideration. The analysis of these will

throw lijyht on the general faculty of speech, and will

furnish some rules for jireserving us from mistakes in

language, and from mistakes of greater importance re-

garding the diversified subjects to which language is

applied. The remaining Chapters of this article will be
occupied in investigating the dilFerences which are com-
monly considered as constituting the different parts of
speech.

CHAP. III.

Of the Parts of Speech.

These have been variously enumerated. Gramma-
rians have not only differed in their arrangements, but

lentindif. in the number of parts of speech which they have al-
icnt Ian- lowed. The character of a particular language may, in
'*'^ some instances, determine the propriety of an arrange-

ment in so far as concerns itself alone. The Latin
language has no word exactly corresponding to the ar-

ticle a, H, T«, in the Greek, and the in English. Those
thereforie who consider these words as the only definite

articles in these two languages will consider the Latin
language as possessing no such word ; the circumstance
denotecl by it in other languages being left to be infer-

red from the connection.

fierences But, independently of any difference originating in
opinion as causes of this kind, some have called in question the
plied to all propriety of certain distinctions maintained by others,

whether as existing in the same language, or as com-
mon to all. Some parts of speech reckoned by the ge-
nerality to be distinct have been ranked together by a
few individuals under a more comprehensive head.

This generalization has been carried the greatest length
in Tooke's Diversions ofPurley. This author reckons the
Noun and the Verb the only essential parts of speech.

He does not, however, acquiesce in the views of Mr
Harris, who sets out with a binary division of the sub-
ject which has the appearance of being similar. Mr
Harris considers the adverb, the preposition, and the
conjunction as merely subsidiary and inferior materials
which connect the other parts of speech, and give or-

nament and fulness of expression to the whole; while Mr
Tooke considers them, in every instance in which they
are used, as equally essential with nouns and verbs, and
refuses them a separate rank only because they are pos-
sessed of the same character with one or other of these
parts of speech. He considers their only peculiarity as

consisting in an abbreviated form, which has originated

in the efforts ofmankind to express their thoughts with
celerity.

We have already observed that Mr Tooke founds his

doctrine of the distinction of all words into nouns and
verbs on this principle, that language implies " the signs
of ideas," and also a " separate instrument for the pur-
nose of communication." This separate instrument
he calls the verb. He considers every verb as im-
plying a noun, and also as implying something more,
though he leaves the problem unsolved, what is that
definite circumstance which, when added to the noun,
makes it a verb ?

wry here ^^ coincide with this author in so far as he maintains
.anccd. that language consists ofthe signs of itleas, together with

certain contrivances for connecting these so as to answer
1

guages.

rToeke
dMr
am.

the purposes of language. We adopt from him the va.
luable suggestion, that the verb contains the name of on
idea, and, in this respect, comprehends the character of
a noun, together with some additional circumstance

;

but we are obliged to give this suggestion a much wider
extension, and to consider all the parts of speech, the
noun itself included, as consisting of two parts, one of
which is the sign of an idea, and the other a sign of a
definite place which that idea is to occupy in the order
of discourse. Instead of saying with tins author that
the verb is quod loquimur, and the noun de quo, we
would say that both the one and the other cont^iin the
name of an idea, and also a mark of some specific appli-

cation, arising from the present occasions of the speaker.
Both express certain objects de quihus loqnimur, while
the quod loquimur is the result of the collocation of the
words thus mutually adapted.

Such differences of mutual adaptation furnish the only Division o.'

good foundation for a distribution of the parts of speech, f^is subject

Great nicety in our subdivision is not essential to the '" """*

explanation of their nature. We may, independently
Jj'o^jl'*

"'''

of tJiis, point out the circumstances in which any part
of speech to which we happen to give a separate name
approaches to various others, or differs from them in its

character. We slwll therefore, without condemning the
plans of others, adopt the division and arrangement "

which appear to us, in the mean time, most conve-
nient. Even where a dispute may arise about the pro-
priety of a particular distinction, in consequence of a
slightdifFerence in theobvious form ofsome words, which
may have led into an erroneous conception of their na-
ture, this is worthy of being noticed, for the purpose of
assigning to it its due share of importance. Useful infor- '

mation may be derived from the detection of deceitful

resemblances and deceitful differences, as well as from
processes ofanalytical science apparently more profound.
To content ourselves with showing that other persons
were misled by them, and reprobating the errors which
they embraced, is a plan ofconduct neither fitted to pro-

mote scientific inquiry nor liberality of feeling.

CHAP. IV.

Of Nouns.

Sect. I. The Nature of the Noun.

The word Noun in our language, as well as the cor- DifTertiices

responding words used by grammarians in other in the extent

languages, signifies " a name." Nouns are, for the "f
meaning

most part, defined to be " words which denote objects ^'"° ^
or substances." Some consider them as including sub-

stantives and adjectives ; substantives denoting substan-

ces,and adjectivesdenoting qualities. Othersregard these
two sorts of words as deserving a separate rank in lan-

guage, and therefore restrict the meaning of the term
"noun" to substantives. The words to which these differ-

ent appellations are assigned agree in some respects, and
differ in others ; and the propriety of ranking them to-

gether or separately will depend on the definition given

to the noun. Mr Tooke considers both substantives

and adjectives as nouns, and as in fact the same sort of

words, only that the adjective contains, besides the name
of the object, a sign that it is to be coupled in language

with some other. We shall, on the present occasion,

restrict the term noun to the substantive, and shall use

these terms indiscriminately, sometimes preferring the

latter as better fitted to prevent any ambiguity on the

part of the reader, created by the general usages of

grammarians.
We may trace in th« pre%'alent method of describing Erroneous

the nature of the noun, «9 distinguished from other diitinctMM,
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Universal parts ofspeech, some of the hurtful effects of the opinion
Grammar, entertained by grammarians, that the history of lan-

^"^CT^ g"3gs implies a history of human knowledge and
founded on

jjjj,„„jjt Condillac maintains that languages are ana-
erroneous , . *' 1 , , 1 lU c
views, of Ian- lytic methods, and are necessary both for givmg an

guage. account of our thoughts to our own minds, and con-

ducting us to ideas which otherwise we could not have

possessed. He thinks that the investigation of them
furnishes us with convenient means for the analysis of

thought, and he conceives it a radical mistake to regard

them merely as the instruments of communication. Con-
formably with this notion, that author, like many others,

considers the different parts of speech as expressions for

different kinds of thoughts. We hope gradually to

exhibit, in the sequel of this article, an ample collection

of facts in refutation of these opinions. We shall, in

the mean time, illustrate their fallacy, by pointintr out

the fallacious character of the metaphysical speculations

with which, as applied to the noun, they have been as-

sociated.

Are nouns, Substantive nouns have been considered as the name?
or sub. of substances. The word " substance," is derived from
stantives.the j^i and stare, because they are considered as beings ex-
names of

^ iating under the qualities perceived by the senses, and
'" * <*^- giving these qualities support. It is granted by every

person who endeavours to go a step farther back in this

speculation, that the nature of a substance, as separate

from its qualities, and which metaphysicians, for the

sake of distinction, denominate a suhslralum, is un-
known. Notwithstanding this, such words as " stone,"
" earth," " wootl," and " iron," are regarded not as the

names of particular instances and forms of hardness,

weight, visibility, colour, and other qualities which are

perceived, but of substrata which possess these qualities.

Poctrine of Some gi'ammarians, following a similar theory, have
the French represented the distinction betwixt substantives and ad-
gramma- jectives as having for its foundation a difference exist-
rians. j„g jn nature betwixt things and their manner oj ex-

istence. Things are said to be substances which exist

by themselves, but thejnanner of existence of things is

said to form accidents which only exist in consequence
of the existence of substances. This is the opinion ad-
vanced by the authors of the Grammaire Generate el

Raisonnee. Words which signify the objects of thought
are, in that work, distinguished into those which sig-

nify substances, and which are substantives, and those
which signify accidents, and contain at the same time
a notification that there is some substance to which these
accidents belong. These last words are adjective nouns,
or, to express each by a single word, the former are call-

ed nouns and the latter adjectives.
Kouns It is, however, an obvious fact with regard to nouns,

th^nl'mes of
**"*'' ""^"^ °^ ^^^"^ '""^^ ^^^ names of qualities. Such are

niuUiiei*
° the nouns, " hardness," " blackness," and " whiteness,"
which have as much the character of substantives in
their use in language as the words, " iron," " wood,"
and " stone."

Explana. In order to surmount this difficulty, these have been
tions of this regarded as a secon<lary or improper kind of substan-
faou tives, and the ideas expressed by them as not original-

ly entitled to be expressed in that form. They have
been considered as originating in a figure of speech
by which qualities are treated as if they were subsUn-
ces. The authors of the last mentioned Grammar inge-
niously attempt to solve the difficulty, by describing the
qualities tlius designated as subsisting ly themselves in
language, being so used as to have no need of another
noun, although they are, in their own nature, mere
accidents. A very little more inquiry would have led
these writers to the Uue doctrine oo the subject, that

1

the mode of treating the sign of an idea, and the idea Umw
itself by means of it, in language, is the sole founda- •^f'^""

tion of the peculiarities of the substantive noun.
Discu-

The difference betwixt a substance and its qualities, of the i

and the whole doctrine of a substratum, seem to be trine of^

mere assumptions of an excessively inquisitive spe- substrati

cies of philosophy. The only real objects of our

knowledge are qualities. It is v;un to tell us that

the qualities are merely the media by which we
obtain a knowledge of the substance. Our ideas of

the qualities themselves are clear and precise ; but

we never find that our knowledge of them conducts

us one step towartls the knowledge of the substratum.

The doctrine of the existence of the latter ought there-

fore to be rejectetl as an unfounded assumption, and
the objects which we call substances ought to be con-

sidered as consisting entirely of definite assemblages of

sensible qualities. We cannot, indeed, disprove the

existence of a substratum, nor can we prove that this

substratum is not the cause of the qualities, and
the bond of their union. Nature contains riches to

which the human understanding has no access. But
we must have some intelligible description before we
can entertain any idea of it, and we must have some
proof of its existence before we can reasonably be-

lieve in it. If any person should assert that every
^j^j^ ^^

particle of earth contains a miniature of the planetary trine not

system, we should understand his meaning, and it proved,

would not be in our power to disprove his assertion.

But we should undoubtedly reject it as unsupported

by evidence, and ascribe the belief of it on his part to

extreme credulity, a passion for singularity, or some
other of the sources of self-deception by which men are

so often misled. But the doctrine of a material substra-

tum is not merely destitute of proof; it is imintelligi- and even

ble. The word is pronounced without any appropriate unintelli(

meaning. It is not probable that a notion of this sort We.

obtains among mankind at large. It is probable that

the vulgar never think of any substratum containing

the sensible qualities which they perceive, and that

their idew of matter are restricted to qualities which
are the solid and real objects of their knowledge. The
doctrine of a substratum has been invented by men
in quest of subtleties ; and it seems to have been
supported by the other error already mentioned, that

the structure of language exhibits an analytical view

of our thoughts, antl that different kinds of thoughts

must be expressed where different kinds of words are

used. Man is liable, in such inquiries, to give way to a

precipitate curiosity, which leads him to frame hypo-
theses on subjects beyond his reach. He does not re-

pose in his actual discoveries, but labours to account

for what he knows ; and, rather than leave this unat-

tempted, he explains what he really knows by some-

thing which he does not know, and thus infallibly ren-

ders it more obscure. He imagines that he obtains so-

lutions of his difficulties, while he only indulges a con-

fused and mystic feeling associated with the use of

particular words.

When several qualities are observed to be constantly Qualitiei

united in nature, a strong association is formed among ""'y <M"

our ideas of such qualities ; but if we make a careful "^j
"°''"

analysis of mental phenomena, we shall find tliat, in pro-

nouncing the name of any material being, certain sen-

sible qualities, more or less vaguely conceived, are the

only objects of our thoughts.

This dissertation on our ideas of substances may ap-

pear a deviation from the subject of Universal Gram-
mar. But, since grammarians have supposed these ideas

to be closely coimccted with tlie theory of nouns, it
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fiiiv«T»»l seemed necessary, in order to do justice to our subject,
inmniar. that we should shew tlic fallacy of the common doc-
^"Y^^ trincs from the nature of our thoughts, as well as

from the structure of langu.'i^e. The views which
we iiave stated lead us to no vajifue or perplexing

conclusions. The fact of the uniformity of the defi-

nite combinations of certain material qualities, is in no
degree deprived of its solidity or interest, though we
decline to admit the hypothesis of a substratum. The
rejection of tliis hypothesis will assist our physical, as

well as our grammatical studies. It will relieve us

from the embarrassment of the unflerstanding which
sometimes takes place when particular qualities are

found in a detached state. Those who are unpractised

in the accurate exercise of thought, and have been led

astray by words, have, in the outset of their physical

inquiries, foimd it difficult to conceive that a body
which is felt yet not seen, as the air, has an existence

equally substantial with other matter. They have also

considered light, which implies an object of sight un-
accompanied by any object of toucli, as on this account
more difficult to be understood than earth, stones, and
other substances which are both tangible and visible.

The most rational proceeding is to satisfy ourselves with
such qualities oftangibility and visibility as we can ascer-

tain in any of their peculiarities and relations, whether
they are observed in astateofconjunctionor ofseparation.

Thus, when we attempt to trace the supposed dif-

ferences betwixt substances and qualities, we find

no foundation for a distinction into two kinds of ob-
jects, and much less for a distinction in the kind of
terras by which such objects should be expressed. This
is tlie same conclusion to which we are led in tracing

the history of nouns. We find that tlie same kinds of
ideas are designated by them as by adjectives.

ncral jf the distinction betwixt nouns and other parts of
.. "! . speech cannot be founded on the place which the ob-

thcnoun. J**^'*
expressed by them occupy in nature, it must rest

entirely on the manner in which' they are introduced
with relation to the other words with which they are

conjoined. It depends on the rank which the word
occupies in a sentence, and which the thought excit-

ed by it is intended to occupy in that mental series

which we wish to produce.
juiry How, then, are we to define the noun so as to dis-
crein this tinguish it from the other parts of speech i Shall we,
"'''^ with Mr Tooke, consider it as the " mere name of an

idea ?" Shall we consider the verb as a part of speech
more complicated in its nature, by containing "some cir-

cumstance in addition to the name ofan idea.''" And shall

we be induced to extend a similar character of compli-
cation, in a smaller degree, to the adjective .'' This mode
of proceeding might at first appear plausible. But, on
closer reflection, we shall find that no word, not even
a substantive noun, exists as the mere name of an idea,

that there is always a demonstration of some further

definite use to which it is to be applied. This we know
to be the purpose of the variations called cases. Even
the nominative case has a peculiarity which does not
consist in the want of any such demonstration. The
syllable us in doviimis, denoting the nominative case,

informs us that the noun is to be connected with a
verb of assertion. The genitive case, and all the others
in like manner point out some definite use of the noun.
If we separate tliese terminations, and consider them
as distinct signs, and regard the radical syllables as
containing tlie essence of the noun, (as in this ex-
ample tlie syllables domiti,) we shall still retain the
name of the idea, but we shall have nothing to distin-

guish the noun from the other parts of speech. If a

verb is deprived of nil the parts ivhich are intended to Univtml
connect the idea which it represents with the other p"*""»''•

ideas expressed in a sentence, we shall, in like manner, ^""^'''""^

retain the mere name of an object. In domin we have
the radical syllables of the verb dominor, as Well as of
the noun dominus.

Taking the noun with all the terminations incident An tttonpt

to it, we might still be supposed desirous of giving it a 'f'ietcribe

definition. In its different fonns we have a variety of
^f*."""""

uses to which it is anpliwl. With these in our view, " *
°°^"

we may now ask, what circumstance is common to

them all, which does not belong to the same etymon
in the form of a verb. It will not l)e e.isy to give a
formal definition of this. It appears to us to con-
sist in the degree of conspicuousness which the word
has in a sentence, and the ascendant interest which
the idea expressed by it is intended to have in the
mind of the person addressed. The noun is a name
for the central object of interest. When we come to

consider the different cases, it will be made to appear
'

that they refer us to degrees of importance different

from one another; but they all agree in expressing

ideas nearer to the central object than those expressed

by the other parts of speech ; or, at least, this will be
shewn to be their original destination. This may seem
a very imperfect definition of a particular part of speech

:

it expresses, however, nothing but what is true ; and
the same truth will be more fully developed in other

insfcmces, as we proceed with the discussion of the va-

rious kinds of words. Although no formal definition

has now been given of the noun, the ptirpose of a defi-

nition is ultimately answered when it is descrilied by
means of a comparison with other wonls, the only ob-
jects from which it requires to be distinguished.

When no termination is affixed to the radical sign,

die distinction betwixt its application as a noun and as

a verb is designated by its mode of connection with
other words in the sentence. When the general idea

expressed by the word " love" is exhibited as the chief

object of interest, " love" is a noun, and the purposes of
speech require it in that use to be connected with some
sort of verb, as " love is a pleasing emotion." It is

thus fully distinguished from the verb " love," which
is known to be a verb from having a noun connected
with it as introductory. In such sentences as, " I love,"
" you love," " they love," the subject of discourse is

always denoted by a substantive noun. Other substan-

tive nouns may indeed be introduced as subordinate to

that which signifies the subject chiefly spoken of The
differences of these relations will be afterwards attend-

ed to. In the mean time we shall regard this general
purpose as giving origin to that part of speech. In the

noun the name of the idea has also greater latitude in

the uses to which it is applied. It is a sign by means
of which the same idea may, in the progress of discourse,

be represented repeatedly, and in a great variety of as-

pects.

Sect. II. Concrete and Abstract Nouns.

Nouns are either concrete or abstract. A concrete

noun signifies a congeries of qualities habitually pre-

sented together in nature. An abstract noun signifies

a quality separately conceived.

The words " man," " woman," " wood," " stone," Nature of

" house," " city," are examples of concrete notins. concrete

They arc the same that have been considered by gram- °°""'*

marians and metaphysicians as the names of substan-

ces, that is, of substrata possessing definite qualities.

The qualities and the substances have been supposed to
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be firmly conjoined; hence the name concrete, by
which their nature is expressed, is derived from the La-

tin words con and creius, signifying " grown together."

Though the hypothesis of a substratum is rejected, the

term co7icre/e is perfectly well adapted to represent a con-

geries of qualities which have become associated in the

mind in consequence of certain specimens ofthem in na-

ture being habitually found in conjunction. The name
ofa person well known to us suggests some or all of the

qualities by which he is distinguished, such as his ap-

pearance, the sound of his voice, and the particidars of

his personal character. The name of any well-known

river, hamlet, field, or other inanimate object, suggests,

in like manner, the distinguishing characters of each.

The same thing is even done, though in a different

way, by concrete terms of more general application,

such as the words " river," " mountain," and " city."

Sometimes one quality of the object, and sometimes

several, occur to the mind as associated with the word ;

sometimes merely a vague impression of a scene in

which we expect to find certain qualities which are the

objects of our remembrance. The limits within which
the expectations connected with words of this sort are

confined constitute their precise meaning, or mental
definition.

The scene by which we are continually surrounded
consists of groups of sensible qualities, which are vari-

ous in extent, and variously combined. This diversity

gives origin to a diversity of terms. Terms are render-

ed necessary on account of the subserviency of many
surrounding objects to our first wants, and their import-

ance as instruments of mutual assistance among men.
When they are present, we may, by merely looking or
pointing at them, direct to them the attention of one
another, and, when they are absent, we may think of
them independently of any names. But, when one man
wishes to execute any purpose regarding them in their

absence by exciting the ideas of them in the mind of
another, he requires signs to represent them ; and from
the familiarity of the mind with these objects the con-
trivance of names becomes a very early operation of the
social individual.

Abstract nouns arc those which signify qualities sepa-
rately conceived, such as " whiteness," " roundness,"
" softness," " form," " magnitude," " beauty." The na-
ture of these nouns, and of the objects which they desig-
nate, has given rise to controversy . Some have denied that
they express definite or separate ideas, because qualities

never exist by themselves, but are always attached to
some substance; and because it is impossible even to think
of the qualities without thinking of the substance. It has,
for example, been declared impossible to think ofwhite-
ness, blackness, redness, straightness, or hardness, with-
out thinking ofa thing or substance whicfi is white, black,
red, straight or hard. In so far as this doctrine im-
plies the impossibility of thinking of qualities without
the substrata, it has been already discussed, and must
be laid aside by every person who recollects that the
substratum is regarded, even by those who beUeve most
firmly in its existence, as the most difficult to be appre-
hended of all material objects. Those who imagine that
they think about substances to which such qualities as
have now been mentioned belong, merely think more
or less obscurely of other qualities with which they
have a strong inclination to connect those which happen
to be named. Each quality is an independent object of
knowledge ; but the ideas of different qualities are
strongly associated in the mind, and the activity and
versatility of its operations produce a proneness to con-
join each one that comes into view with others concei-

ved to be collateral. During the first evolution of our
senses, our knowledge is acquired by attending to single

qualities. Persons who are born blind or deaf, and
consequently have none of the ideas imparted by that

sense which is deficient to mingle with their other

ideas, retain through life a separate conception of cer-

tain material qualities which, by the greater part of
mankind, are constantly associated with others. When
a person, under these circumstances, happens to recover

the deficient faculty, the ideas which it conveys are at

first separate, and it is only by experience that the habit

of associating them with others is gradually produced.
This process has been illustrated in the history of persons
bom blind from an opacity in the crystalline lens ofthe
eye, and cured by surgical operation, at a period of life

when their mental faculties were so far unfolded as to

enable them to describe their sensations. In mankind
at large, the combinations of sensible ideas are formed
long before language is attended to; and on this account
the structure ofianguage affords no analytical view of the

process. If it did, the names of single qualities would be
the simplest words, and the names of the assemblages
which we denominate matter or substance would be com-
paratively compound. The reverse of this is the case.

The names of habitual assemblages of objects are less

compound, because the utility of assigning names to

them is of prior suggestion. Single quahties are la-

ter in becoming leading subjects of discourse, and hence
their names are later in assuming the form ofsubstantive

nouns. " Whiteness," " blackness," " redness," " hard-

ness," " straightness," " roundness," are not so short as

many names ofobjects, which comprehend one of these

qualities in combination with several others. " Egg'*

is a shorter word than " whiteness," " soot" than
" blackness." Even the names of single qualities, com-
prehend in their original formation a general mark of

reference to some congeries of which they are supposed

to form a part, and the name is subordinate in discourse

to the name of some such congeries. " White'' is the

name of a quaUty, and contains a reference to some con-
geries to which it is described as belonging. The sepa-

rate consideration ofthe quality is a subsequent object of

interest ; therefore the term for it is of subsequent crea-

tion, and an additional sign to denote this separate con-

sideration is attached to it. This sign b the termination

"ness.'' From " white," we have " whiteness ;" from
" red," " redness ;" from " round," " roundness ;" from
" great," "greatness." Different languages have diffe-

rent terminations adapted to the same purpose. From
the Latin mnenus, we have magnitude in Latin, and
" magnitude" in English.

Some have denied that we can have any ideas of sepa-

rate qualities. It must be granted, as has been already ob-

served, that the hiunan mind has a strong propensity to

conjoin different qualities mutuallyas objects ofthought,

and thus form conceptions ofcompound individuals. We
mentioned, however, that it ought to be recollected that

a person whose sensibilities are only as yet beginning to

be unfolded has separate perceptiops of the different

qualities. It is now further to be observed that any
person, even one whose habits of association are most

inveterate, may direct his chiefatteution to one particu-

lar quality. Others may indeed involuntarily intrude in

combination with it, or he may have occasion to think of

the relations in which it stands to others ; but this one
in particular is distinguished as the chiefobject of his at-

tention, and is also thought ofwith constancy, while the

others with which it is accidentally associated are both

less attended to and in themselves varying. We therefore

see no impropriety in saying that this is a separate ob*

Can qui'

ties be ! I
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thought
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""Y"™^ tliat gives orijjin to such terms, and confers on them all

tiicir meaning? and utility, if the present were a pro-

per occasion for enterinj; on such disquisitions, we might

show that even the nanicsof concrete objects do not al-

way;* excite in the mind the same constant and definite

ideas which are, on m;iture consideration, attached to

them. When a concrete noun implies many ideas, we
do not think of the whole of them. Wlien it implies

very few, we think of something else with which we
suppose them to be in contact. It is seUlom that the

mind is occupieil with the full meaning of any word to

the total exclusion of other ideas. Very little diflerence,

therefore, exists betwixt our mode ofconceiving the ob-

jects signified by concrete and those signified by ab-

stract nouns. The comparatively complicated form of

the latter arise.s from the comparative recency of the

period at which a distinction becomes requisite for de-

noting single qualities as the principal subjects of dis-

course.

Sect. HI. Particular and General Kouns,

Nouns are either particular or general. Particular

nouns, or proper names, are those which are applicible

only to individuals. General nouns {commonly call-

ed general terms) are those which are applied to a plu-

rality of'objects possessing a mutual resemblance.

\\'hen human knowledge becomes somewhat ex-

tentled, it is impossible to conduct language by means
of proper names alone. Individual objects are too nu-

merous to receive distinct names ; and, if these were
imjKJsed, it would be impossible for tlie most tenacious

memory to retain the nouns of any language. A sense

of tiiis inconvenience has been supposed by some gram-
marians to have given origin to the expedient of arran-

ging objects in genera, each genus including all the in*

dividuals which resemble one another in certain parti-

culars, .•md which on that account receive one common
name. Such are the words "tree," "field," "house,"
" bird," " horse," " elephant," " man," " woman."
This history of general terms, liowever, is not agree-

able to fact. Mankind have a native bias to give the

same name to objects which are nearly alike. They
delight to show, in this manner, that they recognise

in a new object a character similar to that of some-

thing previously known. They prefer tlie use of words
habitually significant to the coining of tenns entirely

new. This tendency is observed very early in chil-

dren. They apply the same words even in cases in

which the resemblances of objects are not suflicient-

ly strong to render tlie general application of a terra

satisfactory. A child introduced for the first time to

the sight of an uncommon animal, such as a camel,

gives it an appellation borrowed from some familiar

object. First, observing its majestic size, he calls it a

horse ; next, the form of its head, he calls it a sheep
;

and, by passing from one designation to anotiier, he
shows a powerful inclination to apply to it sonic general

term. The application of common names is always
most constant where the mutual resemblances of indi-

viduals are greatest. When they are perfectly alike,

it is as natural to give the same name constantly to them
all as to give the same name atall times to an individual.

It has been said that all terms are at first |)ro|jer

names. But tlie name which we first apply to an ob-

ject is proper only whea we are acquainted with no
VOL. X. PART IJ.

I they

Uy pro-

other object resembling it, or when an individual «o fre-

quently claims our separate interest, that a name to

(iistinguish it from all others is abnoiutely nece«Rary.

This last circumstance is the foundation of the applica- The ere*,

tion of proper names from the very beginning to all
u"nofp»<»-

our familiar friends, notwithstanding the oliviousmu- P*' """**'

tual resemblances of human beings. Under other cir-

cumstances, we no sooner perceive resemblances than
we form general terms, or, which is the same thing,

give a general application to such terms as we possess.

With regard to the greater part of nouns, it is probably
nearer the truth to say that general terms are first

in order, and that men, finding it convenient to de-
signate individuals by single terms, subsequently
create proper names, than to maintain that a sense of
the inconvenience arising from the mere multiplicity

of proper names gives rise to the abridged method
of forming general terms. By a tenacious disputant,

it might be contended that we become acquaint-

ed with objects one by one, and that therefore, if a
name is given to the first object of our knowledge
as soon as known, it must be a proper name ; but this

speculation supposes man to form wortb much soon-
er than it is possible for him to do, that is, before he
possesses any variety of knowledge .-Ta state of things
which )>recludcs all occasion for language as well as

the possibility of articulation.

Here it will be requisite to describe the nature of General
general ideas, a subject which has given rise to much ,dcas.

controversy. Some have maintained that no such itleas -^

exist ; others, that they owe their existence to the pre-
^J^J -^^^

vious fonnation of general terms. The chief argument pemlently
against the existence of general ideas is deduced from of general

the fact that, when we endeavour to think separately t*""* ''

of the circumstance which is common to all the indivi-

duals of a genus, we can obtain no distinct image.
To think of " man in generjil" is said to be impossible.

The man of whom we think must be tall or short, naked
or clothed, fair or dark, lively or dull. In like manner,
if we endeavour to form a general idea of " a tree" by
contemplating nothing but what is common to all trees,

the image no longer resembles any tree.

The denial of the existence of general ideas has some- DifFercnce

times been accompanied with a misconception arising betwixt ex-

from the confounding oftwo things which are in them- |<^f"^' "''-

selves distinct ; the existence of ideas in the mind, and i^";"
"

the existence of external objects. It seems to have been
tacitly taken for grante<l that the same laws which
regulate external objects should apply to the ideas which
the mind entertains concerning them. All external ob-
jects are individual.*, and therefore it has been supposed
that all our ideas of them ought to be particular. Ex-
ternal objects retain during the lapse of time their indi-

vidual i(lentity. The names assigned to them have
therefore been supposed to ret;tui one constant mean-
ing in our minds, and this constancy has been regarded
as the foundation of our ideas of particularity. Hence
proper names have been supposed to be peculiarly ex-
act in their meaning. But the fact is, that, even when
we think of the same individuals in nature, our ideas

at one time are difierent from what they are at another.
They de|)en<l on the state of the mind and on the point
of view wliich we take of the object, independently of
any change tg which its real qualities are hable. if par-
ticularity implies invariableness, our ideas, as existing
at a specified instant of time, are tlie only ones that can
be regai-ded as particular. Ideas oftlic .same external

object existing at difierent times, though resembling
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each otiier, may also in some respects differ ; and how-

ever nearly they may coincide, they are always distinct

facts in the mind. When two ideas of the same exter-

nal object entertained at different times are placed

together and called one idea, this idea is -reneral in its

nature. Thus proper names have not such a steadiness

in the ideas which they excite as has been ascribed to

them. We shall further find that the ideas attached at

any particular moment to a general term, are not so

Vjif^ue as has been supposed. They have a distinct

character ; they form a definite affection or state of mind,

and that state of mind is a particular or individual fact.

Individuality, however, as relating to the idea in the

Dihid, does not form tlie foundation ofany sort of words,

because words are understood from time to time, and

are c<)nsitlere<l as retaining the same meaning indepen-

dently of the fluctuations of human thought. The
foundation of this supposed constancy is, that the ideas

attached to them have always a mutual similarity.

They differ from one another, but this difference has its

In another bounds both in proper names and general terms. The
sense gene- ideas attached at different times to proper names differ

according to the situations and aspects in which objects

are viewed, and according as the mind takes in the

whole, or only a part of any object represented. It is

evident that the ideas attached to general terms are sub-

jected to the very same variations. They are also hable

to variations peculiar to themselves, arising from the dis-

similarities subsisting among individuals of the same
genus. Tliis cause of diversity seems to have been

exslusively attended to in the inquiries instituted

into the subject of general terms. Yet it is not always

greater than the other. In some instances it has no ef-

fect. This takes place wherever these diversities are

so slight or so void of interest as to escape observation.

Such are the differences betwixt one flij, one stvrillotv,

or one mouse and another. The general terms applied

to these objects excite no greater variety of ideas than

is liable to be excited by the proper names ofindividu-

als belonging to the respective species. It is of im-

portance now to remark, that even general words sig-

nificant of classes of beings among which prominent
distinctions exist, along with the similarities which
form the foundation of the general application of tlie

words, are to be considered as retaining from time

to time the same meaning, because the ideas which
they excite are variable only within certain bounds.

Some definite idea is therefore strictly attached to each
term. This may be considered as a detached thought,

in so far as it may be made the only, or at least the lead-

ing, object of attention. We may think of the objects

signified by any term as one genus, and investigate

their common properties. The versatile nature of the

human mind makes it prone to mingle its ideas of
these properties with various others, and these others

are for the most part such as are combined with the cha-

racter of tlie genus to form particular individuals. But
the general property may be principally thought of, as

well as solely designated.

With regard to the opinion of those who allow the
existence of general ideas, yet maintain that they owe
their existence to the formation of general terms, it

Aom words, seems to us completely incongruous. A term is invent-

ed for the purpose of expressing an idea. The recog-
nizance of a resemblance among a plurality of individu-

als is the foundation of a general idea, and this always
exists before any general term is invented, and before

any term which was formerly a proper name receives

a generic application.

The ideas

attached to

ixith kinds

of nouns

subject to

variations

^hich have

tlieir limits.

General

ideas do

not arise

The resemblances among objects have various degrees

of extent. Some genera are much more comprehensive
than others. Some include subordinate divisions into

more limited genera. The word genus as techni-

cally used in the arrangements of natural history, re-

presents one stage of subdivision : those immediately
subordinate to it are called sptcies. If it is found con-
venient to subdivide these, the subdivisions are called

sub-species or varieties. Those which are more com-
prehen.sive than genera are called orders. Others still

more comprehensive are called classes. The most ge-
neral division of all is into kingdoms, called the ani-

mal, the vegetable, and the mineral kingdom.
In tlie greater part of objects, however, the resem-

blances pass gradually into one another. One object
resembles many others, each in different respects and
in different degrees. Every point of resemblance and of
difference has a generic name, because many exemplifi-

cations of all ofthem occur. In consequence of the end-
less variety ofexisting combinations, we may designate a
particular object by enumerating the general properties

which meet in it to form its character. It is thus that we
describe either a limited species or a single individual.

This may be done without giving it an appropriate name.
We never pursue a system of classification to its ut-

most extent, so as to give characters to all the subdivi-
sions that might be formed. However near we have
brought any two objects together by the limitations of
our specific characters, it is still jjossible to find out some
circumstance in which they differ, either in their intrinsic

nature or their external relations ; and, if upon this, in

union with their other characters, we were to establish

a terra in our subdivisions, the gradations would be so

much extended as to become equally numerous with
individuals. Thus classification would produce no com-
pendiousness of plan. It would give rise to as many
names as there are individuals, besides encumbering us
with the names of all the subdivisions. But we have
no motives for proceeding in this manner. In most
instances, the peculiarities of individuals, or of very li-

mited species, do not sufficiently interest us. When they
excite occasional interest, they are designated as possess-

ing certain specific assemblages of qualities expressed by
general terms, and our descriptions are aided by the em-
ployment of clear references. To designate the proper-

ties of interesting genera, species, and individuals, is a
great part of the object of written language. It often

happens that not only sentences but books are made
subservient to the description of one object. Many
others are indeed introduced for illustrating the relations

sustained by the leading one ; relations which undoubt-
edly constitute part of the character of these others, and
more or less promote the elucidation of all.

The terms which designate single qualities are al-

ways general. The cause of this feature in language is

worthy of investigation. The fact itself has given rise

to an idea, that single qualities are not individuals ; that

they are mere modes applicable to different individual

substances ; or that, if each quality is an universal indi-

vidual, it is moveable in its relations with other quali-

ties. But single qualities, wherever they come under
our knowledge, are in reality different individuals.

The whiteness of snow, and the whiteness of bleached
linen, are different objects. The whiteness of one piece

of linen is a separate object from the whiteness of ano-

ther. It is the similarity, more or less perfect, of the

objects in all instances of whiteness, that gives rise to

the general name of the colour ; and it is for no other

reason that one common name is given to concrete
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lJmver«»l assemblaffc* of objects possessinjf a mutiml resemblnnce
'"""'"•'• wlietlicr iti arraiijifement or in kind. It is for tho same
"^ "^ reason thut u plurality of objects receives the name

of " stone," " mountain," or •' field." ^'et, liowever
exactly coincident the colour of one object may be with
that of another, and however hopeless a ta^-k it may be
to attempt to di^tinsfuish them, except by the differences
of their association with other qualities, the colour is in
each ciise a sc|):u-ate individual It has no proper

luseof name; because, while our attention is attracted by
lUfajc. it, we are at tlie same time presented with other

qualities (that is, other objects) closely conjoined with
it, and it is the combined scene that fixes our attention.
It is to the combined scene that we apply a name, in
consequence of the joint interest which we and others
take in it. The only interest that we have in marking
a separate quality of this scene is to point it out aa
a circumstance in which it resembles others. Hence it

is only when we jjerceive similar objects, that we give
this single quality a name. Thus the word in its

very creation is general. The e.xactness of the re-
semblance which different exemplifications of single
qualities have to each other is another reason why ge-
neric terms alone are applied to them. Although dif-
ferent objects, they are not intrinsically distinguishable,
and the idea which we apply to a plurality of instances
of them resembles, in its constancy, the idea attached
to the same individual.

Even when any congeries of objects has a quality (or,
in other words, comprehends an object) altogetlier pe-
culiar, we give it no distinct name. If it is known to
other persons, we refer to it by means of the concrete
name by which the group of which it forms a part is

known. If it is a peculiar sensation, as some of those
which arise from disease, the only description that we
give of it to one who has not experienced it, consists in a
statement of its total dissimilarity to every other Even
when a kind of qualities belongs to a limited range of
assemblages, (or, in other wortls, a limited species of
substances,) we borrow the name of the quality from
the name of the concrete assemblage of which it forms
a part. The taste peculiar to an apple, an orange, a
pear, or a cucumber, although forming each a peculiar
class of tastes, has for its only designation a reference
to the species of fruit with which it is connected.

Uwi—

M

l

Grttmnu.
when we trace the mutual concordance of languages
which are historically known to be akin. When wi-gr.isp

at the rescmbbmcea among the languages of iiatiuns ~ «

" '-

'

which can scarcely be sup(K>scd to have ever been con-
nected 1)3' mutuiU intercourse, we are hi danger of mis-
taking for actual derivations instances in which a coin-

cidence has accidentally taken place amidst the uparing
number of short combinations which can be pruducecl
among a few elementary sounds.
We must therefore in many cases abandon the in-

vestigation of the origin of oral signs, as concp.iled by
the total want of documents, or other means of tr;iciiig

them. In some cases, however, the natural relations of
objects to certain sounds discover the origin oi words

;

in others, an evident leading analogy enables us to trace

the same radical signs tlirough different languages. In
both of these fields of research, we have an opportunity
of discerning some important mental operations con-
cerned in the formation and application of Languages.
We shall therefore take notice of a few general varie-

ties in tlie derivation of nouns.

Some nouns shew an evident adaptation of sounds Natural

naturally connected with the objects which they denote. ori|iin of

Whether these sounds have been received into one Ian- '""" ««'<!»•

guage from another, or owe their origin to the imme-
diate suggestion of nature, is a matter of little moment.
The principle which produces an adherence to the use
ofthem is in both cases the same. Among these we may
reckon the nouns cnculus in Latin, and cttckoo in Eng-
lish, evidently intended to imitate the note of the bird

which they signify. The Latin perdrix for a partridge
is a near imitation of the sound made by that bird when
disturbed in the field. Of the same kind are some
nouns descriptive of particular sounds. We may take
for examples, the words corn-craik for the land rail, pees-

pjcep for the lapwing ; hubble-bubble for a noisy smoking
instrument ; also such words as hiss, splash, and splutter.

Though some of them are provincial, and others are rec
koned extremely vulgar, they exhibit one feature of the
tendencies of mankind in the creation of signs.

Many nouns are derived from verbs of motion. This Nouns fr«.

is the case not merely with such as signify certain mo- qneotly de-

tions in the abstract. Many concrete nouns are also form- "*"|''''W»

ed from such verbs, in consequence of the selection of
n",;^,^*

qualities or objects to be concreted being originally sug-
gested by some relation to the voluntary motions of
mankind. Of these we have an ample list in Tooke's
Diversions of Purlci/. That author seems to consider
the circumstance of so many names of objects being de-
rived from verbs as leading to important general con-

TiiE transmissions of words from one language to elusions, although these are not spccitietl. This feature Cause* uf

Sect. IV. Etymological History of Namis.

another are so much varietl that it is not easy to trace
the derivation of all. The simple sounds of which
they are composed are but few ; for, though the mo-
difications of pronunciation may be infinitely multi-
plied, these variations do not exhibit distinctions of
origin and of meaning. On the contrary, we find
sounds which are very dissimilar mutually exchanged
in the transmission of a word from one dialect to ano-
ther. The sounds, therefore, that are inconvertible

of etymology evidently arises from the interesting tl"*

nature of the voluntary motions of our .'•pecies. From
this cause, as we have already remarked, the earliest and
simplest form of words of motion is that of the impe-
rative ; a wish to receive assistance from the activi-

ty of others being the earliest motive for speecli. The
interesting character of these motions also appears in

the prevalent etymology of names for external ob-
jects. Though the objects themselves are previously

mto otliers, or the collections of sounds which, though Known, our first motives for contriving signs to repre
mutually convertible, are never exchanged for any that
are diiferent from them, are retluced within a small com-
pass. In reviewing the history of languages, we might
at times suppose that almost all sounds are mutually
convertible, and, in despair of finding satisfaction from
etymological researches, acquiesce in this account of
tliem, Les voyellcs sont pour rim, el les consonnespour pen
lie chose. Such researches are most secure from fallacy

sent them arise from their known subserviency to the
directions which we mean to give to the actions of
others. Their connection with these actions aflbrds a
principle by which the surrounding scene of things is

divide<l into groups. " Fruit" is derived from the La- Examples

tin word fruor, to enjoy, the participle of which is Jhii- f""" ""
ius or fruclus. It signifies " aliquid fruU-nm," or
sometlung enjoyed.

Latin Un-
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A " debt" is aliquid dehit-um.
" Rent" aliquid rcnJit-wm.
" Tribute" aliquid tribul-uva.

An " act" aliquid act-um.
" Expence" aliquid cxpens-wra.
" Merit" aliquid merit-\im.

" Accent" aliquid acceiit-uia.

" Fate" aliquid /rj<-um.

" Alley" is formed from the French verb alle); to go,

meaning a sort of passage. " View'' is from vu, tlie

past participle of the verb voir, to see, and signifies

something seen. " Destiny," itne chose deslmee. The
derivation of all these words is sufficiently obvious.

Mr Tooke has with great ability traced to a similar

origin many English nouns in which it was not ibrmer-
• ly suspected. " Spot" he derives from the verb spit,

of which he considers it as the past participle. The
noun ' gate," from the verb go, or gne ;

" road," from

the verb ride, signifying a place that has been roile upon.
" Head," according to him, is from heav ed, and means
a part elevated. " Heaven" is from the same verb,

and similar in its original meaning, though different in

its application. A " flood" is something which has

Jlorvcd. " Bread" is grain which, in one step of its

preparation for food, has been brayed. " Weft'' is the

past participle of the verb iveavc. The " haft" of a tool

is the part hav'd. A " hilt" is a part held " Brood,

breed, and brat," are from the Saxon verb bredan, to che-

rish. " Hand'' from hentan, to lay hold of. " Fang"
and " finger," from Jingan, to take. " Truth" comes
from the verb to trtte, and signifies that which a man
tru-cth, or believeth. " Birth" is that which bcar-efh :

" Growth" that which grorv-eth : " Wealth'' that which
weal-elh : " Earth,'' that which a man car-eth or

plougheth.

Some of Mr Tooke's etymologies, tending to the il-

lustration of the same general remark, have been dis-

puted ; but the etymologies substituted on these oc-

casions generally turn out to be of a similar nature, de-
riving the names of substances from verbs of motion.
When a concrete noun is intended to convey the im-

pression of a connection betwixt an object and any vo-
luntary himian act, the etymology is for the most part
intentionally obvious. Thus from the verb command
we have the noun " commandment," for a sentence
employed in commanding. From accompany we have
"accompaniment;'' from judge " judgment,'' or opi-

nion ; from invest " investment." A great number of
nouns of this description derived from Latin verbs, ter-

minate in tion ; as " fraction, sanction, conflagration,

collision." Some terminate in auce or ence ; as " resist-

ance, inheritance, science, prudence." We have others
from the same language with different terminations; as
" lecture," from legere to read. From the English verb
know, we have the noun " knowledge." Sometimes
nouns are formed, by adding to a verb the termination
ing, as " landing" from land, and " fighting" from fight.

Sometimes the use of the word as a noun is not inJica-
tetl by any particular sign, but merely by the scope of
the sentence. The words " love,'' " fight,'' " stand,"
" fold," " tie," " fly," " escape," are used both as
nouns and as verbs.

Nouns of a similar structure, and sometimes the
very same nouns, are used to express the abstract ideas
comprehended in verbs. " Government" expresses ei-

ther the abstract idea of the act of governinj;, or the
concrete ideas of a particular inst.ance in which this act
is exercised, as " the British, the American, and the
Turkish governments.". Even the more general expres-

sion " a government," is concrete, while " government" Unirersal

is abstract. A similar two-fold application may be made Grammur

of the nouns '• reflection," " understanding," " judg- "^T"*
ment," " pleasure," " love," " decision," " repetition."

We may speak of " love" in general as an affection of the

mind ; or, a swain, in speaking of his mistress, may call

her " his love." We may speak of "judgment" and
"reflection" as faculties of mind, or we may call the

sentiments resulting from their employment, " judg-
ments" and "reflections." It was, at one time, com-
mon in our language to employ different forms of the

word on these two occasions. We had, for example,
" excellence" and " dependence" in the abstract ; and
'• excellency" and " dependency" in the concrete.

Many noims, both concrete and abstract, are derived Derivati

from adjectives. Instances of concrete noims of this ^f"" "^j'

origin, we have in the word " white," for the white of
'"''*'

an egg, and in the apj)ellation " black, or negro," for a
man of a black complexion. On the same principle,

ai'ticles of merchandise are called "goods." Regiments
are distinguished by the designations of " the blues,"
" the buffs," or " the greys ;" and showy persons are

denominated " beaux and belles." These words denote
collections of ideas, or qualities, each under a designa-

tion borrowed from one of tlie most conspicuous. Hence
they are described by Mr Tooke as specimens of sub-

audition, one quality being mentioned, and the rest

which form the individual understood.

Many of them approach in their nature and etymo-
logy to nouns wliich are derived from verba by passing

tlirough the medium of the participle, a part of speech
resembling in some respects the adjective, and often

considered by grammarians as in no respect different

from it.

Abstract nouns also, or the nrnnes of single qualities,

are derived from adjectives. This is done in our lan-

guage by the addition of the termination ntss as in
" goodness," " whiteness,'' " brightness," " redness."

Whether or not this termination is originally the same
with the French word nez, signifyit)g nose, and with the

termination " ness," as applied to projecting points of

land ni such proper names as " Inverness" and " Sheer-

ness," we shall not stop to inquire. Whatever is its

derivation, it has the same meaning with the word
" quality.'' Whether it was, at any former period, a
separate word under a different extent of a))plication,

is a (juestion of inferior importance. A termination

reguliirly used as a sign has all the distinctness of a se-

parate word, though written more close to another con-

nected sign, and sometimes involving a greater rapi-

dity of pronunciation.

Abstract nouns derived from adjectives belonging to

other languages are various ; some terminating in lude,

as " gratitude," " magnitude ;'" others in ly, as '• purity,"

" propriety ;" or in ence, as " prudence," " science," and
" patience."

Some abstract nouns are derived from compound ad-

jectives owing their origin to previously existing nouns.
" Loveliness" is derived from the adjective " lovely,"

which comes from the noun •' love." We have, in like

manner, " faith, faithful, faithfulness ;" " boy, boyish,

boyishness," and many other exemplifications.

Sometimes an abstract is derived from a concrete Abstrac:

noun, by means of a termination, as " boyhood" from Jer'ved :

" boy," and ' neighbourhood" from " neighbour." ^""^ ™'^

Nouns originally abstract are often applied as con-

cretes. A female possessed of die qualification of beau- Abstraci

ty, is called " a beauty ;" a jjerson of a strange charac- "^"("'35*;,.

ter, " an otidity ;" and a curious object, " a curiosity." „etes.
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'Ml Mr Tooke endeavoured to prove by the etymology

'' of nouns that abstriiction was not an act of the mind, but
'~'

only an operation in lan<^uage, and that the wliole opera-

tion consisted in subaudition. We have found his account

of the subject applicable to nouns derived from words

ar signifyinfc sinijle qualities and used as designations of

' "f compound objects, while the other qualities are under-
*''*• stoo<l. Hut all these nouns are concrete. \fr Tooke does

not acknowledge any differejice betwixt these and the

nouns which grammarians distinguish by the appellation

abslrad, such as " l>eauty," " elegance," and "prudence."

^\it!lout even remarking that they Iiad ever been consi-

dered lis of a different nature, he includes them in the

list of tiiose which imply the operation of subaudition.

He considers prnviileiitia, " providence," as the neuter

plur;d of the participle providens, and meaning " pro-

vident things," t. e. expressing one quality with the

subaudition of others. This subaudition is indeed more
general than it would have been in the word provideiis,

if such a word had been used for " a provident person."

He probably considere<l it as a mode of contriving a

•wortl capable ofbemg adapted to every example in which

the property denoted is found. But the opinion of this

author is not stated with the explicitness due to its sin-

gularity and its importance. We must confess that it

seems to us totally unfounded.

We have already observed that it is in our power to

make single qualities the principal objects of thought,

antl that no greater ditticulty exists in thinking of them
exclusively than in making the idea re{>resented by a

proper name, at any time, the full and only object of

thought. The etymology here advanced by Mr Tooke
appears in itself fanciful. Nouns in a/ilia and enlia

are the only ones which give it any shadow of counte-

nance. The genius of the Latin language does not in-

cline to the use of other neuter plurals as names for se-

parate qualities. In English, indeed, we say, " the agree-

able," " the picturesque," " the sublime," " the beau-

tiful," instead of " agreeableness," " picturesqueness,"

" sublimity," and " beauty." We also adopt the Latin

expression from Horace, " the ulilc" and " the duke."

But whatever the etymology of the nouns called ab-

stract may be, the manner of their signification is that

which we have already stated.

Sect. V. The choice nf Designations, and the naliire

of the Pronoun.

Ron

!(une
Inra-

When a compound object is designated by a noun
which expresses one of its qualities with a subaudition

of the rest, there is evidently no reiison why the same
quality should always be selected for adesignation. Eve-

ry such object resembles in some one quality a number
of others, and admits of being placed in the same class

with them. In a different quality it resembles a diffe-

rent set of objects. Hence it may receive various ge-

neral designations. The choice which we at any time

make of a designation for it depends on the design

which we have in view in distinguishing it from others.

The same human being may be called " a man,"
"an African," "a slave," "a negro," or "a fool;" or

he may be designated by some occasional temporary
circumstance; he may he called" a debtor,"" a creditor,"

" a patient," " a culprit," or " a witness." In using any
one of these terms, we wish to call into view the very

same individual, with all the parts and qualities essential

to him, but designated l)y one of these as the most appro-
priate to the point of view in whicli the tenor of our dis-

course leads us to represent him. Those who regard his Vnlretu\

proper name as his chief designation will consuler the 5*"""""',

others as occasional substitutes for it. But even that name ~ <
~

may be common to him with some other men. If he
has two names, (which is the ca.se with Europeans,) a
personal and a family name, he will have one of these

in common with several other persons, and the other in

common with u different number ; and it is by the com-
bination of the two that he is distinguished. But this

very combination may happen, in some instances,

to he applicable to another person equally well known
to us. VVe must then add a third mark of distinction,

such as one depending on differences of age, country,

or profession. Any designation becomes completely
ilistinctive or not according to the occasion on which
it is employed. It is probably most accurate not to

consider one as substituted for another, but to consider

each as rendered proper on particular occasions, when
a complete and interesting distinction is thus formed.

These considerations will lead us, by a direct road. The pro-

to a proper estimate of the persoual pronoun, which """" " *
'^

1 I'l*^ .. .. c noun, not amany grammarians nave reckoned a separate part of
,ui,ititu,j

speech, and have defined to be " a word that is used for one,

instead of a noun." Its whole office is to point out

an individual by an occasional mark which distin-

guishes him completely from all others. It is often

shorter than the name of the individual, and this seems
to have led some to conceive that it is contrived for the

purpose of abbreviating discourse. But it does more
than this ; it points out the person referred to in the

most interesting tcmjwrary relation.

The .first personal pronoun /, denotes " the im- Meaning of

mediate speaker" as distinguished from others by this tJ'' f"^^ »"<*

circumstance in preference to any other character that '*"'"" P"*

ad.
sona] pro-

he may bear. The second denotes " the party — „„„„..
, ,.1 1 .11, .

nouns,
dre.=ised as characterised by the present circumstance

of his being addressed. This character is preferred

to any other that he may bear, as distinguishing

him from other persons. The third personal pro- Erroneous
noun has been erroneously defined to be a mere nega- description

tion of the other two. This is not implied in it. When "' '•>« '•>'"'•

CiEsar, describing his own actions in his Commentaries,

uses the third person, sometimesemploying hisownname,
at other times ille, he shews that these designations are

applicable to the person who speaks or writes, as well as

to others, although it is most natural for all men to use

peculiar words for themselves as speakers. Among some
nations it is considered as treating the person ad-

dressed more delicately, and tending less to look him
out of countenance, to call him he than thou. The Ita-

lians say, Come sin, literally, " How does he do," instead

of. Come state, " How do you do ;" and the French, in

like manner, say. Monsieur comment se parte t-il. A rustic

girl in this country meeting a familiar friend, says, with

a kind of mirthful respect, " Where is she going i" for

" Where are you going .>" It is also to be remarked,

that a mere negation of the circumstance of being either

the speaker or the person addressed would never afford

a sufficiently distinctive character, and therefore could

be of no use as a designation. The real office of the lu re«l

third personal pronoun is to designate an individual by office,

the circumstance of " having been lately mentioned," or
" much neai-er to the thoughts both of the spe.-iker

and the hearer than any other who could, on that

occasion, be referrid to by a similar circumstance.''

It is thus sufficiently distinctive at the moment to pre-

vent ambiguity.

To have a closer illustration of the nature of the pro.

nouD, we may observe that some designations are roucli
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more durable than others. The designations " man,"

" king," " Dane," " Indian," "sailor," " soldier," are of

a permanent nature. Some are founded on more h-

niited external relations, and are seldom used with

proijriety except in particular connections, as " father,"

" brother," " friend," " enemy." These generally re-

quire mention to be made of the object to which the in-

dividual bears this particular relation. Others are mere-

ly temporary and occasional, as " plaintiff,'' " de-

fendant," " speaker," " hearer," " buyer," " seller,"

" assistant," " opponent." All these words are used

on particular occasions with as great propriety as the

names, or any other designations of the persons spoken

of. Of this last occasional kind are the words called

personal pronouns. They distinguisji individuals by the

temporary characteristics now enumerated.

What then has led grammarians to assign to these

words a separate place in language under the name of

pronouns, and to describe them as possessing the pecu-

liar character of being the substitutes of nouns ?—The

only circumstances in which they differ from other ap-

pellations are, that they are shorter and more familiar.

Their shortness has probably made them appear unique,^

and their familiar recurrence has made tliem appear of

peculiar importance. The frequency of their use, though

worthy of attention, is a quality attached to words

in various gradations. In this instance we have per-

haps the acme of frequency, because the pronouns are

founded on the very circumstance of the use of lan-

guage. Language always implies a speaker, who to

himself appears important, and a person addressed, who,

in order to be operated on with advantage, has a pro-

minent interest assigned to him in our discourse.

It is probable that pronouns are of very early origin.

Attempts have been made to trace the etymology of die

first and second in some languages to a word signifying

the hand, or some other object near and inseparable. It

is sufficiently natural to suppose that persons who have

words to represent such objects, and tio personal pro-

nouns, might resort to such expedients. But it is equal-

ly supposable that certain sounds might, in the very

fi«st instance, be applied to this use, on the same arbi-

trary principles which must have regulated the pristine

application of the greater part of articulate sounds.

If no pronouns were in use, a speaker would proba-

ably point to his own body in speaking of himself, and

to that of the person addressed in speaking of him. On
this account some philosophers have considered it as

the peculiar nature of the pronouns to be " substitutes

for that pantomimical act." But the act of pointing is

also used in designating other objects that are present-

ed, especially if the speaker and hearer have no lan-

guage in common.
The personal pronouns combine a great degree of

generality in their use with a well-marked particula-

rity in the instances of their application. The word /
may be applied to any person, but only by one speak-

er, viz. that person himself. The quarter from which
the sound proceeds determines its exact application.

In the same manner i/ou may be applied to any one
individual, but only when the words are particularly

addressed to him, and this circumstance gives us on
every occasion an unerring indication of its use. He
may be applied to any tnan, she to any woman, it to

any tiling, and by any individual. But they imply no
reference to the present use of language. They im-
ply some previous mention of the object referred to,

and this must be well understood in order that their

particular application may become intelligible. They

ITniici

Gram

Vague
of the

pronoi

nfius

have exactly the same meaning with the word " fore-

said." Some assistance is given towards the ready
understanding oftheir application by distinctions found-

ed on personality and sex. The pronoun it is distin-

guished from /le and she by the absence of personality

;

he from she by the circumstance of sex.

The term pronoun, as used by grammarians, is on
the whole productive of confusion and ambiguity. It

is extended to some adjectives, which are called prono-
minal adjectives, or adjective pronouns. Such are il/e,

hic, alius in Latin, and this, other, in English. The
word " other" has evidently the same meaning with
" different," although neither the EngUsh word "diffe-

rent" nor the Latin word diveniu is ever included in the
list of pronouns.

Sect. VI. Genders.

In the following Sections of this Chapter we shall

consider some prevailing marks which accompany the
application of the noun, and which adapt it to particu-

lar purposes.

As our own species comprehends the most interest- Distiji

ing subjects of discourse, any common distinctions found of

among them appear worthy of being pointed out. The
situation of the two sexes in society, and their general
habit and appearance, afford the most remarkable dis-

tinction, and the implication of this naturally accom-
panies the mention of individuals. Even when it would
not be sufficiently interesting to be mentioned, provided
a separate word were required for the purpose, it is

sufficiently important to determine some part of the
names by wfiich persons are designated. The Greeks
and Romans effected this by differences of termination.

The English language has current proper names exclu-

sively applicable to a particular sex. Similar differences

are implied in the names given to domestic animals, and
sometimes to animals of other kinds.

But language has not always stopped at this reason-

able point. The active imaginations of those by whom
it has been modified have, from vague analogies, ascri- jured

bed sex to objects destitute of it. In Greek, Latin, ^"^.}

and French, this is done in very numerous instances. '5^!!

In French, the genders of nouns are not easily distin-

guished by their terminations, yet a particular gender
is uniformly attached to each, and regulates the termi-

nation given to every adjective agreeing with the noun.
The details of the genders must therefore be studied by
every person who wishes to speak the language with
sufficient accuracy to preserve him from ridicule. These
circumstances render that language of difficult acquisi-

tion.

In the Hebrew, Italian, Spanish, and French lan-

guages, there is no neuter form, so that every object

must, in the syntax of words, be either masculine or (

feminine.
'

Attempts have been made to account for this preva- Spec*-

lent arrangement, which appears in itself so absurd, tions i

But no explanation has been given that is sufficiently '''"' '

steady in its application to afford material assistance in '''"l

'

facilitating the acquisition of any language. Names of
objects which are masculine in one language are femi-

nine in a second, and neuter in a third. Names of obw
,

jects of the same kind, and even nouns that are synony-
mous, difler in their gender in the same language. Those
who take plc:..>ure i:i tracing these whimsical proceed-

ings in the formation of language, will find some ingeni-

ous rem.irks on the subject in Harris's Hermes, and
Tooke's Diversions of Purley.

Some
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The English, the Persian, «nd the Bengalese langua-

ges :ire free from the embarrassments of arbitrary gt-n-

ilers. In English, indeed, a few objects destitute of sex

have a phraseology applied to them borrowed from

sexual distinctions. But this is on rare occasions ; and,

85 no marks ofgender are attached to our adjectives, the

inconvenience now stated does not occur. The whole

difference in the adaptation of other words consists in

the use of the personal pronoinis he and she. This ap-

plication of words denoting sex only partakes of the

nature of poetical personification. It does not consist in

such an adherence to gender as affords a basis for

granim!itical rules. The sun is called he on the same
principle on which we might compare that luminarj' to

a king, for the splendour which surrounds him ; to

the ciierishing father of a family ; or to a presiding

mind, by which extensive systems are regulatevl. The
oioon i* called she, on the same principle on which it

might be comjxired to an eminent female who docs not

overawe by an oppressive effulgence, but diffuses a mild

radiance, productive of a gentle pleasure.

Sect. VII. Number.

That accident of nouns which we call number is a

sign for representing the exemplification of a general

idea in more than one individual. It does not apply to

proper names. A proper name is in its nature descrip-

tive of only one object, and therefore essentially singu-

lar. As soon as it becomes susceptible of plurality, as

when we speak of tlve twelve Caesars, or the seven

Jameses, it ceases to be a proper name. Spain is the

proper name of a country, and Spaniard has by some
grammarians been called the proper name of a people

;

but the latter is a generic word characterizing any one
of a great number of persons by their connection with

Spain. When a name is applicable to two individuals,

these are to be considered as constituting a limited ge-

nus. This circumstance may not depend on any in-

herent character, but may be an accident occurring

in the transference of proper names. The name is ori-

ginally intended, in both instances of its application, to

be completely adequate to distinguish an individual

fi'om all those with whom he might have been confound-

ed. But, when the two individuals chance to meet in

the same place, or to be mentioned near to one another

in discourse, they must be distinguished. If the name
of both is Scipio, they are to be considered as a genus
coinciding in this trivial circumstance of their history,

that they have received the same name.
Some nouns which are general in their acceptation

do not admit of a plural, because the objects which they
signify are not permanently portioned into individuals.

This is the case witii nouns which express such plastic

materials as are capable of being easily arranged in

pieces of any form or size. We have examples of it

in the names of the different metals, as " gold," " silver,"

" iron," and " brass," words which are never used in the

plural. The i)lural word " irons" is not applied to

nieces of the metal, but to instruments formed of it.

The noun " stone" is also the name ofa material ofwhich
variously shaped objects may be formed ; yet it has a
plural in frequent use, because nature divides it into

masses whicli are not easily reunited so as to become
homogeneous. These objects have therefore more of
the character of permanent individuals. Such words as
" gold,'''" silver," " clay," " dough," may be said to have
neither singular nor plural, and to be entirely indepen-
dent of numl^r. We cannot prefix to them the word a.

which is the »ign of the singular, with any greater pro. (/oivertU

priety tlian we can invest them with the plural form. Or»inin«r.

In most languages, nouns receive nlterations in their ^"'V"^
spelling for the expression of plurality. These some- Ktymolo-

times consist in the addition of a letter or a syllable, 8'«« ol iIm

sometimes in the substitution of one for another. Such P'"'*' """o-

altcrations, however, are not absolutely necessary. Num-
ber might be pointed out by separate words, or might
be inferred from the connection. Many English words
have no distinction betwixt their use in the singidar
and in the plural, such as " sheep," *• grouse," and
" deer.'' Some Latin words are the same in singular
as in the plural in one or more of their cases. Fruclut
signifies " fruit" or " fruits." Ret," thing" or " things."

It is not easy to discover by what circumstances a
community, during the formation of its language, ha«
been influenced in choosing its mode of expressing plu-
rality. Some grarnmarians ha^'e thought that much
satisfaction would be obtained if we could always trace

the plural termination to some separate word signifying

a Cdlieclion. 'I'lie addition of a term of this sort is the

rao<le of expressing plurality in the Bengalese language. In Bengt-

Projau signifies a peasant, lok people : and prnjaa-tok '««

signifies pea.sants. The authors of Rees's Cyclopaedia Hypoihtti-

derive the plural sign in Greek, Latin, and the '^ origin

modern languages of Europe, from a word in the He-
"f, ^^'

brew language pnn, which signifies multitude. They \,^^,„ ^^
suppose that this word was at first subjoined to the its dialccu.

singular word, and that afterwards, for the sake of
brevity, the Hebrews designated plurality by retaining

only one of the letters, m ; the Chaldeans, Syrians, and
others, by retaining the n. Thus the plural was in

Hebrew -im, in Chaldean -in, in Arabic -non, and in Per-
sian -non. This theory further su])poses the letters n and
.1 to have had the same origin. The Chaldean -in, there-

fore, is supposed to have become -c> in the formation of In Greek,

many Greek and Latin plurals. From the same source '-stin, sunt

they even wish to derive the s which forms the plural "'""^ '"""

terminations in English and French ; while the Italian

langimge is considered as following in all nouns the ana-
logy of the second declension of the Latin by adopting
the terminating vowel i. The same authors might liave

added, that this t of the Latin and Italian is the vowel
letter of the Hebrew plural im, (C). This vowel does
not, indeed, happen to belong to the independent word
port, which they consider as giving origin to the plurJil

sign ; but we find it used in Hebrew not only along
with the letter m for a familiar sign ofplurality, but also

by itself ('. ) And it was sufficiently natural that a
language derived from the Hebrew should adopt this

plural sign.

This whole style ofetymology, however, -s question- Estimste

able. It has indeed the authority of Home Tooke's of»udihjr«

approbation. One great principle of that author was, poihofes.

that terminations were origina'ly separate words ; and
another principle was, that the alterations which take

place in the progress of language have an abbreviating

tendency. But terminations ought to be considered as

equally independent signs in this form as if they were
separate words ; and when any idea is of perpetual oc-

currence in language, as that of plurality is, it is na-

tural to expect that the sign used for expressing it

should be originally brief. Signs, however, are often

changed. With some people, the mere circumstance of

l)eing long familiar renders both words and tenniiia-

tions of words apparently stale, and they apply them-

selves to the contrivance of others in their stead. These
others are generally derived from soimds previously

used for ideas somewhat akin.

dern Inn-
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The English plural termination may, we think, be

traced with greater probability, as well as greater beau-

ty, to a later origin than that now mentioned. Our
terminating s seems to have arisen from a syllable

which was once applied to signify a more extensive mo-
dification of the uses of the noun, and was gradually va-

ried, in the improvement of our language, for the pur-

poses of more precise distinction. It was anciently the

syllable is. " Towns," the plural of town, was toun-is.

The same syllable was also used for what we call a ge-

nitive. " ¥a.\hcT^s" yiSiS Jaihei -is, or fader-is. It is only

among those who are inordinately attached to the pre-

sent habitudes of our language that the termination is,

in these two applications, will be considered as neces-

sarily of different origin. The sign for the genitive

and that for the plural are only different exemplifica-

tions of one sign which in its meaning includes both.

It was simply a term of relation synonymous with the

'English preposition " of," i. e. " with respect to."

" Bees," for example, signifies relating to the bee ;

" bees wax," wax connected with the bee ; " two bees,"

a repetition or doubling witli respect to the bee. " Scot,"

is a designation for a native of a particular country.
" Scotis," or " Scots," means relating to such a native.

Two individuals are " two Scots ;" a " Scotswoman," a

woman relating to Scot ; and, in the same manner, the

word might be used in such phrases as, " the Scots

court,'' " Scots customs," " a Scots dress." Tlie mean-
ing of the letter s in these different instances is not dif-

ferent : it is only general ; and, therefore, susceptible

of different specific applications. Any particularity in

the application intended was, in the first instance, left to

be inferred from the connection ; and, afterwards, some
slight differences in its orthography, pronunciation, or

both, were adopted, and appropriated to the different ap-

plications. We have " Scot's" for the genitive ;
'•' Scot-

tish," or " Scotch," for the descriptive adjective ; while
" Scots," if used at all, is restricted to tlie plural.

This derivation of the English plural from a more
general modification of the noun will acquire confirma-

tion when we reflect that, in spite of the strictness of
formal grammatical rules respecting the plural number,
we often use the same form of the noun which denotes
plurality, on different other occasions. We speak, for

example, of introducing a knife "lengthways," though
the way is only one. " Edgeways" is used in the
same manner. The word " otlierways," now changed
to " otherwise," is a similar example. " Sides fore-

Univ(

Gram
question now alluded to, it would have been considered
as exclusively singular. But it was necessary to use
one of these forms of the noun, in order to represent
the genus independently of number. I'o prohibit the
employment of any form of the noun in a manner thus
general, would imply an extreme obstinacy of artificial

regulation in no degree conducive to accuracy. Ihe
want of a separnte i'orm for this general application of
the noun, independently of number, sometimes gives
rise to the following awkward circumlocutions in pro-
clamations and legal writings: " It' a.n\ pcnoii or per-
scns shall tran^^gress in tiie manner underwritten, he or
they shall be subjected to the following punishments."

Another Englisii plural is formed by means of the pi,,,^
termination e/i as in oxen. Such plurals were much in tn.

more common at a remote period of the English lan-

guage. JJousen, for example, was used for " houses."
They abound in the modern German, which owes
them to the same source. This syllable, like the one
already mentioned, was originally of a more general
application, signifying " of or relating to." The ap-
plication of it which is most abundantly retained in
English is for the descriptive adjective, as " wooden,
eartlicw, gokk'H," words the same in meaning with the
phrases " o/' wood, o/'earth, o/gold." The old English
language was little varied in its modifications. The syl-

lables is and en both expressed tlie general circum-
stance of I'elation betwixt the iden expressed by any
noun to which they were attached and some other.

They were applied indiscriminately to relations of
every kind, and tlie occasions of discourse were trust-

ee! to for the suggestion of particular ideas. A desire

of improving tlie language amidst the multiplicity of
relative ideas which arose from intellectual improvement,
led our -ncestors to appropriate one termination to
one subdivision of that general meaning, as well as to
produce a still greater particularity, by varj'ing the
modes of writing the termination. The English thus
made a nearer ajiproach to the copious and refined lan-

guages of classical anti(juity. The final s and the ter-

mination en came to signify important distinctions,

en being used to form the descriptive adjective, and s

for expressing various relations, including that of plu-
rality. Wood?;* is the adjective : wood* is the plural.

The word ox is an instance in which the en is retained

as the plural sign, and the is (in axis written ox's) is the
genitive. We say a " drove of oxe?i" for the plural

:

" an ox's gall" for the genitive. Here we have a specimen
most" is a common provincial phrase in some parts of of the simple but effectual expedients to which mankind
England. We speak of going " up stairs" or '' down
stairs" where there is only one stair, meaning up or
down with respect to stair. Some of the English even
speak of going " up streets" and " down streets." A
boy in tossing a halfpenny calls " heads or tails,"

though it has only one head and one tail. If to the
question, " Have you any pens.'" a person should re-

ply, "yes I have one;" the answer would be con-
demned by some as ungrammatical, because one pen is

not plural, and a person who has only one cannot be said
to have " pens." Vet we have a constant tendency to this

modeof speakuig. Common sense,adheringtothepower-
ful analogies oi' language, bears down the authority offor-
malizing systems, even in cases in which slie does not pos-

so readily recur

tlieir thoughts.

in order to express the Viuueties of

Sect. VIII. Cases.

C/ists are changes of form to which nouns are sub- Gene-

jected for the purpose of denoting annexation. Some count

of them are more general than others. The marks of «•**«*

annexation are external to the name of the object, and
might therefore be expressed by separate words. But
they are often attached to the name in the form of ter-

minations. Ihis circumstance, though not affecting

tlieir meaning, occasions a particularity of aspect in

certain languages in a written state, by abridging the
sess sufficient dialectic knowledge to vindicate her pro- number of words, and also a particularity of sound
ceedings. The word " pens" in this instance is merely when a language is spoken, because a termination is
general. It is independent of all ideas ofnumber. It is

no more restricted to plurality, so as to exclude the
singular, than it is restricted to two, four, or any par-
ticular number. Had the word " pen" been used in the

1

placed after the name of the object, but a preposition

before it. The ciises often express circumstances so

general and so evanescent, that no separate word to re-

present tliem has ever been used. On this account, it

k.
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is convenient, even in a philosoj>hical treatise, to con-

sider them in conjunction with the noun.
The Nont'ttfitivr has been represented by some as

implying nothing more than the name of the idea ex-

pressed by any noun, and therefore the ieast complex of

the cases. But it always has a reference to a verb, and
tins verb for the most part follows it in the same sen-

tence. It often happens that, comp.-ired to the other ci-

ses, it is short, and that the others are distinj^uished by
the addition of one or more syllables. Of tliis we have
instances in tlie Latin nouns v,r and xertno. But it more
frequently happens that the nominative has a peculiar

termination, and that in the formation of the otiier cases

tliis is left out, and its place supplied by different termi-

nations affixed to the radical letters. The radical letters

of dowinus are ilomin-, and the -us is as much a sepa-

rate sign as the -/, -o, imi, -e, -onim, -os, and -is, which
form tlie other cases. D minus is therefore something
more than the name of an object. It would be con-

trary to the analogy of lanifuage, and of all the opera-

tions of the human mind, even the least correct, to

suppose that the syllable -;/* has no original meaning.
We may pronounce it a superfluity, if the definite ap-

plication of the noun which it expres.ses can be under-
stood without it. Yet we have no right, on this ac-

count, to pronounce it destitute of mt-aniiig. It is in

fact a sign of connection with anotlier word of definite

character and use, the verb.

We have farther to observe, that the nominative
gives the noun a higher rank in a sentence than the

other cases. It differs from them in a manner nearly
re.-ienibling that in which the noun differs from the

other parts of speech. It expresses the central or focal

idea, to the description of which the other words in a
sentence, including the other parts of speech and nouns
in the otiier cases, are subordinate.

The sentences which may appear exceptions to this

doctrine are very numerous. This is occasionetl by
the general pursuit of that v.triety which gives ele-

gance to language, and by the presence of otiier cir-

cumstances which preserve the importance due to the

leading subject of discourse. By some writers the hero
of a biographic?] narrative is mentioned in the nomi-
native case more uniformly than by others; but by none
is such a rule invariably followed. Suetonius probably
follows it as often as any writer, and thus gives his

biographical tlelineations a more concentrated force.

Yet this author, in relating the death oi' Julius Cassar,

introduces the per.sons by whom he was killed in the

nominative case in preference to Ctesar himself, thus
making them apparently the most important subjects for

a time. Assidentem conspirati specie nffcii circum^le-

ierunt : illicqne Cimbf.r Tollids, qui p' imas paries siis-

ceprrni, qun.si uliijuiii rogaluriis, p^' pius accrssti : remun-
tique it g'Slu in iiliiid lem ux di/ferr»li ab utroque kumtro
togam apprehftt' it, ileinde clamniitem, " hta quidein vit

tit " ALiKH Cassi' 8 adverxiim luinernl jxtiiluni infra

juzHlnm. ' The conspirators, under pretence o shewing
' Caesar respect, stood up around him as he sat. Then
' Cimber Tullius, who had undertaken to commence the
* deed, approached nearer to him, with the apparent de-
' sign of milking some request. As soon as he observed
' thatCaesar,by a wave of his hand, declined conversation,
'and put him off till a future time, helai.l hold of him by
' the t«ga on both shoulders an actwhich madeCa?sar ex-
' claim, " This is <iownright force." At that instant one
' of t!>e Ca.ssii woundsCiesar in the neck.' In tht relation
of these circiimstancesOsarmightbave been mentioned
in the nominative case, thus: 'Caesar was surrumided by
TOL. X. PART n.

• the conspirators affecting to pay him respect, was •]>• Uoir«Mt
' proached by theirchicfCimber Tullius, who ijrctende<l to Unmrnte.

' make some request, and, on waving iiis advances, was ^^ ""

' seized by the toga on both shoulders; but us he exclaim-
' ed,"Thi8 is downright force,"lie received a direct thrust
' of a mortal weapon from the hand of one of the Cassii.'

This mode of writing would keep the mind of the read-
er more constantly fixed on the person who is the chief
subject of the narrative as n whole; but it would oftes
render language insupportably monotonous. The au-
thor, therefore, relieves the attention of his readers, by
asi-igning in some of his details a subordinate place ti»

the principal personage. His im|>ortimce is always
maintained by the ultimate tendency of the narra-
tive, as well as by the advantage ofbeing more frequent-
ly than any other subject mentioned in the nominative
After the historian hu.s, in the manner now described,
varied the current of his language, he is enabled, witli

gracefulness as well as force, to intrcxJuce the chief
subject in that motle of diction in which he will hold,

by means of the nominative case, the most dignified

rank in the sentence. After tliese details of the con-
duct of the conspirators, Suetonius thus proceeds ;

Cesar Cmxii brachinm arrrplum graphio traj'cit:

covalusque prosilire alio viilnere tardaius est. Utque
atiinuidvertit uiidique se slriclis pitgio/iiouf pcli logn ca-

put 'j/ivolvit : simul sinistra manit sinum ad una crura
dediijc I, quo honrx'ius end' ret. AlijUe it: tribus cl Vigin-

t? plogix c«i/ox.\usest ; unii modo ad primum ictuntfiennu/,

sine vi'ce edilo. ' Csesar seized tlie arm of Cassius, pier-
' ced it with his writing style, then endeavoured to rush
' forwanl, but was prevented by another wound. Find-
' ing himself a.ssailcd in every direction with drawn
'swords, he covered his head with his toga, and in or-
' der that he might fall with the greater decency, drew
'the lap of it with his left hand over his limbs. Thu»
'he fell, stabbed with twenty-three wounrls. He emit*
' ted a single groan when he received the first ; but met
'his fate without uttering a word.' The peculiar pro-
priety and force of these latter sentences, and a slight

character of inv rsion of which we are sensible in read-
ing those which precede them, are proofs of the sui>erior

rank of the nominative case.

The Vocative case, or that which is used in naming The Von-
the person addressed, comes next in order, not merely utc

from its frequent coincidence in form with the nomina-
tive, but from its being probably of earlier origin in

tlie proper names of persons than any other form
cf the noun. It is peculiar to nouns which designate ''' *"'?

persons, because it applies only to beings capable of
*"*

hearing what is said. In these, however, it seems to be
prior in the order of nature to the nominative. The
Latin vocative, wherever it differs from the nomi-
native, inclines to greater brevity. Vtigitius was ad-

dressed yirgili, Miiiwiux, Minnii, Duminus, Domine,
and Films, Fili. In this characteristic the vocative case

of the noun resembles the imperative of tlie verb. Be-
ing the earliest use of the word, it is its shortest form.

When we enter on the consideration of the Genitive,

Accusative, and Dative cases, especially the two last, it

is found difficult to assign to eac:h an invariable mean-
ing, however general. In particular phrases their uses ^
are steady ; but no principle strictly universal seems to

regulate their application. The most comprehenaive that

we can adopt is found liable to exceptions. The niost

likely way to discover their original n.e.ining is to ob-

serve the prevailing application of each, and also to en-

quire if thtre is any circumstance cf application, liow-

ever limited, wliich is peculiar to one. it is thus also

3f
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that we shall be most likely to trace thespecies of idiom
which has given origin to such exceptions as occur. Some
have proceeded in a contrarj' direction. They have first

attached to the particular case a plausible general mean-
ing, and then exerted their ingenuity to show that this

meaning would be found applicable to instances which
at first appeared most distant from it. But these modes
of explanation might easily be applied to account for

any possible substitution of one case for another, and
therefore are erroneously considered as illustrations of a

principle, while they are exceptions to a rule.

It has been common to consider the different cases as

intended to express different sorts of ideas, or different
uque

ygi^tJQ^g exi.sting betwixt the objects named. On ma-
ture reflection, we find it more conformable to the gene-
ral aspect of the facts, toconsider them as referring rather

to the different parts of speech with which the noun is

connected, and the different degrees of importance which
are assigned to the idea in the present use of language.

These circumstances may sometimesariseout of perma-
nent relations ; but this does not uniformly take place,

and therefore the cases do not depend on them. This
opinion derives presumptive evidence from the illus-

trations already given of the nominative and tlie voca-
tive.

Our attention will be chiefly directed to cases as ex-
emplified in the Latin and English languages. The
Greek cases follow different rules, a comparison of
which with those of the Latin language might suggest
some interesting conjectures respecting their original

uses ; but they would lead us into details too exten-
.«ive for the limits of this article. The Latin language,
when it borrowed its cases from the Greek, deviated
from the parent language in the extent which it assign-
ed to each. A different conception seems to have
been attached to the use of them. This appears in a
particular manner from the addition which they have
given of an ablative case, which does not depend on a
subdivision of one of the others, but is in some of its

uses substituted for the genitive, in others for the da-
tive of the Greeks.
The variations and exceptions to general rules which

are so often practised in the use of the cases dimi-
nish their importance in the doctrines of universal
grammar. Such distinctions as they imply might have
been :n most instances dispensed with. The discus-
sion of them partakes more of the character of an in-
quiry into the conjectural history of particular dia-
lects than of an investigation of the radical princi-
ples of language ; and the length to which that discus-
.sion sometimes extends is due rather to the difficulty
than to the importance of the subject.

The Genitive case, though sometimes governed by a
verb, as by the verbs potiri,fungi, meminisse, and angi,
sometimes by an adjective, such as similis, appears to
have been originally applied in the Latin language to
signify a relation betwixt the idea expressed by a noun
and that contained in some other noun in the same sen-
tence. The English preposition o/" corresponds so ex-
actly to it, that any observations made on the one are
equally applicable to the other. Attempts have been
made, both by means of etymological derivations and
explanations of existing phrases, to represent the wortl
of as signifying some specific relation, as, for exanj-
ple, possession or origin. These attempts, however,
have failed. We find it expressing every sort of rela-
tion that can exist betwixt the ideas contained in two
nouns. This circumstance implies no ambiguity. It
arises from the mere generality of the sign. When it

not expreg.

bive of spe.

cific rela-

tiODS.

1

is too general for expressing our meaning, we add some CniireH

more specific ideas. In the article Grammar of the Gramitii

Eiicijdopccdia Brilannica, it is justly observed that in- '"'V'
jiiria regis may mean either "an injury inflicted by the
king," or " an injury received by the king." The speci-

fic idea intended to be conveyed, must eitlier be infer-

red from the connection, or pointed out by some ad-
ditional sign.

The genitive case though thus general, and supposed ^0,, aisi

by some to have in the Greek language derived from guished i

this circumstance its technical name xtwo-ij yiviKJt, ought its use iv

not perhaps to be considered as more general than the '''"^ "*"

others. It is distinguished from them by the circum-
''^^

stance of being employed to show that the word put
in this case is subordinate to a noun. Nothing more
than a general relation betwixt the two ideas is expres-

sed ; but the connection thus established has someUiing jj
• j-

particular in its adaptation to the purposes of discourse, the suboi

The ideas thus connected could not exchange places, nor dination

are they of equal importance in the sentence, as they ?' "" "*<=

wouldbeif conjoined by means ofthe word "and." "The '""i"*"

man of virtue" and " the virtue of the man" do not
mean the same thing. The ideas expressed by the words
man and virtue are indeed connected in both of these
phrases ; but when we say " a man of virtue," it is inti-

mated that something further is said of " the man."
When we say " the virtue of the man," it is intimated

that the subject on which we enlarge is " the virtue.''

Both of these are different from a connection formed
betwixt two nouns by the word " and ;" which inti-

mates that they are on equal terms in tlie assertions

which are made.
Such instances as we mentioned of the genitive be- r.xccpti

ing put after verbs and adjectives are so rare that they and ano

may be considered as exceptions in which a stretch is ^'^^

made to give these governing words the power of nouns
in tlie use of language. Every word resembles a noun
in containing the name of an object or idea. It is only

in relative importance in the syntax of sentences that

nouns differ from other parts of speech.

Exceptions of a different kind are also found. Nouns
are in some instances annexed to other nouns by marks
different from those which form the genitive ; e. g.

homo a sccretis, a Latin phrase for a " secretary ;'' and in

English we have the phrases " father-ix-law,'' " cou-

shi BY the mother's side." This last phrase is seldom
employed without the use of the verb is preceding it,

which gives a difl^erent turn to the whole phraseology,

and has the power of introducing a greater variety of

words than can be annexed solely to the noun. Such
exceptions as we have now mentioned are equally

rare with the former ; a circumstance which shews

the nature of the genitive case to be almost pecu-

liar.

In the Hebrew language, the placing of one noun Geniti\ in

after another is often the only sign of the genitive. '''^ '*'•"

Je/H signifies wine, Helton is the proper name of a ^"S"'''

mountain, and Jein Helbon is the expression for " wine
of Helbon.'* Sometimes it is expressed in a manner
which must appear remarkable to those who are not

acquainted with any analogous language. The change
indicating this mode of annexation is made on the go-

verning noun, which is then technically said to be in its

constructed stale, while the noun in the genitive case un-

dergoes no change. Dabar signifies word, and Elohim '

God ; but there is no separate word for of, nor is any
change made on Elohim, to make it equivalent to " of
Gotl." Dabar is put in its constructed state by being

;

changed into debar, which signifies word of. Debar
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Elohim is " word of God." In like manner, gedolim sig-

nifies " great men," liugkir " the city." Great men of the

city is not gedolim hagiiir, but gedolci /lagliir.

In English, as has been already observed, the genitive

case is sometimes expressed by the termination s with

an apostropiie, as in the first line of Paradise Lost, " Of
man's first disobedience, and the fruit." It is thought

by some grammarians an improvement in nomenclature

to call this form of the noun an adjective of possession

derived from the noun. This distinction makes no dif-

fereJve of doctrine. That mode of describing it seems to

havebeen inconsciously suggested by the circumstance of

its being, like the adjective in English, placed before the

noun to which it is subordinate. But nothing more than

the meaning of any genitive is signifietl by tlie adjective

noun itself, as will appear when we come to treat of it.

The English * has, with regard to its etymology, been

considered by some as an abbreviation for his. But this

(or the equivalent syllable is) is evidently an original

sign in our language, at least independent of such words

as /lis; and the latter is evidently derived from the pro-

noun he by having tins sign attached to it.

Tlie genitive case is sometimes expressed in English,

as it is in Hebrew, by the mere juxtaposition of the

nouns, with this difference, tliat the governed is placed

l>efore the governing noun; as in " cart wheel," " corn

field," " garden wall." Some of these phrases are ofmore
frequent recurrence than others. Sometimes the two
words thus conjoined have, both in spelling and pro-

nunciation, been run together into one, as in " time-

piece,'' " statesman,'' "footman."' Others ofthem are fre-

quently connectetl in writing by a hyphen, to denote that

they are scarcely to be considered as one word, yet not

sonmch separated as two words generally are. In other

instances, they are kept as distinct in a sentence as any
otiier words. The meaning is not affected by this va-

riety, and is so clearly expressed by simple juxtaposi-

tion in tliis oi'der as never to admit of ambiguity. Here
we have one fact by the consideration of which any
inordinate predilection for the individuality of words
may be reduced within just bounds.

The chief ultimate purpose for which the genitive

case is employed is, to add a particular circumstance

for completin^J the description of an individual, or of a

species of objects, already cliaracterised by a term which
is in itself too general for the purpose. " Man" is a

general word. " A man of genius," " a country man,"
are instances in which the genitive is used to point out

a relationsliip for designating a limited species contain-

ed in the geims " Man." This may be done when an
individual, or a species, is introduced as the subject of

discourse ; as, for example, " A man of genius differs

from other persons in his feelings and habits ;" or it

may be introduced into the predicate of a sentence, and
form a part of some new assertion, as, " Bacon was a
man of genius."

The other cases are distinguished from the genitive,

by denoting an annexation to some part of speech dif-

ferent from the noun.
Tlie Accusalive and Dative have by some been con-

sidered as very nearly alike. By otliers some dif-

ferences have been stated betwixt them depending on
differences in the objects, motions, or relations repre-
sented by the governing word. Attempts of this last

sort have proceeded on principles which served to ex-
plain a limited set of phrases, while tijey were totally

in.ndequate to explain others.

The most obvious circumstance which distinguishes
the Accusulivc case in Latin from the genitive is, that it

is governed not by nouns, but by active verbt and
certain prepositions. It is by attending to the different

occasions on which it is employed, and tracing the pro-
perties which unifonnly adhere to it, that we shall \n»V.e

the most convenient approaches to an explanation ol' its

use.

Sometimes it represents an object to which some ac-
tion or motion passes, or in which it terminates, as
Hcec stiidia adoksccntiam nluni, seneclulem Me.liint. This
character, however, has been ascribed to the accusative
in phrases in which it will not apply. When the verb
" to love" governs the noun signifying the object ol'

that affection in the accusative, it expresses no transi-

tion of an act. The person who is loved may be igno-
rant of this passion, and totally unaffected by it. When
we speak of " loving all m.inkind,'' we do not speak of
any action which terminates in tliat extensive range of
objects. This remark applies to all transitive verbs
expressing emotions of mind that have a reference to
external objects, as " to hate," " to tlread," " to re-

spect," " to esteem." These affections m.iy be pro-
ductive of acts by which the objects of them are af-

fected ; but such acts are not implied in the affections

themselves. They are excited by the objects na-
med in the accusative, but they terminate in the in-

dividual mentioned in the nominative. To represent
them as terminating in the beings called their objects,

is a mere fiction : it applies only to the range of ideas

of the individual mentioned, not to the actual relative

energies oi the different objects. Some other verbs

governing the accusative are expressive of quiescent

qualities, which do not affect any object different from
that to which they belong. Yet these qualities imply
a reference to other objects, and the mention of this

reference is absolutely necessary. These other ob-
jects are put in tlie accusative case. Such are the verbs
" resemble" in English, and timilare, or simulare, and
ref'eire, when used in tiiat sense in Latin. Here, as no
transition of any act or motion from one object to ano-
ther takes place, the accusative cannot be consideretl in

any respect as expressing such a transition. It will give
but little .satisfaction to say in reply, that, though no-
thing of this kind exists, yet it is figured in the speak-
er's mind, and that even in such a proposition as this,

" a benevolent man loves the whole human race," we
imagine a benignant emanation proceeding from the
benevolent man to influence the whole species. This
is an evasion of the argument. It is in like man-
ner an evasion, rather than an explanation, to say
that a person who asserts that one man " resem-
bles" another, seems to consider such a man as in-

fluencing the state and relations of the other. This
is an unconscious acknowledgment that the conceptions

of the speaker, or the transitions of his tlioughts, and
the transitions which he studies to produce in those of

the hearer, are the foundation of the use of the accusa-

tive case. This is the view which we consider as

on all occasions the true one. Such mental transi-

tions have a certain degree of rapidity which corre-

sponds more closely with the idea of an action termina-

ting in an object named, than with the greater part

of our associated ideas. On this account the regimen
of the accusative case is more frequently applied to

signify these than any otlier trains of tliought.

When the accusative is governed by prepositions,

these prepositions prepare us for a transition equally

rapid with that of the active transitive verb. In order

to shew that this regimen does not depend on the idea

I'.vi-reisedhy the governing word, we shall take thisop-
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portunity of stating a circumstance wliich might other-

wise appear an anticipation of our observations on the

verb : to wit, that some verbs which are completely sy-

nonymous in the ideas which they express, are totally dif-

ferent in the transitions of ideas whicii they are intend-

ed to create in the min-l of the hearer. Tlie verbs " to

speak," and " to say/ signify precisely tlie same act.

Their difference consists in this, that the verb "to speak"

does not intimate an intention to state wliat was spoken,

but the verb " say" always does. When we say " Cicero

spoke," we may probably rest satisfied with mention-

ing the act in connection with the agent. Our hearer

may, if prompted by curiosity, ask what Cicero said

when he spoke .' But, if we use the phrase " Cicero

said," we pledge ourselves to give some account of

what he said, or to subjoin the accusative of some

noun, such as the word " nothing." Ifwe do not pro-

ceed further than the words " Cicero said," the person

who hears us asks the question now mentioned in a

different tone : he reminds us that we have stopped

short in our discourse, and have not fulfilled the pro-

mise implied in the use of the verb " to say."

The Dative case might easily receive a plausible

explanation in a large proportion of the phrases in

which it is employed. But a difficulty has arisen,

in consequence of the approximation which some of

its uses seem to make to that of the accusative. Some
verbs which govern the accusative are synonymous
with others wliich govern the dative. An example of

this exists in the verbs Icedere and nocerc. Antonius

iiocuil Ciceroni is equivalent to Antonius Itesit Cicero-

riem. But though these phrases are synoiymous, it is

possible that the words of which they respectively con-

sist are not equivalent. It is possible that in one of

the phrases a greater share of the meaning may be con-

tained in the verb, and less of it in the governed noun.

This is rendered probable from one circumstance, that

there are no verbs which admit of either case indis-

criminately, so as to form with them two synonymous
phrases.

We ought first to attend to those phrases in which
a verb governs one noun in the accusative, and another

in the dative. This may be a verb ofgiving, as in De-
dit mi/ii dexlram, or a verb of declaring, as in Narrasja-
bulam surdo. One difference seems here to take place,

that there is a more ready and rapid transition to the

idea expressed in the accusative, than to that expressed

in the dative ; and the idea which is expressed in the

accusative is more necessary to the completion of a sig-

nificant phrase than the other. Dedit dextram and nar-

ras fahulam, though both evidently incomplete sen-

tences, are not quite so deficient as dedit mi/ii, or nar-

ras surdo. The verb is so contrived in the arbitrary

application of words, as to lead the hearer to expect

with greater rapidity and impatience the idea which is

subjoined in the accusative, than that which is in the

dative. When the dative is placed first in order, as in

the phrase dedit mild dextram, we are sensible of a de-
gree of inversion, or a short suspension of the governed
word most nearly connected with the verb. This mode
of speech is contrived for the sake of variety and ele-

gance, or for the convenience of dwelling on the idea
expressed in the accusative, by attaching to the noun
some additional parts of speechj as, Narras mihifabtdas
gigantum incredibiles.

In the use of verbs of giving and declaring, a differ-

ence in the actual relations of the object mentioned in
the accusative and that in the dative case is evident ;

but in verbs of comparing no difference of this sort is

necessarily implied. The sentences, Co^mparo Virgilium
Hoinero, and Comparo Ilomerum Virgilio, may be used
for conveying the same meaning in exactly the same
manner as to thought. The interest taken in one of the
objects compared may not be greater than that taken in

the other, and the transition made to the two may be
equal in its degree of rapidity and deliberateness. " At
the same time, if there is any such difference of interest,

it seems natural to put that object to the description of
which the comparison is principally subordinate in the
accusative, and the other in the dative.

These facts may furnish some illustrationof those phra-
ses in which a verb governs the dative case alone, for

example, the verbs nocerc, favere, placere, and resistert.

The English verbs into which these are translated are
equally transitive, and govern the same form of the
noun, with those which correspond to Latin verbs
governing the accusative. But in the Latin lan-

guage it is probable that they are not so completely
transitive, and resemble in their genius those English
verbs to which nouns are subjoined through the me-
dium of the preposition to, as the verbs " yield,"
and " submit." Thus the translation of obedire by
the verb " submit'' would be more accurate than by
" obey" in so far as regimen is concerned, although
the former of these English verbs, as applied to the
expression of ideas, may be less nearly co-exten-
sive with the Latin word. It is conceivable, that

a verb which is originally not used transitively, may
be more easily made to govern the dative than the
accusative, whether it is employed in its simple state,

or in composition. The verb resistere, for example,
is derived from sisterc, which signifies to stop or re-

nrain fixed, and does not prepare the hearer to ex-

pect the mention ofany other object affected. This state,

however, admits of being also mentioned as an impedi-
ment to the progress ofanother. The name of this other

may be subjoined with a slight degree of ceremony ;

and a semi-transitive verb may be formed signifying

that fixed state, together with an intention of mention-
ing the object impeded. The machinery of preposi-

tions or other intervening words, for the introduction

ofthe latter object, are dispensed with ; yet the verb is

made to govern a case which implies some slight de-

gree ofceremony in the mental transition intended.

We have heard it suggested that a verb which go-
verns a single noun in the dative implies in itself the

force of a noun governed in the accusative ; that resis-

tere, for example, has the force of the phrase obstaculum

opponerT. Whether this suggestion has any truth in an
etymological point of view, or is in any degree to be
considered as a probable account of the sentiments ori-

ginally attached to such verbs, we shall not stop to in-

quire. But a translation of some phrases, on this prin-

ciple, into the English language, will afford us a clear

analysis of these two cases, as well as of the verbs which
respectively govern them, and yet arc otherwise synony-

mous. The English language expresses the dative by
means of the preposition to prefixed to the same form

of the word which constitutes the accusative ; just as if,

in Latin, the dative case were wanting, and the mean-
ing of it always expressed by the preposition ad with the

accusative. This would certainly shew a more leisure-

ly and ceremonious transition than the accusative with-

out a preposition. Both these sentences, Nociiit Cica-oni,

and Lwsit Ciceronem, may be translated, " He did harm
to Cicero ;" but, in the first, the force of the preposi-

tion " to" is contained in the dative Ciceroni, and, in

the last, it is contained in the verb Ixsit,
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Aiiloiiius r.ocuil Ciceroni.

" Antony did harm to Cicero."

Antonivs lentil Ciceroncm.
" Antony did hr.nn to Cicero.'"

Thus tlie verb whirfi governs the accusative is more
c-ompletely prepared for tlie intended transition thfin

that which governs the dative. Tin's view of the cases

is not, we confess, in the present instance, support-
ed by the comparative brevity of the Latin dative and
accusative, which is in favour of the dative. It depends
for its proof on the use of them in languajje. Their com-
parative brevity, however, in the English languajre,

contributes to the illustration of our views, especially

as it consists in a difference of the entire word to, and
therefore is less liable to be ascribed to accident.

The Latin dative appears, on the whole, to be ap-
propriately employed where the verb has a degree of
transitiveness intermediate betwixt those which govern
the accusative and those which do not govern a\iy

case. The latter may express actions in themselves tran-

sitive, though they have not been formed for the pur-
pose of transition, but merely for attaching the accident
implied in the verb to the subject mentioned in the no-
minative. After such verbs the object affected may be
introduced, but it requires, even in the Latin language,
an intervening preposition ; we say, Liitetiam versus
coniendit, and. Ad prcelium progressus est.

The intermediate character of the dative case betwixt
the accusative and the use of a governing preposition is

confirmed by tliis circumstance, (especially as it is ap-
parently accidental,) that, in the English language, which
has no termination or peculiar form of the noun for ex-
pressing the dative case, it is sometimes expressed by
the preposition lo, and at other times by the noun in the

same form which constitutes the accusative. We say,
" I sent a letter to him," or, " I sent him a letter."

" Give him the monej'," or, " Give the money lo him."
The Ablative case of the Latin language has been

often considered as possessing a variety of powers.
Sometimes one of these, sometimes another, has been
selected as its original characteristic. Those who first

assignetl this case its present name, have considered its

original or at least its most conspicuous application, as

equivalent to the English preiwsition from, represent-

ing the object expressed by the noun as the point of
commencement of motion. The author of Grammar
in Rees's Cyclopcedia, describes it as denoting the in-

strument or medium by which an action is effected, and,
of course, considers its meaning as most clearly expressed
in such sentences as scribo calamo, " 1 write with a

pen." This account of that case, however, will not apply
to every sentence in which it occurs. We suspect that

any detailed attempt to make instrumentality the uni-
versal characteristic of the ablative would involve
the subject in inextricable confusion. The writer in

the Encyclopcedia Brilannica, impressed with the hope-
lessness of all attempts to reduce the meaning of the
ablative to any one species of relation, describes it as im-
plying nothing more than the simple mention of con-
comitance. The noun which is put in the ablative
may either represent a cause, an instrument, some cir-

cumstance of manner, a portion of time, or some other
relation ; but any one of these is inferred from the
nouns employed, and from the evident mutual relations
of the words composing the sentence, and not simply
from the ablative case. These aids to the meaning are
also rather to be regarded as limiting the generality of
the case tlian as correcting any ambiguity. The objec-

tion to which thin theory is open is, liiat it is too genera] i*nlv»«tal

to indicate a distinction betwixt this and the other (•^^^% Grnnmi»r.

of the noun. All the circumstanita brought IoujiUkt
.""^'^"^

by words in a sentence may be represented as coiiconii- o,n*m"**'
tant. .Sometliing further seems necessary for the pur- tancebv ili*

poses of precision. The peculijirity f)f the ablative seems uoun »i<»uB.

to be, that it is the only case which expresses u conco-
mitant circumstance hi/ a noun alone. It is an abbrevi-
ating contrivance for dispensing with the intro<luction
ofanother verb. Scriho calnmo is u-sed instead of scribo
el habeo onlamum, calamus est nii/ii, or nirweo cnlamum.
The pen is merely mentioned in the ablative to supply
the place of these circumlocutions.

In an example quoted by the last montionc^l author, llx n>»n*

templum clamore pdebant, clamour is rei)re8ented only ""•

as concomitant with the action of going to the temple.
These mere concomitances are called by grammarians
the manner.
When we say pnlko melit, fear is merely mentioned The <»«•*,

as a concomitant circumstance with the paleness. Yet
it is intended to signify, from the natural connection
betwixt paleness and fear, that the latter is the cause,
and the inference is instantly made. It is because such
inferences are drawn with the utmost readiness, and
without any sensible interval of time, that grammarians
have been deceived into the belief that the meaning
inferred is fully expresse<l by the ablative case.

The expression of this variety of concomitant circum- y^i. ,i,ij.

stances by the ablative without the intervention of an ti.eaiwv
intcrmediate word, for the sake of connecting the noun li^te.

with the preceding words, has obtained for some of
its uses the designation of the ablative absolute ; as in

the phrases Illo morluo ; Caio et Cassio conmlibiis. It

might be considered as absolute in its other uses, as In

the annexation of cause, manner, instrument, or time.

When an historian says hoc anno Jioruit, it is from the
word annus, and not simply from the ablativocase, that

the idea of time is inferred by the hearer.

Attempts are sometimes made in the English lan-

guage to follow the Latin idiom of using nouns in u
form thus absolute ; and the nominative or simplt-

form of the noun, is employed instead of the abla-

tive; but when we express the cause, the manner,
or the instrument, we always introduce definite prepo-
sitions ; hence it is translated in our language some-
times in, sometimes by, with, or from, and its meaning
is rendered . more special than in the original Latin.

It is scarcely necessary to mention, however, that even
in Latin it may also be precedetl by prejK>sitions,

though it does not necessarily require them. We may
say either aegessit summa cum prudenlia, or summd pru-
dentid.

Some verbs govern the ablative as a single case, that fiovtmcU

is, with the apparent meaning of the accusative. These ^^ verbs.

are chiefly neuter or deponent verbs. They seem to have
originally been of the intransitive kind, and afterwards

made to govern a noun in this slightly connected and least

dependent of the cases. As gaudere " to rejoice/' g/iudere

felicilate aUcujus " to rejoice, the happiness of another

being a concomitant event," which evidently woukl no*

be mentioned in this connection except as the cause of

the joy. The verb frunr in all probability, was ori-

ginally passive in meaning as well as in form, and is

capable of being translated " I am privilegetl," or " 1

am rendered happy ;" fruor vita, " 1 am rendered hap-

py in life," or " I enjoy life.'' Poliri viribus, " to be

made rich by, or to possess, power."

The ablative is sometimes subordinate to an ailjec- By adjec-

tive, as inops ralione, " needy with respect to reason," '''"*•

translated " void of reason."
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It is also governed by certain prepositions. Among
these there are some tliat are also used in such a man-
ner as to terminate the meaning without being follow-

ed by any noun ; for example, clam " privately/'

and palam " openly." Clam Ccesare is " privately as to

Cssar," afterwards translated " without the knowledge

of Ccesar." It is indeed true that even such preposi-

tions as govern the accusative are sometimes used in the

same manner as adverbs, that is, without any subjoined

noun. This is the case with jiixta and cunlra. But

some difference may here be perceived jj'ttjr/a and contra

always refer to some specific object previously men-
tioned ; clam and palam may be wholly general.

Some illustration of the ablative as compared with the

accusative case may be derived from this consideration,

that all the prepositions which denote that an action or

motion terminates in the object signified by the governed

noun, govern the accusative, as ad "to,"'contra "against,"

in " into j" they have thus a general analogy to active

transitive verbs ; while all those which denote that the

object sig7iified by tiie governed noun is the point at

which motion commences, govern the ablative, as

a and ab, " from," e and e.r, " out of;" and, finally, those

which denote fixed posture or condition are in their re-

gimen distributed betwixtthesetwo cases. Ante " before,"

apud^'at,"secus "along," cilra "on this side of,"andsome
others, govern the accusative ; while cum " with," pro
" for,'" pro; "before,"govern the ablative. But, though no
uniform circumstanceofsyntax marks these lastmention-
ed prepositions, some motive must have directed the per-

sons by whom the language was modified to prefer in

each instance one of the cases to the other. Ifwe should
suppose that they were derived from pre-existing verbs,

the regimen would depend on the genius ofeach original

verb. Prepositions governing the accusative are those
which are most completely prepared for a transition of
thought to the noun, and thus possess the most complete
active energy. Juxta, for example, may be held equi-
valent in force tojungentia " joining," apud to the word
" accompanying," contra to the word " opposing."
Those which govern the ablative must have been consi-

dered as more passive, leading by a more leisurely tran-
sition to the subsequent noun. Cum might be con-
sidered as equivalent to " accompanied." The mean-
ings of these prepositions may be expressed either
in an active or a passive form. Circum may be ana-
lysed into " surrounding," and thus it.governs the ac-
cusative. If it had originated from some such passive
participle as " penetrated," it would have governed the
ablative. This variety of syntax might sometimes be
founded in etymology, and sometimes the result of
arbitrary fancy.

The Greek language has no case corresponding to
the ablative. The use of the genitive is in that language
extended in such a manner as to include it. The Greek
genitive seems to have a greater similarity to the Latin
ablative than to the Latin genitive, as the ablative is the
least dependent of the two, and possesses the most ge-
neral application. In Latin it is in some instances go-
verned by a noun ; a circumstance which we have not
before mentioned, as it takes place only in particular
phrases, as vir egrcgiu sapietilid, or vir egregia; sapientim.
The Greek genitive is governed by prepositions like the
Latm ablative

; and the noun in the absolute state, which
in Latm is put in the ablative, is in Greek in the genitive.
In this latter language therefore we are letl to infer from
the connection whether the meaning of the geni-
tive case or one of those applications which in Latin are
assignea to the ablative is attached to it in each parti-

cular instance. The only meaning proper to it is the

general one of concomitance ; and it may be either a

concomitance with an object expressed by a noun, or,

like the ablative, it may be concomitance with an idea

expressed by an adjective, a preposition, or a verb.

In the French and English languages, the noun is

subjected to very few variations corresponding to cases.

We have the genitive in i with an apostrophe, which
is sometimes called the possessive case. In the pro-
nouns " I," " thou," "he," and their plurals, we have one
variation, consisting in a case equivalent to the Latin
accusative, and technically called the objective case ; as
" me," " thee," and " him." It is by means ofthis form,
preceded by the prepositions " of" and " to," that the

genitive and dative in Latin are translated ; and by
different other prepositions suited to each occasion, we
express a variety of relations which in Latin are in-

discriminately, and with less particular meaning, ex-
pressed by the ablative. In the French language,
the nounsj^'e and tu have in like manner mot and loi for

their objective cases. Moi in that language is even
used where the nominative would be used in English, as

c'est moi tor "it is I." Hence some have described moi as

a complete noun, being a nominative as well as an ob-
jective fonn. In the use of the English langufige, per-

sons who have not been taught to adhere rigorously to

grammatical rules, sometimes say " it is me," instead

of " it is I." It is probable that this was originally a

legitimate use of the word, and that the establishment
of a contrary rule has proceeded from a forced applica-

tion of a Latin idiom. Even moi in French is not used
as a nominative to a verb. Tlie French do not say
7noi park or moifais. It is only that sort of nominative
which follows the substantive verb. (We do not here
speak of that subsequence in mere arrangement which
indicates interrogation, and depends on inversion, in

which the nominative always follows the verb, as in

siiis je ; and we do not think that any attentive read-
er would have taken such an exception against our
views, though we had not stated this circumstance.
Those who would have been so disposed may object to
several others which the limits of this article do not
allow us to defend against every slight exception. We
here speak of that Ibrm of the noun which follows a
substantive verb, after that verb has been introduced
by its proper nominative.)

This application of the noun after the substantive

verb is peculiar, and might with as great propriety

have a peculiar form assigned to it as those which are

expressed by cases. It has not an appropriate form, be-
cause it is of less frequent recurrence. In Latin, it is

put in the nominative. In French it is put in the objec-

tive case, being treated as a state of the noun introduced

(or governed) by the substantive verb. In English we
now adopt the Latin idiom. But, while our language
was unfixed, it certainly would have been equally na-
tural to have followed a similar usage to that of the

French.

CHAP. V.

Of Adjectives.

Sect. I. The Nature of the Adjective.

The impropriety of considering adjectives as intended

to express our ideas of qualities, in contradistinction to

our ideas of substances, has been already pointed out.

The only objects known to us are qualities, and therefore

this distinction has no foundation in nature. Qua-
lities lubitually conjoined, and forming definite assein-
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Wages, compTehend the whole of our concrete ideas,

called ideas of substances. We have words to repre-

sent these assemblages, and words to represent sin-

jlle qualities. But this does not constitute the dis-

tinction betwixt substantives and adjectives. Hoth

kinds of i(ieas are indiscriminately expressed by these

two parts of spcecli. The adjective, like the substan-

tive or noun, IS the name of an object. The circum-

stance which constitutes its peculiarity is, thatit alsocon-

tains an intimation of the subordination of the idea ex-

pres.-ied by it to the idea expressed by a noun in the

same sentence. It has in fact the same application with

the jfcnitive case of the noun. Sometimes these two parts

of speech may be shown to be synonymous. The words
" Peter's," " Solomon's," " Cicero's,'' are by some called

genitive cases, by others adjectives of possession. The
words "Aristotelii\n" and "Ciceronian"are reckoned ad-

jectives by all, and also such words as " Roman" and

"Grecian." Allofthese equally contain the name ofa per-

son or country,with an intimation that it is to be connect-

etl with some other idea expressed by a noun in the sen-

tence. We shall soon see the similarity of use betwixt

these adjectives and such as discover less composition

in their structure. We shall also see the cause of their

apparent difference.

Some have asserted that the adjective by itself ex-

presses no idea, 'i'his opinion has arisen from the cir-

cumstance that it supposes some other idea expressed

by a different word. But this is in reality an addition

to its meaning. Every idea expressed by a substantive

may also be expressed by an adjective, and vice versa.

The idea expressed by "man" is also expressed by
" manly ;" and the idea expressed by the adjective

" good" is also expressed by the substantive "goodness."

Perhaps it will be alleged that, when we nse the

adjective, we do not give a full representation of an

object, but merely refer to it by mentioning a quality

founded on some connection with it ; that the words
" Roman,'' "English," " Ciceronian," do not imply the full

nieaningof"Rome," "England," and "Cicero." Inan-
swerto this we mustobserve that thegreater partofwords

in a sentence are merely introduced for reference. Sotne-

tiines, where many words are used, and many ol)jects of

thought mentioned, those which are mentioned on their

own account are comparatively few, the greater part of

the words, including the nouns employed, being mere-

ly introduced for the sake of reference. " A Roman
senator," and " a senator of Rome," mean exactly the

same thing ; therefore the ideas contained in the word
" Rome" are also contained in the word " Roman."

Those whose reflections are in the habit of suggest-

ing more subtile arguments, may object that the word
" Rome"is a proper name, while " Roman" expresses age-

neral quality. This, however, is the same olijection in a

different form. A part of the word " Roman" is a proper

name. The generality ofsuch adjectives arises from the

variety of occasions on which proper names may be

used. Their application in connection with other words
thus becomes general, and the same thing may be said

of any form of a noun that implies definite connection

with other words. The adjectives " Roman," " Gre-
cian," " French," " English," " Alexandrian," " Cice-

ronian," "Foxite," " Pittite," contain the names of indivi-

duals, but they become general from being applicable

to many objects. A relationship to an individual be-

comes a generic quality.

There are, however, adjectives which express the pos-
session of general qualities founded on no reference to

•. particukr individual These adjectives have less ap>

The lent

complex
adjectiro.

pearanceorcompositionthanthosenowmentioned.andare UniT«n«I

alwa^'s shorter tiian the substantive nouns use<l to repre- Gr»mm»r.

sent the qualities as separate objects. " Good," " bad,"
" hard," " soft," " light," heavy," are shorter words
than " goo<lness," " badness," " hardness," " softness,"
" lightness," and " heaviness." It is from the as-

pect of words of this sort that grammarians have
concluded tliat the adjective does not express a com-
plete iiiea. They arc never derived from the gene-
ral name of the quality. It has been imagined that
the ideas which such adjectives express are essenliat-

ly general, that they have no corresjwnding objects

possessed of an individual existence, and that, when
substjmtive nouns, such as " goodness" and " badness,''

are derived from them, a forced effort is made to treat

qualities in language as if they were substances. The
just conclusion was not drawn, that substantives and
adjectives, as mutually distinguished, are forms fitted for

certain purposes in language, and not signs founded in

any differences in the nature of tlie external objects

signified.

The reason of the comparative brevity of words sig- Reamnof
nifying general qualities, when in the form of adjectives, the simple

has been already hinted at. Individual instances of "'"""" "^

these qualities have no separate interest attached to f"".^

them, and therefore the words expressing them con- compared
tain an intimation of their annexation to some group, to the cor-

The names of groups, even though generic, are in the responding

first instance so contrived as to be fitted to become subsum-

the names of leading subjects of discourse; and ever
""""

afler merely require a proper introduction to render
them distinctive signs for individual.s. It is at a more
advanced period ol human thought that single qualities

become separate objects of attention, and then it is na-
tural to create names for them by the composition of
words previously in use.

The adjective, like the genitive case of the noun, is a
woril subordinate to a noun by which it is introduced.

Sometimes it is employed to remind us of one of the
ideas contained in the noun, as when a poet speaks of
" fleecy clouds,'' "the azure sky" and " verdant foliage;"

or when a historian, under impressions of indignation

at any series of outrageous conduct, uses such expres-

sions as " the infamous Robespierre."

The most usual effect of adjectives is, to reduce with- Htimate
in a more limited range the application of a general efTeciofuJ.

term, by the addition of a circumstance which belongs i«*>T»-

only to a limited part of the genus which that tenn ex-

presses. " A man" means one individual belonging to a
certain class of beings. The words, " a goo<l man," re-

present one belonging to a limited part of that class.

An additional circumstance, attached by means of ano-
ther adjective, would limit the meaning still more: and
an accumulation of adjectives of this sort is ca|iable of
affording a combination of sufficiently limited occur-

rence for any purpose of distinctive description.

The subordination of the idea contained in the ad- Varieties in

jective to the noim with whicli it is coupled is in some '*'.* •'<¥ree

instances less strict than in others. On some occasions ° *^'"'™'-

the ideas expressed by these two parts of speech might the idea
exchange places without any material alteration in the exprcswd

meaning of the compound designation thus formed, by the ad-

"A written libel" is equivalent to "a libellous writing ;" jective.

" a false assertion," to " an asserte<l falschoo<l." Al-
though the purposes of connection in discourse require

one of the ideas tlius nearly equal in importance to be
expressed by a substantive noun, tlie choice is left to

the option of taste and convenience. In other instances

in which they may be made to shift places^ when the
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ideas which they esprtss are the subject of a sentence,

a corresponding change is required in the predicate, in

order that tlie identity of the meaning may be preser-

ved. The sentence, " a good man is a happy man,"
may be converted into " human goodness is conducive
to human happiness."

It sometimes happens that the adjective expresses

the idea which is intended to be the principal, and to

which that expressed by the suiistantive noun is sub-
ordn:ate; as in the Latin phrase ah urbe condita ad
(vrbem) liberatavi. In the translation of such phrases,

the idea that is primary is expressed by a substan-
tive noun, and the subordinate one by an adjective.

The prima y ideas introduced in this phrase, by the pre-

positions ab and«rf,are the "building"and the " deliver-

ance;" hence it is translated, " from the building to the

deliverance of the city." Such idioms are to be consi-

dered as arbitrary inversions of the parts of speech, and
'do not invalidate the original subserviency of the adjec-

'tive to the substantive noun, as well as of the genitive

case to the noun by which it is introduced.

The adjective is very often employed as the predi-

cate of a sentence. It then conveys, by the help of the
substantive verb or copida, information of a connection
betwixt the idea conveyed by it and the leading sub-

ject expressed by the nominative prefixed to this verb.

As in the sentences " Cicero was eloquent," and " So-
lon was wise."

Sect. II. The Etymology of Adjectives.

Amidst the ol)scurity in which etymology is invol-

ved, it would be difficult to trace all adjectives to other
parts of speech, and tinis prove that none of them are
original. But many of them which might be supposed
from their appearance to be simple have been shown
to be derived from verbs, and these verbs are expressive
of motion.

Sometimes the adjectives thus derived signify qua-
lities produced by particular motions The adjective
" left," in contradistinction to right, is from the verb to

ieate. The left hand is that which we leave or de-
cline to use. " Tight" is tied ; " full" isJillid ; " loud"
is from lotv'd.

Sometimes the adjectives thus formed merely con-
tain an alhiiion to the motions from which they are de-
rived, as "odd" from ow cl; "straight" and "strict" from
.itringere to pull ; " blind" from the old verb to " b/in,"

or stop ;
" bold" from the verb to bi/i/d or establish.

" Brown" is from the verb to bren or burn. " Lewd''
is the participle of the verb to lew or allure. " Pro-
fligate," an adjective used to depict a character desti-
tute of all rectitude of principle, is derived from prijti-

gare to defeat.

Adjectives expres ive of single qualities are some-
times derived from the names of habitual assemblages
in which such qualities are conspicuous. The colour
"yellow" is in Lxtinjliimnieus or liiteus, because it is the
colour of flame or of clay. The English word " yellow"
is derived from the Saxon verb geceigen to bum or
flame. Viridis in Latin, is from virere, to vegetate; and
" green" in English from i^reman to grow.
From the analogies in etymoIogV disclosed by the

researches of Mr Tooke, it would appear that verbs
expressive of human motion have been the roots from
which almost all adjectives, as well as substantives,
have been derived This fact tends to illustrate the
views given at the beg^iining of this article, on the
principles whi-h rcgulaf the progress of the human
mind m the formation of language.

Some adjectives contain .nn hifentional aliu.Mon to
the nouns and verbs from which they are derived,
and something more is recognized in them tlian the
current signs for annexed qualities. Such are the
adjectives, " viaiAy, genllrmanYike, princely, nalionn\,

provinciai, tvorldly, earthly ;" also " earthy, hilty,

iioiiy." The substantives are here fully expressed,
and the terminating syllable denoting annexation is

capable of being separated. Sometimes this last is

merely a general sign of connection ; at other times
it signifies something more specific, and then the ad-
jecti\e is to be considered as formed by the com-
bination of another adjective with a noun. Thus,
" faithful" does not mean simply " connected with
faith," but "full of faith," and, if analyzed into the geni-
tive case, it would not be represented f)y the phrase " of
faith," but ' of fulness of faith." A "gentleman-like
youth" is not " a youth of, or connected with, gentle-
man," but " of the resemblance, or likeness, of a gen-
tleman." Wliere several .synonymous adjective termi-
n tions exist, though all generjil in original me-ining,
different specific applic.itions may l)e afterwards ap-
propriated to them Thus " earth-e;)" means made of
earth, " earth-,/." abou.iding with earth. " earth ly"
connected with the earth In some examples we find

both parts of the compound word restricted in their

me;ining. If/// means "like," the etymological meaning
of the word " earthly" must be " similar to earth ;" yet
the word is employed solely to signify " connected with
the .system of our earth" in contradistinction to the in-

visible world.

There seems to be a constant tendency amidst the
fluctuations of language to coin new adjectives, by de-
rivation from substantive nouns, for the sake of pro-
ducing greater liveliness of expression. When such
a word as " niaidy" is fir.st used for describing an indi-

vidual, the hearer more readily imagines to himself a
" man" witli all his suitable qualiticjitions Cor the illus-

tration of the quality named, tlian when such epithets

as " bold" or " firm" are employed.
Some adjectives derived from rr;J.« contain an

equally palpable allusion to the parent words as those

do which are derived from nouns, and thus bring

more fully into view the motions or actions which they

denote. The most remarkable afljectives of this sort

are also called participles. They resemble other ad-

jectives in every feature which has yet been mention-

ed ; but many of them imply an additional characteris-

tic, which will come into view when we tre.it of the

verb. The participle expresses the meaning of the

verb, toge her with its subordination to the idea ex-

pressed by a substantive noun. The words, " pining,"

" thriving," " dazzling," are as completely adjectives in

meaning and use, as " weak," " strong," and " bright.**

Sometimes it contains the addition of a particular mo-
dification of connection. There is generally a difference

bt'twixt the participle in nns or en.i and that in tis in

Latin, and betwixt the participle in ing and that in ed

in English.

The adjectives of some languages are subjected to

variations corresponding with the cases, numbers, and

genders of tiie substantive nouns to which they are at-

tached. These are terminations. They are extraneous

with regard to the meaning of the adjective, and are

merely convenient marks tor designating, in compli-

cated sentences, the noun with which each adjective

corresponds. They served, in ti.e Greek and Latin

languages, to obvij'tc that ambiguity which must have

been the consequence of U»e invereions of the order of
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words which the writers of these hnfrnngen, especially

the poets, perpetually practised. This circumstance,

t!io>ij{h merely accidental, has pruhably formed the

ground on which grammarians have proceeded in call-

ing tiie adjective a sort of noun. The declensions

have given it a similarity of aspect to the substantive

noun. The metapliysical reason for adhering to this

nomenclature assigned by Mr Tooke, that both equally

contain the name of an object, seems not to have oc-

curred, and labours under tlie disadvantage of applying

also to other parts of speech.

Sect. III. Degrees of Comparison,

Many adjectives are subjected to variations which
indicate a comparison of the degree in which a quality

is to be attached to different objects. There are adjectives

which do not admit of this variation, because there are

qualities which do not admit of degrees. Such are some
of those which denote figure ; as, " circular," " qna-
drangular," and " triangular." Adjectives subjected to

degrees of comparison are those which express qualities

which admit of being more or less intense. No lan-

guage is without separate words to signify comparison.

But an expression of that act is so frequently required,

that it has been found convenient to combine the sign
of it with the atljective, in the form of a tennination.

Three degrees have been enumerated ; the positive,

the comparative, and the superlative. But tlie positive

form is the simple state of the adjective, and should not
be called a degree of comparison.

The comparative degree is formed, in Latin, by add-
ing the syllables ior to the radical letters of the simple
adjective ; the superlative by adding the syllables issi-

mus ; as mitis, mitior, niitissimus ; in English, by add-
ing the syllables " er" and " est," as, " meek, meeker,
meekest." When the euphony of our language does
not admit of this mode of formation, the same thing is

expressed by prefixing to the simple adjective the ad-
verbs " more" and " most." Several grammarians have
described the meaning of these degrees of comparison
as consisting in this, that the comparative expresses a
comparison betwixt two objects, i. e. a comparison of
one with another one ; while the superlative expresses
a comparison with many, i. e. with the whole of a class.

But we find that the comparative degree may be em-
ployed for comparing an object with many others as
well as with one ; ae when we say, " He was reiser than
all his teachers ;" " Charity is betler than a thousand
sacrifices." The superlative degree, in its turn, may be
used when only two objects are compared, as, " James
is the wisest of the two." The difference betwixt these
two sorts of expression, which should rather be called

forms than degrees of comparison, is, that the compara-
tive considers the subjects compared as belonging to

different classes, while the superlative, compares them
as included in one. When we compare two men, if we
oppose the one to the other, we use the comparative,
and say " that he is taller than that other ;" but when
we place the two together to form a group, and point
out the superior rank which one of them holds in this
group, we say, " He is the ta/kst of the two."

In like manner a comparison in which more than two
afe concerned may be expressed either by the compara-
tive or the superlative. The comparative is thus used
when we say, " Greece was more polished than any
other nation of antiquity." Here CJreece is considered
as not belonging to the class mentioned after the words

TOL. X. PART II.

" more polished." For this purpose these nations are Viiif«Ml

designated by tlie term at/ier. " (jreece was none of Grunrnw.

those other nations ; it was more polished than they." ^"Y""*'
The same idea is expressed by the superlative when
the word other is left out ; " CJreece was the most po-
lished nation of antiquity." We here assign it the high-
est place in the class of objects among which we num-
ber it,—the nations of antiquity. A similar ojition is

left in conveying such sentiments as the following:
" Mr Fox sjxjke more forcibly than any other memlwr
of the House ;" which may also be thus expressed, " ,VIr

Fox spoke the most forcibly of all the members of the
House."
The comparative is indeed sometimes used instead of

the superlative where there are only two in a group

;

as when we say in Latin, senior fralrum, and in Eng-
lish, " the elder of the brothers ;" " the wiser or the
taller of the two." The frequency with which the com-
parative form of the adjective is employed in comparing
only two, has misled some technical grammarians to

state it as a principle, that this is the only proper form
where no more tlian two objects are concerned, even
although they should be represented as belonging to

the same collection or class. But, though habit has ad-
mitted some instances of this phraseology, it is an error

to form such a rule, and it is injudicious to check any
tendency to use thei superlative in its original applica-

tion.

Sect. IV. Numerals.

Numerals have the same relation to the substantive Thenainr-

noun as adjectives, and therefore belong to this class fal'aread-

of words. They express a modification or limita- •l'='^"f "
tion of the idea conveyed by some substantive. Their ^^ „^
peculiar object is to denote the degree of frequency form,

with which any sort of thought contained in a noun is

repeated ; that is, the frequency of the exemplification

of a generiil idea.

In English, the singular number is sometimes mere- Sign of die

ly distinguished from the plural by the want of the ter- ting"!",

minating *, as " the house" for the singular, and " the
houses'' for the plural. At other times the word " one,"

or the word " an," or " a," is prefixed. " An" and " a'
have been called by grammarians indefinite articles,

but in this there is no propriety. They merely signify

unity, and this is expressed by them in the most defi-

nite manner. In the French language, they are always
translated by un. They ought, therefore, to be called

numeral adjectives. They cannot be prefixed to plural

nouns, being peculiar to the singular, or the exhibition

of an idea without repetition.

The words " some" and " several" are used as general

plural adjectives. There are others implying the re-

sult of a general comparison with respect to number ; as,

" few" and " many." But these words do not describe

the frequency of the repetition with precision, and for

this purpose language is furnished with corresponding
numeral adjectives. One added to one, forms a number
which has the separate name " two:" one and one and
one, or two and one, have the name " three :" one repeat-

ed once more, or^ repetition of two, forms the number
called " four." Our idea of number, as a separate sub-

ject of thought and of language, has no existence pre-

vious to our experience in numbering individuals. This

gives rise to the observation of a general feature in the

acts of the mind called numbering ; and hence the ge-

neralization of numbers. Words signifying a particu-

lar degree of repetition become applicable to all acts of

3 o
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the mind in whicli an idea is repeated with the same
frequency.

'J'he general words expressive of numbers are de-

rived from the names of particular objects ; though,

perhaps, we can seldom succeed in tracing them.

As the tv.'o sides of the body exhibit pairs of organs,

two eyes, for example, and two hands, tlie word for

" two" might arise from the most interesting of these

pairs. Perhaps the numeral tres, "three," has been

boiTOwed from the idea of vibration, and owes its ety-

mology to the verb Iremo, or some older verb of the same
meaning. The two words are at least evidently akin.

The words first used to express the succeeding numbers
might be suggested by the first two or three, with the

help of a sign intimating reduplicaiiun, as in "two/"
" fniir " nnri " piirht " nr niiililinn. Hs in " five.'' " six.four," and " eight," or addilion, as in '

' seven," and " nine."

five,'' SIX,

Decimal
numeration,

The artide

in all re-

^pects an

atjective.

One of its

uses.

.Another

use.

Numeration by tens has, with very few exceptions,

taken place in every part of the world. This has been

suggested by the numbering of the fingers, which form

an assemblage familiar to us from our childhood. The
word for " ten" would therefore be borrowed from the

word signifying " hand," or " fingers." Asc.a in Greek,

and decern in Latin, evidently spring from the same root

with S««TtiX»; and digitus, a finger. The combinations

of tens with one another, and the addition of the words
for the different units, are prominent processes in the

words employed among the ancients as well as the mo-
derns for the higher numbers, and in the marks in-

vented to express them compendiously in writing.

Sect. V. The Article.

There is one adjective which, from some peculiarity,

has been generally reckoned a separate part of speech,

under the title of " the definite article." The English

words an and a have been called indefinite articles,

but their nature has been shown to be that of nu-
meral adjectives. The words e, sj, t», in Greek, t/ie

in English, le and la in French, and the corresponding

words in other languages, have been called the definite

articles ; but they have every cliaracteristic of the ad-

jective. They have even corresponding inflexions in

those languages in which adjectives are inflected. Their
general meaning, and the purpose of the speaker in

using them, are the same with those of the adjective.

They represent an idea or quality subordinate to an
object expressed by a substantive noun. This quality

consists in a reference to some previous mention, or to

some knowledge previously possessed of an object. A
historian, after having named and described a variety

of objects, speaks familiarly of them by using their ge-
neral names preceded by the adjective the, as, " the

army," "the town," "the battle," "the siege," and
" the truce."

Anotlier use of it is, for attaching a speciality by
means of a genitive case, or another adjective, or some
of those phrases which we shall afterwards show to be
equivalent; as, "the King of Prussia," "the governor of
Malta," and also, " the Frencli nation," " the Italian

territory," " Me Christian religion." Where no speciality

is attached, it means, " known by former mention," or,
" mutually understood betwixt the speaker and the
hearer." Where it is followed by the genitive or ano-
ther adjective, it means, " to be known or distinguish-
ed by tliis mark."
Some classes of objects are never mentioned without

the use of this adjective, as, '« the French," " the Eng-
lish," Tliis phraseology has arisen from the habit of

Dnivi
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prefixing the words French and English to more ge-
neral nouns, as, " the French or English people." We
say, " the French are gay ;" " the English love the
pleasures of the table." We have, indeed, equivalent

expressions without the article in the words, " French-
men," and '• Englishmen."

Tlie only circumstances which have led to the idea
that the wticle was a distinct part of speech, seem to

be the same whicli we have mentioned of the pronoun,
vLz. its brevity, and its frequency. It is a mistaken notion
to consider it as possessing tlie power of distinguishing
the application of a generic name to an individual from
the use of that name in a less definite acceptation. It

has not this power in a greater degree than other ad-
jectives. If we speak of " the man," we no more dis-

tinguish any individual than when we say " a man,"
and not so much as wlien we say, " a wise man." It

is only after an individual has already been distinguish-
ed that the adjective " the" characterises him, by re-
ferring to that description. It is of very general .and

familiar application ; because any object may be men-
tioned as already known, or may be introduced with a
view of being characterised by some special mark. Like
every other adjective, it becomes fitted to particularise

the intended object in proportion as it is used with skill

and propriety.

Mr Tooke (vol. ii. p. 60.) derives " the" from the
Saxon verb ihe-an, " to take," of which he supposes it

to be the imperative. " The man," accordingly, means
" take man ;" and implies a direction to the hearer to

select an individual from the rest of the class. Tliis is

its meaning when the object is first introduced for the
purpose or being described. When afterwards used
for reference, it nuist mean " taken" or " selected."

Very nearly allied to tlie adjective " the" are the

words " this" and " that," wliich have been denomi-
nated by grammarians adjective pronouns. " That" is

considered by Mr Tooke as also derived from the-an,

"to take;" and .as, in fact, its past participle. In
actual application " this" means "near," and "that"
" at a distance." Another adjective " yonder," signi-

fies, " at a considerable distance," or on the other side

of something referred to. " This" and " that" are ei-

ther prefixed to nouns, as " this man," " that thing,"

or are used by themselves, as " this is good," " that is

indifi'erent." In the last form of speech there is a sub-

audition of the noun ; or the adjective may be consi-

dered as converted into a substantive noun, in tlie same
manner as we liave shown that many substantives are

created. Like them, it expresses one quality, with a

subaudition of the rest. An adjective used with the

subaudition of a substantive, is very nearly akin to a

substantive formed from an adjective by subaudition.

CHAP. VI,

Of Verbs.

Sect. I. The Nature of the Verb.

The verb, as exhibited in elementary grammars;
caxttp\'

especially those of the Greek and Latin, is much more ttd apir

varied than any of the other parts of speech. Some ance tin

ingenious attempts have been made to trace its com- verb,

plications, and to analyse its different forms. We find

the offices performed by words called verbs to be va-

rious, and it would be satisfactory to discover the cause

of the application of one common term to words so di-

versified.

Analog
ddjectiv
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The following arc the queries which this subject «ug-

pests. Does tlie verb perform any office which is pecu-

liar to itself, and is this common to every word which,

in tlie present practice of grammarians, receives the ap-

pellation of verb ? Arc tiiere more points of coinci-

tlence tlian one in the application of the various forms

of the verb ? Is this coincidence in office strictly uni-

versal ? Or are these different offices sometimes united

in one verbal sign, while only one of them is perform-

ed by others? Are the offices performed by the respec-

tive words called verbs thus different among them-

selves ? Are there any functions common to the verb

with some other parts of speech, though more advanta-

geously and more frequently performed by verbs tlian

by these others? Does this circumstance render it ad-

visable in any instance to retain the name of verb, even

while the office performed by it is not peculiar ? Or
ought scientific accuracy to concur with convenience in

leading us to alter in this instance the nomenclature of

the parts of speech ? These questions can only be an-

swered by investigating the nature and use of every

sort of word which, in the habitual language of gram-
marians, is denominated a verb, and making a com-
prehensive survey of their applications, in order to as-

sign to all of them respectively their just rank in uni-

versal grammar. We must therefore suspend the dis-

cussion of the leading problem implied in the title of

the present Section, and leave the reply to be gradually

unfoldetl in the sequel of this Chapter.

One important form of the verb, the imperative, cre-

ated by the earliest occasions for tlje invention of lan-

guaa;e, has already come under our notice. We have

found imperatives to be the shortest of all words, and
to consist of the roots from which the greater part of

other words derive their origin. But, since we have

considered all language as imperative, that subject does

not form nn appropriate commencement to our inquiries

into the peculiar nature of the verb ; and in fact it

scarcely requires any additional observations to those

already made on it. Many verbs from their meaning
do not admit of direct imperatives, (to wit, those which
do not signify the voluntary acts of mankind,) yet pos-

sess many fonns in common with active verbs.

We shall first consider those forms ofthe verb which
are subservient to atKrmation, or, as it has lieen some-

times tenned, predication, for the sake of including ne-

gations.

Sect. II. Verbs as subservient to Assertion.

Assertion or affirmation is the act peculiar to the

verb, being never perforn>ed by any word which gram-
marians have referred to a different part of speech.

That part of the verb by which it is most evidently and
most frcfjuently performed is called the Indicative. By
means of it we convey information. This, though not

the original object of language, is by far the most fre-

quent application of it, especially in an improved state

of society. It ])roceeds from that great characteristic

ofour species, the love of knowledge, implying an in-

clination to convey it to each other. It is by means
of affirmation that language becomes the instrument of

the most important improvements in human thought
and in tlie character of society. An inquiry into its na-

ture must therefore throw considerable light both on
thought and on language.

In affirming, we connect different ideas together, and
thus dictate an arrangement which we wish such ideas

to assume in the mind of the person addressed. To this

object a particular part of spcec is devoted ; but tliat DnlrcwtT
part of speech often consists of a word which contains a <«"nn:iw.

sign of various other ideas. When we say " the man """"V"^
walks," the word " walks" contains the name of a par-
ticular motion, at the same time that it expresses a con-
nection betwixt tliat motion and the object denoted by
'' the man." Mr Tooke consiilcrs the verb as contain-
ing a noun and something more ; and he proposes it as a
(juestion worthy of tJie attention of philosophers, what
is that cfrcumstance which, when added to a noun or the
name ofan idea, makes it a verb ? The answer to this, in
so far as the indicative is concerned, is, that it contains a
sign of asserted connection betwixt tlie object express-
ed by that noun or name and some other object which
is also mentioned in the sentence. But we have other
signs of connection which are never considered as giving
a word the nature of a verb. The genitive case implies a
sign of connection betwixt the object expressed in that
case and some other; the adjective performs a similar
office ; but there is a difference betwixt these signs of
connection and that implied in the indicative of the
verb.

The nature of these two sorts of signs, and the diffe- Analynt) of

rence betwixt them, will be most clearly perceived by »entcncc» of

attending to the structure of those languages which "Mrt'on.

enable us to resolve the indicative of every verb into its

constituent parts by affording distinct signs for each.
In English " the man walks" may be resolved into this

sentence " the man is walking.'' The termination ing
implies a connection similar to that expressed by the
genitive case or by the adjective, while the word is gives
the sentence the character of assertion, and fits it or
conveying new information.

For the sake of possessing appropriate terms on this

part of the subject, it will be convenient to borrow the
technical language of logicians, who call a sentence a
proposition, consisting of three parts, a subject, a predi-
cate, and a cojnila. In such a sentence as we have now
mentioned, each of these parts is expressed by a sepa-
rate sign. " The man" is the subject, " walking" the
predicate, and " is" the copula. The author of Gram-
MAii in Dr Reos's Cyclopwdia maintains that " is" doe»
not express assertion but connection. Connection, how-
ever, is often expressed by words of very different im-
port : therefore that term is less appropriate to the co-

pula than assertion.

Sect. III. The Substantive Verb.

The copula has been denominated the Substantive

Verb, and it undergoes a variety of changes, called in>-

flections, corresponding to tlie ciianges incident to other
verbs.

The radical nature and common tise of this verb is yu HarriVt

not, as Mr Harris supposes, to express existence, but accxiunt of

to assert a connection betwixt one object and another, thcsubstan.

The author now mentioned has been unfortunate in his

mode of describing the use of this verb. He pro-

nounces it an undoubted axiom, that "an object must
first BE, before it can be any thino else ;" an opinion

in all points of view untenable. In the first pl.ice, it

is not necessary that the subject spoken of should have
an actual c-xistence. We can speak of supposed as well

as of existing objects. In the next place, an assertion

that any object which has existence is something else,

implies an absurdity.—What then is an assertion?

Do we by means of it assert an object to bo the same
that is implied in the term used for an introtluctory

designation i This is not tlie case ; it would form an

live verb.
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Dniversal unmeaning truism; and the predicate is generally a

Grammor. tlifferent word from the subject. In this act we
neither assert the subject to be the same, nor to be

something else. The office of assertion consists in

pointing "out a relation betwixt the subject and some

other idea. The word "gold" has one meaning, and

the word " metal" has a different one. When we
say " gold is a metal," we do not intend to say

that the words " gold" and " metal" have the same

meaning, but that the qualities expressed by the word
" metal," are connected with the object called "gold."

When we say " sugar is sweet," " wormwood is bitter,"

our intention is to produce in the mind of the person

addressed a coimection betwixt the ideas whicli have

been previously attached to the word " sugar," and

the further idea of " sweetness," and betwixt the ideas

attached to " wormwood," and the idea of " bitter-

ness." Sometimes nothing may be previously known
concerning the subject of the proposition. We may
speak of sugar and of wormwood to a person who has

never heard of either. In that case the terms are only

introduced as signs requiring the person addressed to

attach to the one of them tlie idea of sweetness, and

to the other that of bitterness, as contributing to those

compound ideas of which he may afterwards consider

the words as significant. The idea expressed in the sub-

ject must always be different from that expressed in the

predicate. This is the case even though the expres-

sions used would on a different occasion be synony-

mous. When the sentence " London is the capital of

Britain" is uttered, if the hearer had any ideas about
Lontlon, he is desired to connect with these the fur-

ther circumstance of its being the capital of Britain :

if he had no idea on the subject, except that London
was a name written or pronounced in a certain manner,
he is desired to connect this word as a name with those

which form the predicate of the sentence. Sometimes,

by a figure of speech, the same word is used for the

subject and the predicate : for example, " Home is

home." In the employment of this figure, however, it

•will be found that such a word as " home" in these two
situations has a different set of ideas attached to it.

The meaning of this sentence is, " Home, though often

thought and spoken of with indifference, is, when made
the subject of reflection, connected with feelings which
interest and attach us."

The substantive verb differs from verbs of motion in

being radically indicative in its character. Assertion is

the cause of the contrivance of it. 1 1 does not originate

in the imperative mode, any further than an impera-
tive effort to command attention is implied in all lan-

guage. The use of the substantive verb is, to direct

the thought of a person to the connection of one idea,

or one assemblage of ideas, with another, and thus to

indicate congruities, incongruities, and relations of all

kinds. The substantive verb is employed in the im-
perative conformably with the usages of other verbs.

We say, " be wise ;" " be ready to do your duty ;"

but this imjierative lias always an awkwardness and
a want of emphasis, compared to that of the active
jjerb. An active imperative may be considered in

such phrases as understood. It seems an absurdity
to desire any person or thing to be, or even simply to
be connected with another object, or to be endowed
with a particular character. The imperative radically
implied in such sentences is a command or solicitation

to use such exerlions as tend to the production of a cer-

tain state. Sis prnbus means fac ut six prohus, cause
yourself to be good ; act in such a manner as to support
a worthy character.

,

The sub-

•tantive

verb radi-

cally indi-

cative.

1

vei

1

All the other forms of this verb coincide in meaning Univ<

and emphasis with the corresponding parts of other Gram

verbs. '""^

The peculiar character of the indicative of the sub-
stantive verb is, to express in a separate word that

general act of the mind which is common to all verbs
in the iiidicative mood.
The predicate of a proposition may either be an ad- The pt

jective noun, as "Cicero was eloquent;" " Solomon cate ini

was wise ;" or a participle, as, " tlie man is walkina ;" ''"'^'''

'

" the boy is riding." A substantive is applied with '*"'* '"

equal frequency to the same use as " Isaac is a p/ii/oso-

pher ;" " George is a king ;" "Alexander is an emperor."
A connection betwixt the ideas expressed by these sub-
stantive nouns and those attached to the subjects of the
propositions, is tlien asserted by means ofthis simple verb.
The verb still merely serves the purpose of a copula.
The noun becomes an adjective by its -situation.

Dr Smith infers from the generality of the character Ori<nn
of this verb that it must have been the result of much tliis'vei

thought, and could have been formed only after refine,

ment in metaphysical science had made considerable
advancement. For this inference, however, there is

not sufficient foundation. The acts exerted in all as-

sertions have a character mutually similar, and are
therefore called the same act ; and nothing is more
natural than to express the same act or similar acts by
the same sign.

The early attempts of a child to speak are often Suppoa

made without the use of the substantive verb. He oo <lept

says, " That bread good," instead of ' that bread is
''*'''"^''''

good." He possesses the ideas of bread aiul of good-
ness, and, by pronouncing the one in immediate suc-

cession to the other, he attempts to convey the im-
pression which he has received of their mutual con-
nection. The same mode of speaking may be sup-
posed to take place among a people whose mutual
communications are few and crudely executed. But,

as the juxta-position of nouns may also be applied to

other uses, a separate sign is afterwards introduced
for indicating assertion ; and no depth of metaphysi-
cal knowledge is required to induce men to use the

same sign on every similar occasion. Although some
risk of error attends the intellectual exercise of re-

tracing and analysing the progress of our mental ope-

rations, and hence metaphysical mistakes and diffi-

culties have been handed down from age to age, no
hesitation or impediment occurs in the employment of

the faculties for the common purposes of speech. The
human mind has always proceeded without embarrass-

ment in contriving signs for its communications.

The formation of a general word is equally easy with

that of a significant general termination for shewing

that words are applied to similar uses. A termination

expresses some point of mutual resemblance in the ap-

plication of words. The same thing is done by a se-

parate word, and a separate word may be uttered with

equal facility. The forms, in fact, which are common
to all other verbs ai'e exactly synonymous with the pure

substantive verb. All other verbs consist of the signs of

ideas, coupled, as we have observed, with the sign of

adjection, and the sign of assertion ; that is, the mean-
ing of the participle with that of the copula.

Sect. IV. The Neuter Verb.

Some languages have verbs which contain the mean- Natn

ing of an adjective and the copula condensed in one »''*'

word, and whicii have no further characteristic in the ^*™

construction of sentences than these parts of speech

when separately expressed. Perhaps this is not the
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sat case with every languaj^, and there are probably none
in which such verbs abound. In the Latin language,

' ruberc, virere, cakre. frigere, are instances. In Eng-
lish we have the verbs " to glow," " to blush ;" but we
for the most part express such ideas by using adjectives

with the substantive verb in a separate state. The
verbs now mentioned are called neuter verbs, in conse-

quence of the absence of certain qualities which we
shall find other verbs to possess.

Sect. y. Assertions made hy Verbs of Motion or of
Action.

It has been already observed that the first object

which a man has in view, in using speech, is to excite to

action. Were mankind destitute of vocal language,

they would imitate the particular actions which they in-

tend the person to whom they speak to perform. This

is always done by persons who wish to converse while

they are not acquainte<l with any common language.

The case is necessarily the same with dumb persons.

In tracing the origin of the words by which particular

actions are represented, and the e«tablishment of them
as conventional signs, we find no general principle to

guide us. The motive for using a particular sound is

of so casual a nature that its history is lost before it re-

ceives an established application. The want of written

documents, and the total inattention to retrospective

analysis, which exist in a state of society so rude, in-

volve the origins of words in obscurity. Etymology can
only trace a word ti-om one application to another, and
follow its variations through the different languages

into which it has been adopted. Even this exercise is

liable to deceptions which it is difficult to avoid. Yet
it must be allowed that, when conducted wit|i cau-

tion, it may prove extremely useful, by discovering

analogical principles of transition, which elucidate this

department of human art.

After men have learned to employ words for excit-

ing one another to those actions by which reciprocal

services are performed, the extent of the uses to which
language m.-iy be applied must be soon more fully per-

ceivetl. Men contrive to describe to each other various

surrounding phenomena. Some of the most interesting

of these consist of the actions of their fellow creatures.

The same sign by which we desire a person to per-

form a particular action, is naturally retained as a sym-
bol of that action in describing any series of events of
which it forms a part. Afler we have used the words
" come," " go," " stand, " sit," " run," as imperatives,

we spontaneously apply the same words, either in the

same form or with some slight addition or alteration,

in affirmative sentences, such as " John stands," " John
sits," or " John runs."

It has been already remarked that these indicative

forms may be resolved into the copula with a participle,

and are equivalent to " John is standing," " John is

sitting,'' and " John is running." The connexions ex-

pressed by the participle are observed in the operations

of the solitary mind before we are capable of using
language, and form an extensive series of relations

among the objects of our knowledge. But the earliest

use 'hat arises for connecting the significant words is

the conveyance of information. On this account the

copula and tha participial sign are not originally sepa-

rate, but condensed into one word with the name of the
action specified. This early date of the condensed
phrase is the cause of a comparative simplicity in the

indicative form. It is prior in formation to tlie partici'*

pie. We have occasion to say that a man " walks," Univcml
soonW than we have occasion to \i»c the compound OriuninM.

designation " the man walking" as the subject of a dif- "^"f^
ferent proposition. It follows n fortiori that the simple
indicative i< prior to that indicative which is formed
by the participle and the copula. The division of it

into these two parts might make the indicative «pi)ear
more complicated in metaphysical analysis, antt some
might be disposed, on this view of the subject, to con-
sider the usual indicative as a species of contraction.
But this is not its character. 'I he act which consists
in the union of the meaning of these two signs is spon-
taneous, and of an early origin. On this account the
indicative has even less complexity of form than the
participle.

Sect. VI. The Active, Passive, and Middle Voices.

It most frequently happens that, in describing an
event, whether consisting of a voluntary human action
or not, we have occasion to bring into view, by means
of a noun, some object which has a conspicuous con-
cern in it. The occasions on which no inclination to
do this exists are but few, and the events which are
described in a manner so simple are not of the most in- gome rerbe
teresting kind. They occur in Latin in the use of of no voice,

such verbs as ningit and pluit, " it snows," "it rains."

Each of these verbs, without any nominative, contains
a full account of an event.

When we describe an action which has an intimate Origin of
connection with some other objects, we generally have voioei.

occasion to extend our description by the mention of '

the object or objects so situated. We may either men-
tion one or more of the agents who perfoi-m the action,
or an object affected by it. If the noun expressing
this object is put in the nominative case, it becomes the
leading subject of the sentence.

When the nominative is the name of an agent, the oi«dnct
verb is said to be active. When it is the name of an form* not

object affected, it is said to be passive. ( This mode of «'*»?• re-

expression is somewhat illogical. It is the noun that
1""*^

becomes active in the one mstance, and paisive in the
other. The difl^erence of these two uses of the verb is,

that they give these differences of character to the noun.
We shall, however, adhere to the established nomencla-
ture as established by common usage, and possessing the
advantage of a convenient briefness.) There are not
in every language two separate forms of the verb for

these two a|>plications of it. In modern English,
some verbs are used in the same form in an active and
in a passive application. We can use the verb " cut"
in any one of the three following ways : " They cut

the tree ;" " These tools cut smoothly ;" •' Fir cuts more
easily than oak." We say, " Look at that person's

face;" also " He looks well;" " Drink some wine;"
and " This wine drinks pleasantly."

Some grammarians, impressed with the prominent
distinction existing in the Latin languiige betwixt the

verb in the active and the passive voice, would insist

that " to drink" and " to cut" are essentially active, and
therefore that the phrases " fir cuts easily" and " this

wine drinks pleasantly" are ungrammalical. But w#
shall probably entertain a more enkrged as well as a
more correct idea of the verb, by conceiving that those

which we call active verbs are in their earlie-t applica-

tion of no particular voice, though, from the agent ge-
nerally appearing in the mind of the speaker more im-

portant tlian anj- object acted on, the active application

ofthem is the most frequent; The original indicative of
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the verb thus points out a connection betwixt an object

and an event without specif3'ing tlie nature of this con-

nection. The circumstance of agency or any other may
be safely left to the inferences formed by the under-

standing of the hearer.

In other instances, it is found convenient to contrive

a mode of expressing by some slight alteration in the

form of the verb the circumstance of being the object

acted on. An expression of this sort, if found to har-

monize with the genius of a language, may be after-

wards universally adopted ; and the original form of the

verb will then be limited to the active application. In

such languages the distinction betwixt the active and

passive voices will be most constant. This happens in

the Latin language, and in tlie active and passive voices

of the Greek. But, where the contrivances adopted for

this purpose are in point of convenience less fortunate,

they will be more varied and less strictly adhered to.

Much will be left to urgent occasion or individual

taste. Of this we have instances in the middle voice

of the Greek verb, and in several phrases in the modern
languages of Europe.

The French apply the verb in a passive acceptation,

by introducing the .same object as the nominative and
the accusative to it, as Lc vin de Bourgoigne se no\Tpar-

tout, literally " the wine of Burgundy drinks itselfevery

where." A verb thus used has been called a reciprocal

verb, and it appears particularly appropriate wlien the

same object is the agent and the object affected, as in

the phrase " he prepares himself." Yet it is not ne-

cessarily limited to such occasions. Le vin boil does not

mean " the wine performs the act of drinking,'' but
"the wine has some connection with the act of drink-

ing." The nature of that connection is here indicated

by the accusative se. The phrase le vin se bait may
be thus an.alj'scd, " The wine is concerned in drink-

ing, by being the liquor wliich some one drinks." But
we find that in English, when we say " tlie wine
drinks pleasantly," the kind of connection betwixt the

wine and the act of drinking is left to be inferred from
the n.iture of the subject. This is of itself sufficiently

prominent to prevent ambiguity, notwithstanding the

incomparably greater frequency of the active applica-

tion of tliat verb.

In other instances, a slight addition or a mere altera-

tion is used for denoting the passive. In the Icelandic

language, a;? c/,*.'-« signifies " I love,'' ocg elskast " I am
loved." In Latin, we have amo for " I love,'' and amnr
for " I am loved." The expedients adopted in dirfe-

rent languages will depend on the previous state of
each. When a language already possesses a word
expressive of suffering or being acted on, it will be na-
tural to employ this, or some part of it, in union with the
verb to denote the passive. It is not improbable that
the letter r, which distinguishes the passive voice in

Latin, is derived from res " a thing,'' or some previ-
ously existing word of similar import. The radical let-

ters nm signify " love ;'' am-o " I love," i. e. " I have
some general connection witli loving." Am-o-r " 1 am
connected with loving as the t/iiiig or object loved." The
letter r runs through all those forms of the passive voice
which arc produced by inflexion, with the exception of
the ."econd person plural.

The preterite tense of the passive verb in Latin is

m.ide up of a compound phrase, consisting of the par-
ticiple with the substantive verb. The participle em-
ployed is derived from tlie past tense. Amaius is most
probably a contraction for amavil-us, and derived from
amavil. The past tense is thus converted into a part

Jof speech resembling the adjective ; and the efTect of Uq

the past is exhibited as a quality which is to be con- ^'''

nected or adjectived to some other idea expressed in
^"~

»
^

the form of a substantive noun. The introduction of

the copula forms an indicative or asserting sentence.

This sliows that assertion was not early appropriated

to that particular sort of connection betwixt actions

and other objects.

The best passive foiTn of the verb which the English in Engli;

language possesses is in the preterite tense, and yet it is

of an equally compound nature with this part of the

Latin pa.'^sive. We adopt the sign of past action in the

form of an adjectived quality, and complete our assertion

by inserting the copula. " Destroyed" is the past tense

of the verb " destroy." •' The enemy's troops destroy'

ed the city" expresses the active voice :
" The city is

destroyed" expresses the passive.

We have no g<K)d contrivance for a passive voice in

the present indicative. Domus cedijicatur cannot be
literally translated into our language. When we say
" The house is built," we assert the completion of an
action. The nearest approach which we make to it

in respect to tense is by the phrase " the house is build-

ing ;" but here we confound the voices, at least we em-
ploy a word which in respect of voice is general, as aj
participle in ing is most commonly used in the ac-

tive voice. Some of our southern neighbours choose

to express their meaning by the phrase " the house

is being built," which is no farther appropriate to the

present tense than as the same combination never

happens to be used lor the past. It labours under the

disadvantage of an awkward verbosity, which pre-

vents it from being generally adopted, or sanctioned by
the authority of persons of taste. Another effort has

sometimes been made to supply this want by prefixing

the letter a to the present participle, and thus con-

verting it into a passive present, as " the house is

a-building," but this has not succeeded in meeting

with a permanent adoption. A strictly appropriate

phrase has not been found absolutely necessary, because

a slight alteration in the form of our sentence enables

us to dispense entirely with the passive form of the

verb. We can say " the building of the house goes

forward," or " the work people are engaged in the

building of the house." No inconvenience is experi-

enced in expressing our meaning ; it is confined to our

attempts to translate Latin sentences literally into Eng-
lish.

In the French language the passive voice is much Substit

less frequently used than in English. That language Ibr the

has a resource which few others possess for introducing '^^^'^ ^o

the object acted on after the active verb without the

mention of any particular agent, iis it has a nominative

ofa very general application, on or I'on, signifying mere-

ly " some being or beings real or imaginable." This is

prefixed to the active form of the verb, and the object

acted on is conveniently made to follow in the accusa-

tive (or objective) case. On le dif, " some being or

beings say so," is translated with propriety " it is

said."

Our language is equally defective in a passive voice

for the future as for the present. If the sentence do-

mus cedjjicabitnr is translated by the phrases " the house

will be built," or " the house will be building," or " a-

building," or " will be being built," we shall find these

forms to labour under the same disadvantages with the

attempts already mentioned to give a translation of the

words " domus cedijicatur." Yet we experience equal-

ly little iuconveiiience in this as in the former instance.
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because a moderate skill in \'arj'in^ the turn of our sen-

tence enables us to convey our meaning clearly with-

out the use of a passive voice.

A neuter voice might be formed consisting of a sepa-

r«te word to signify that an action takes place, in a

manner similar to the words Jiingit and pliii/. We might
have a single word for " there is," or " tliere was a

walking ;" in French, ton se promeiie. In Latin, the

passive voice is sometimes used in this neutral or im-

personal manner. Ambtdalur is not passive in any thing

else than in form. It means " the act of walking goes

on ;" ambulatiir ab illo, " the act of walking is perform,

en by him," for " he walks."

Sect. VII, Regimen of the Active Verb,

Some actions are of such a nature that the object af-

fected by them is always interesting, and, in the earliest

use of language, such actions are never related with-

out immeiliate mention of an object thus affected. It

also liappens on such occasions, that the manner in

which the object is affected is evident from the nature

of tlie action. Of this nature are the actions expressed

by the verbs " to make," " to build," " to cut," " to

strike," " to kill." Such verbs in the Latin language

generally govern the accusative case, intimating the

most rapid transition from the idea conveyed in the

governing verb to that conveyed in the noun. The
noun governed may, in consequence of its own regi-

men, be rendered introductory to further additions

both to the form and meaning of a .sentence. The verb

thus becomes .a hinge on which the greater part of

the meaning of a sentence turns. The large proportion

of verbs which govern nouns in' this manner lias con-

ferred a conspicuous rank on this part of speech. It

is in this respect more powerful than the adjective.

Even when adjectives are used as predicates in affirma-

tion, the meaning which they introduce generally ter-

minates in themselves, or leads to subordinate ideas only

through the medium of prepositions. We say " this

man is good," " that man is just ;" also, " this man is

good at heart," " that man is just in all his conduct."

It is seldom that adjectives in Latin can be admitted to

govern the accusative ; and even the phrases in which

this might appear to take place, such as Os humerosque

timilis, are commonly explained by the subaudition of

the preposition quoad. These differences betwixt the

active verb and the other parts of speech have had a

secret influence in leading grammarians to attach great

importance to the verb. Its full power seems to reside

in this form of it. Verbs of other kinds have appeared

to be exceptions, or words to which convenience has

assigned a verbal form, though they are not originally

entitled to it.

The governing powers of the active verb are retained

by the active participle and the infinitive mood. This

act seems to have led grammarians to consider these

forms of words as parts of the verb properly so called.

The participle is distinguished from the adjective by re-

gimen alone. Hence those gi'ammarians who call par-

ticiples real adjectives have always been most fully

satisfied with the appellation when applied to the par-

ticiples of verbs destitute ofregimen, such as " thriving,"

" charming," " surprising," words which are in all re-

spects used as adjectives, though participles in etymo-
logy and in form.

The infinitive rnood has tb« same similarity to the

substantive noun as the participle has to the adjec-

tive. It may become a uomiiiative to a verb, as " lo

3
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enjot/ 18 to obey;" or an accusative, as " men generally fniMrf^
wish to live long," but, wlien introductory to other ^i"""""*-
•words, it has a more powerful and ready regimen than

''^'^•'"^

the noun. In Latin, it like the verb governs the ac-
cusative, and not exclusively the genitive, like the noun.We shall afterwards consider more particularly the par-
ticiple and the infinitive mood. At present we liave
merely accounted for the fact that grammoriaus have
reckoned them real parts of the verb.

It must always have been obvious that this office of r.etienJ r*.
the active verb is not common to all verbs, and there- flection* en
fore is not characteristic of this part of speech ; and, if ''« '"b-

the participle and the infinitive mood are to be reckon-
ed parts of the verb, the problem still remains unsol-
ved, what is the true characteristic of tlie verb ? Mr
Tooke intimated that he was prepared with some doc-
trine which appeared to himself satisfactory as a de-
scription of the verb, including its infinitive mood.
Every philologist must regret that this acute writer
did not communicate his views more fully to the
world. On this part of the subject, it is possible that
they may have been both well founded and original.
We are certain that they would have been at least
worthy of attention. They appear to have been valu-
able in his own eyes ; they would have been exhibit-
ed in a forcible manner if he had chosen to publish
them, and might have led the way to a more satisfac-
tory account of the subject. But, as no explanation of
this sort occurs on our own most matured reflections,

we naturally suspect (however presumptuous the de-
claration may appear, ) that his theory would have cither
turned out eventually inconsistent with some of the
opinions which he has published, or would have been
in itself unsatisfactory.

A precise answer to the question in the form now pro-
posed is not of great importance. Wc have pointed
out assertion as one office which is performed by verbs
alone. We have pointed out the quality of an active
regimen, as belonging to an extensive department
of verbs, and have shown that this quality is pos-
sessed by parts of speech closely allied to the verb
in etymology, and generally numbered among it*

parts, though not possessing an asserting power. We
have shown in what words assertion and a transitive re-

gimen are separate, and in what they are combined. As-
sertion is separate in the indicative mood of substantive
and neuter verbs ; the transitive regimen, in tlie in-

finitive mood and active participle of active verbs.
We have endeavoured to investigate the connection be-
twixt these parts of speech and the indicative of the
verb. In so far as their character is inconstimt or com-
plicated, we liave stated the causes of these character-

istics, and the shades of variation by which they are
distinguished. We have shown in what respects the in-

termediate kinds of words partake of the nature of on©
part of sjjeech, and in what respects they partake of
the nature of another. If the particulars on tiiese sub-

jects are impressed on our minds, our theories will be
exempt from ambiguity or confusion.^

Sect. VIII. Lilmnsitive Active Verbs.

Neuter verbs have no such regimen as has been now
described. Hence some have assumed tliis as a mark
of distinction betwixt them and active verbs. It did
not howevoi escape observation that some verbs wiiicli

do not govern any noun signify .iction, and tliat there-

fore the terra rieulcr as implying the absence of active



sitive acts.

424 GRAM
Univcrs»l power, did not apply to them. For this reason these

Grammar, y^gy^ been retained in the list of active verbs, but dis-

"—"V"^ tinguished from verbs of regimen by the additional

Verbs often epithet iniransiiive. Their peculiar character has been
intransitive generally represented as arising from this peculiarity in

though they
^j^^ mature of the actions signified, that they do not

fflgnify tran-
^^^^^ ^^^ ulterior object. But this is not true in point

of fact. The transitive or intransitive nature of verbs

of action depends solely on the occasions of mankind

in making use of language. Transitive verbs are

those vehich express actions when we have occasion

instantly to mention an object acted on. Intransi-

tive verbs describe actions when we are satisfied with

stating the connection betwixt the action and the agent.

Verbs which admit of no direct regimen, and therefore

are termed intransitive, may introduce other ideas, ex-

pressed by nouns, through the medium of prepositions.

The verb " to strike" is transitive, while the verb " »•

walk" is called intransitive ; and yet it is evident that in

the actofwalkingone or moreobjectsareacted on asmuch

as in the act of striking. Only it happens that when we
speak of striking, it is generally of importance to point

out the object that is struck; but, when we speak ofwalk-

ing, our attention is chiefly directed to the act as connect-

ed with the agent. In walking, however, a man walks

upon some object, which supports him; he walks yrom
some place, and to some other. Each of the phrases " I

strike myhorse," and " I walk upon theground,'' express-

es, in a manner equally explicit, a particular act, together

with an object affected. The intervention of a preposi-
• tion in the one case, and the absence of one in the other,

imply no difference in the energy of the act related,

but only the different degrees of interest excited in

the connection of it with the object affected. It

might naturally be expected, from the numerous and
varied occasions which we have for the relation of

events, that, even in describing the same sort of ac-

tion, we should sometimes have a motive for men-
tioning an object affected, and sometimes not. For this

reason some verbs differ from each other only in their

transitive or intransitive application, of which we have
already given an instance in the difference betwixt the

verbs " to speak" and " to say." In other instances

Some verbs the same verb is used either transitively or intransi-

both transi- tively. We may say at one time, " a miller grinds
•dveand corn;" in this sentence, corn is the object affected
mtransiuve. ^y ^^ ^^^ . ^t another time we may speak of the same

act as characteristic of the situation and employment
of an individual ; as in the sentence, " two women were
grinding at the mill, the on* was taken and the other
left.'' Here no occasion ari»«e for mentioning any ob-
ject on which the act of grinding is exerted. Thtse
however are not two different meanings given to the
verb. In both cases it is used in its full meaning, that
of describing a species of action. Whether we choose
to introduce or omit the name of the thing acted on,
depends on the design which we have in forming
our discourse. It may or may not be of use to add
this circumstance to the description. It makes no
more difference in the original meaning of the word
than the introduction of a second sentence in elucida-
tion of the subject would affect the meaning of the
words in the sentence first employed.

Sometimes verbs which are originally intransitive, and
evidently not intended to have nouns subjoined to them,
except through the medium of prepositions, are after-
wards applied as active verbs governing the accusative,
in consequence of the familiarity which the expression
of particular kinds of connection acquires from habit.

Uniyep
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The verb " escape" originally required the preposition

" from" to express a certain sort of connection betwixt

the act and other objects. Yet we not only say " a pri- ""HT
soner escaped from prison," but, speaking of our own
memory, we may say that " names and dates escape us."

Fugire in Latin, is a verb of the same kind, and the

corresponding phrase mefugit is used in that language.

Me latet is of a similar nature. Ardere is intransitive,

or perhaps ought rather to be called neuter, yet it is

made to govern the accusative: Formosiim pastor Cory"

don ARDEBAT Akxin.

In some instances an active verb, which we are in the
intransii

habit of connecting with nouns by means of preposi- verbs be

tions, is used to form a transitive verb by being com- come tn

pounded with a preposition governing the accusative, *'''^e bj

and evidently derives its transitive power from the pre- *^o°^Posii

position. Such a verb, like others which govern the

same case, may be used in the passive voice. In Latin

we have such words as initur, " it is entered on." In
English the same thing takes place, though the two
words continue separate. The phrase thus formed is

treated like a compound word, and made to pass

through variations similar to those to which entire

words are subjected. Such are the phrases " to laugh
at," and "to trifle with:" the preposition and the verb
coalesce to form a sort of compound verb, which is

used passively in the phrases " to be laughed at," and
" to be trifled with." This species of coalescence of

words into phrases, subjected to a peculiar inflection,

even takes place in instances in which an active verb go-

verns a noun in the accusative, and then leads to another

by means of a preposition ; as in the phrase " to make a
fool of;" for we do not say in the passive " a fool was
made of him," but " he was made a fool of" We have
many analogous examples ; as, " to be made game of,"

" to be evil spoken of," " to be taken notice of," " to be
taken care of." Some even say, " to be paid attention

to." This last expression is inelegant, because it shews
an unsuccessful grasping at a variety of accommodation.

On the diversity of regimen of verbs, see our account

of the cases of the noun. The subjects are inseparably

connected, and under that head such observations as

appeared necessary have been delivered.

Sect. IX. Persons and Numbers.

Very little remark is required on the meaning at-

tached to the Persons and Numbers of the verb. But
the nature af their connection with this part of speech

may be illustrated by their etymology.

In those languages in which verbs receive sepa- -,. ,

rate terminations for distinguishing the first, second, nation;

and third persons, such terminations are pronouns, and pronov

are equally complete as if they were separate words.

The termination o in amo was probably derived from
ego, the s in amas from s-u, the t in amal from aulo;, the h
amus in amamus from yifi.in. These terminations shew «
traces of being the same pronouns slightly modified.

Some philologists who find themselves at one time daz-

zled by Mr Tooke's plausible etymologies, are at another

startled on finding instances to which his principles can-

not be applied, and on this ground rashly become dis-

posed to condemn the whole as fanciful. A person
under these impressions might perhaps stop us short

in the inflections of amo with asking the etymology of
the terminations 'alis and -atit in the second and third

person plural. Atis affords no vestige of the Greek
i/fitii, nor -nnt of »vloi. It would be too bold to main-
tain that they are derived from words so dissimilar t»
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themselves, unless we were iilile historically to point out

the intermediate steps of their transmutation. IJut dif-

ficulties of etymolo^jy do not in the least invalidate the

general position, that sucji terminations are real pro-

nouns. Alis and mil have exactly the same moaning
vith vf*u( and avlti. Whether they were derived from
words subsequently forgotten, or were applied in the

iirst instance as terminations, they are to be considered

as complete signs equally significant with separate words,

and differing from the latter only in being placed not be-

fore but after the radical letters of the particular verb,

and written in closer connection with them. The re-

semblance of some of tlie terminations to the separate

pronouns is a fact happily adapted to corroborate the

identity of their signification ; but tJiough no such re-

semblance existed, just reflection would lead to the

same conclusion.

Pnominal In speaking of the personal pronouns, we observed

te inations that they have all the characters of nouns, and that their
«he<l to whole peculiarity consisted in their frequent use, which
it r pu-ts

jjg^ occasioned a convenient brevity in their form. It

is to the same cause that they owe the further distinc-

tion of being attached to many important words in the

shape of terminations. In Greek and Latin we find

them attached to the verb. In the Hebrew and Arabic

they are attached in the same manner to nouns. Ism,

the Arabic word for *' a name," receives the termina-

tions -i, -ek, and -oit for signifying " my name," " thy
name,'' and " his name."
The inflections of the English verb possess a charac-

- ter somewhat different from those used in the Latin
language. They do not supply the place of nomina-
tives, but are usetl along with them. We say " I love,"
" thou lovest," " he loveth" or " loves." We never
say " love" for " I love," " lovest" for " thou lovest,"

nor " loveth" and " loves" for " he loveth'' and " he
loves." The tennmations in English therefore are not

complete pronouns as in Latin ; they are only acconi-

p;mying signs, denoting that a particular sort of word
is the nommative to the verb. They might l>e repre-

sented as redundancies, but they are not destitute of
meaning and utility. Though not absolutely necessary

to guard us against mistake, they contribute to pre-

cision. They enable us to expatiate on a variety of
circumstances in connection with the object exhibited

in the nominative case, before we introduce the verb

;

and then the form of the verb shows its connection
with the person mentioned in the nominative. But
as the terminations in English are not so essential as in

Latin, they are fewer and less varied. The first person

singular, and all the three persons plural, consist of the

simple verb with the pronoun prefixed. " I love, we
love, ye love, they love." For this, among other reasons,

our language admits of less inversion in the order of
the words.

The same observations apply to the Numbers as to the

persons of the verb. The use of them in the impera-
tive mood is conducted in the same manner as in the

indicative. In tlie passive voice they follow similar

analogies as in the active.

Sect. X. Tenses.

A REFEBEN'CE to time is inseparably connected with
the narration of events, and therefore many parts of
the verb are so contrived as to indicate in their struc-

ture a coiuioction with some portion of time in con-
tradistinction to another. The point of reference aa*

VOL. X. J-ART II.

turally first assumed is tlic instant in which the 8«n- tUvtial
tence itself is uttered. Hence the first general clivi- O'nmninr.

sion of tenses is into present, past, and future. Points ^""^f^^
of reference may also be selected from the past and tJie

future, and expeditious methods, suited to our various
occasions, adopted for expressing relative precedence or
subsequence.

References to the division of time into definite |Kir-

tions, as hours, days, weeks, months, and years, are al-

ways made by means of nouns contrived for the pur-
pose.

1. Tense of tlie Imperdtive.

Before proceeding to the tenses of the indicative. The imp*.

which are the most important and jirecise, that ot' the r»'i»<:»«"i-

imperative claims some attention. The form most fre-
"»'Jy'"""»«^

quently used in Latin and in English has been call-

ed the present imperative ; but a little attention will

shew that imperatives are essentially future. The act

to be perfonned must be subsequent in time to the com-
mand. In many instances they may be separated by a

considerable interval, without any alteration in the form
of the verb employcfl ; as when we say, " come to this

place to-morrow." Though sensible of this circumstance,

grammarians seem not to have been aware of its impor-
tance in demonstrating the tense proi)er to this form of
the verb. Perhaps a vague idea existed that the time of
the giving ofthe command ought to fix its tense, but this is Objection*

obviated by the slightest reflection on the subject, as the "nswttet

act performed by the speaker in every sort oi' sentence

is present. Perhaps the immediate nature of the t«-

ftuence intended to be produced by the imperative on
the mind of the person addressed has, though future,

been considered as sufficient to entitle it to the appella-

tion of present. But this influence is in no respect it-

proper foundation for a distinction of tense. All lan-

guage is intended to produce an immediate effect on the
mind. It is therefore solely with the time of the action

or event specified in the verb that philosophical gram-
mar is concerned in tracing the different tenses. The
future in English is sometimes used instead of the im-
perative, as " tliou shalt not kill;" " thou shalt not
steal." Perhaps grammarians who delight in distinc-

tions would perceive in this phraseology, as compiu-cd

to the common English imperative, some analogy to

the varieties of imperatives in the Greek language,

and would denominate the sentences last mentionetl

future impera,tives, in contradistinction to the common
form called the present. But in the meaning of the

sentences the tense is equally future in both.

The Greek language has various imperatives which Tlie Gre«k

gr;immarians arrange along with the different tenses, "iipcr«tiv««.

and distinguish by the names of the present, the aorist,

and even the preterite imperatives. But this diversity

of form can produce no cosresponding diversity of

tense, unless this should consist in discriminations in

the portions of future time to which the commands re-

fer. We may order a person to begin an action at a

particular time; or we may order him to be engaged in

some occupation which is supposed to be previously

begun; or we may order him to have an action com-
pleted. But, with reference to the primary divibion of

tenses into past, present, and future, the imperative

must be regarded as essentially future.

2. The Aorist and Present Indicative.
The prtruxw

Mr Tooke has remarked that the part of the verb ty ij>aicaii»»

called the present indicative is a simple or general indi- impliei n»

3 H »«"«•
.
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Sometimes
applied to

the past,

Sometimes

to the fa-

tare.

Tenses not

inilispen-

sihle.

The true

present

cative, and that no tense is implied in it. When we say

" the sun rises in summer much earher than in winter,"

we assert a fact applicable to past, present, and future.

Of the same nature are mathematical theorems and all

general propositions. This form of the verb might

therefore with respect to tense receive the appellation

of a universal aorist. This indeed is the form of the verb

used for describing present transactions. The idea of

present time is on such occasions attached to the sen-

tence, in consequence of an inference drawn from the

nature of the subject.

In some languages it is elegantly used to describe a

long portion of past time extending to the present

:

as in French Je suis ici Irois ans, and in Latin Tres

annos hie adsum. But it is also used in describing

events which have been completed at a time past, as,

" Yesterday, when walking along, whom do I meet

but my old kinsman :" " 1 am glad, says he, to find

you looking so well." Grammarians, never doubt-

ing that such indications are essentially of the present

tense, have supposed tliat in such sentences tlie past is,

for the sake of vivid representation, described by a fi-

gure of speech as present. The facts now stated shew
that such explanations are unnecessary ; and if they

are in any degree just, or adapted to the conceptions

which we attach to this form of the verb, the con-

sideration that this indicative is not restricted to any
tense will account for the facility with which we re-

concile our minds to a figure of speech which would
otherwise appear a distortion.

We sometimes also use this general indicative in de-

seribing future events, and their futurity is pointed

out by some other word in the sentence, or by the

evident import of the whole. " Next Tuesday is

the first of April," is a sentence equally proper with
" next Tuesday will be the first of April." And we
say without any dread of being accused of vicious dic-

tion, " To-morrow he begins his journey."

It would be possible for men to convey their mean-
ing on all occasions by indicatives, witiiout any dis-

tinction of tenses. The mention of other circumstances
might serve to prevent the hearer from confounding
the past, the present, and the future. But a sign of
general application, consisting either of a separate word,
a termination, or a systematic variation of the verb, is

an important convenience.

We are not altogether destitute of resources for

marking with precision the present tense. Every lan-
guage possesses separate words for the purpose, such
as iiow'm English, and the corresponding words in
other languages. It happens that, in our language,
without the use of such additions, we indicate present
time by employing the substantive verb with the par-
ticiple instead of the usual indicative. " He writes"
is the indicative without tense. " He is writing" is

the present indicative. When we say " He writes a
good hand," or " He writes to his relations every
month," we restrict our meaning to no particular
time. But, when we say " he is writing," we describe
a present transaction. This distinction is entirely con-
ventional. The original meaning of this combination
of words implies nothing to distinguish it from the
simfde indicative, as the verb " is," and the termina-
tion " ing," are, with respect to tense, equally general.

CniTersi
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3. The Preterite Imperfect and Perfect.

Importance The preterite tenses are of great importance in IanM the j)r«. guage; and all tenses by m hich knowledge is communi-

cated imply a reference to past time. To the past we
owe our information. Our efficient communications of

knowledge consist in references to the past. Though
the present exhibits nature as immediately perceived by
the senses, which are the inlets of knowledge, it is by
means of the past that we are enabled to form a judgment
concerning the objects perceived. On our past experi-

ence depend all our judgments and expectations regard-

ing the future. If language consisted essentially in as-

sertion, the past tense would be the original form of the

verb. Grammarians state this to be the fact in the an- Its simp

cient Hebrew. In that language the preterite is in all city ami

verbs simple and uniform, consisting of two syllables, j"'-"u
which are formed of three consonants, with two inter- -^^^^

posed vowel sounds. The differences of the consonants
distinguish the verbs from one another, while the vowel
sounds are the same in all. Such are the verbs ips
[pakad) visitavit ]Pil {nathan) dedit. The verb in this

form is considered as furnishing roots from which all

other words are derived. But those who have con-

cluded, from the concurrence of all the facts in other

languages, that the imperative is the original form of

the verb, will find no necessity for adopting a different

opinion of the formation of that ancient language. The
imperative is in it equally simple with the preterite, gene-

rally consisting of the same consonants, varied most pro- ^
bably by a variation of the vowels. It has, therefore, on 'f
this principle, an equal claim to be considered as the

root. In some instances it is shorter: in the verb ^na

(nathan) it is in [then.) Verbs thus formed are on
that account denominated irregular. But the fact, in

such instances of the greater brevity of the imperative,

shews that the Hebrew in this respect does not differ

from other languages. The simplicity and regularity

of the preterite, however, in Hebrew may be con-

sidered as a consequence of the important rank which
that tense holds in the most prevalent application of

language.

In English, the past tense is formed by a variation TheE
on the root of the verb as used for the imperative, preter

This most commonly consists of the addition of the P"feci

termination " ed." Others are formed by variations of

the vowels ; as " struck" for the preterite of " strike,"

" wore" of " wear," " bore" of " bear, " drove" of
" drive." " I walk," and " I drive," are assertions in

the aoristic or present indicative ; " I walked," and
" I drove," are in the past. This tense implies that

an action was begun, and was continued at some past

period. It is called the imperfect, because no definite

relation to the present state of tiie event is implied in

it, and room is left for supposing that the action may
be still continued.

When we mean to assert that an action is accom- r^]^^J

plished, we introduce before the expression of past petfe*

tense the auxiliary verb " to have" in the present or ge-

neral indicative. " I have walked," signifies, " I am in

possession of the complete act." " I have (by my own
exertions) assured myself of its completion."

Some English verbs have two variations of the radical

word for expressing past time, " strive," has " strove,"

and " striven ;" " weave," " wove," and " woven ;"

" break," " broke," and broken ;" " do,'' " did,'' and
" done." The completed act is expressed by the last of

these forms, the words " striven," " woven," " broken,

"

and " done." Mr Tooke considers this contrivance as

a redundancy, because one word for past time is suffi-

cient for every purpose. In verbs whicli have the pre-

terite in " ed," the same word is used for the simple
description of an event in a train of progfiess at some
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il past period, and for l>cing conjoined with the verb

i,.u....ur. •• have," to signify that tlie act is complete<l. The in-

'^'V^ s6rtion of tliat verb is sufficient for marking the ilis-

tinctlon. " He walked," and " he has walked," are

equally distinct from one another, as " he did," and
'• ne has done." In some verbs in which the preterite

is formed by a cliange of the vowel, the same simpli-

city is observed :
" struck" is used for both these va-

rieties in the expression of past events.

15. That form of the past tense which is conjoined with
^J' the verb " to have," some grammarians consider as

originally and properly the passive participle. In this

SMitence, " I have driven a nail into tlie wall," they

consider the verb " have" as governing the noun
" nail" in the accusative, and " driven" as the passive

participle agreeing with the noun. In this form of the

past tense the same word is always used as for the pas-

sive participle. Therefore the sentence is considered

as signifying in etymological analysis, " I have a nail

(which is) driven into the wall," transferred by use

and common consent to signify that the action is per-

formed by the individual mentioned in the nomnia-

tive. This theory receives apparent support from

the structure of some phrases in the Italian lan-

guage, which show that the passive participle is really

the word employed, as its inflections are varied and
made to agree with the noun in gender and num-
ber. Such is the phrase Ho aperte le vostre Icllere.

" I have openeil your letter.'' This analysis of such

phrases woidd have great probability, if the facts uni-

formly corresponded with it. But it is not a constant

rule. It is often left even in the Italian to the op-

tion of the speaker. We may say Ho aperlo or aperle

le vostre Icttere, e vedulo or veduta ivi la voslra cor-

tesia. The French say J'ai donne, not donnee occa-

sion. II a iiie, not tu^-s, ses ennemis. Donne and lue

therefore merely signify a past action, and, like any
other part of the verb, introduce or govern the sub-

sequent noun. They cannot be consideretl as agree-

ing with it like a passive participle. If it is con-

venient to have a separate name for that part of the

verb, it may with sufficient propriety be called a Pre-
"•prctc- terite Gerund. The peculiarity of its nature will ap-
1 gerund, pg^r in the most convincing light, when we turn our

attention to neuter and intransitive verbs, which, having

no passive voice, cannot be said to have a passive par-

ticiple. When we say " he has gone," " I have come,"

the words " gone" and " come" cannot be past partici-

ples agreeing with nouns, as no nouns are introduced

after them. There is no sufficient reason why the in-

troduction of a noun should alter the nature of the word.

In the phrase " I have struck," the word " struck" sig-

nifies action, and, as a part of the active verb, it may go-

vern the accusative case with as much propriety as any
other part of it. When we say " I struck my enemy,"
and " I have struck my enemy," the word " struck" is

'* French 'f' ^oih instances equally active in its meaning. There
i ,u. are certain occasions in which the past participle in

tlie French language is used to agree with the go-

verned noun; but these are altogether peculiar, and can-

not give any room for supposing that this is the origi-

nal construction of this form of the preterite, after-

wards transferred to an active meaning ; for it only

I

takes place when the substantive noun has been pre-

viously introduced, and then referred to by means of
the relative que. The French say // a tue' plusieur.<:

homines ; but, Ixs homines qii' il a tub's. This was a sub-

sequent arrangement, adiuitted after a long discussion

of the French academy. I'hcre is some affinity be- Uoivmal

twixt this gerund and the past participle, though their t*'*""""-

syntax is not identical. Both signily an event com- • '

pleled. The participle is only the past tense, trans-

ferred to the adjective or participial application, by
which a p.-ust action is treated as a quality introduce<I

for describing an object. Its active application is of
prior date, and is in constant use.

It is not necessary to treat particularly of the other
forms of past tenses, as they are regulated by the same
principles, whether they are formed of combinations
of words, as in the modern languages of Europe, or
combinations of syllables, as in the ancient languages.

Some observations connected with the general subject

of their varieties will be suggested by certain forms of
the subjunctive mood.

4. The Future.

The signification of the future tense requires no il- Th« futur*

lustration. The remarks which we have to make on
'"'*'""Jj

this subject will therefore be confined to its etymology,
'"^^

Our conceptions of future events are mere deduc-
tions from known arrangements in the past or pre-

sent, tending to modify their character. Hence all

the contrivances for expressing futurity, that can be
traced to their origin, are founded on the connection
in which the future stands to the past and the present as

an effect to a cause. They are derived from verbs signi-

fying resolution, obligation, or other preparatory cir-

cumstances, and, with respect to etymology, are equi-

valent to the words employed in such English expres-

sions as " I inteiul to go," " I must go," " I am likely

to go," " I prepare to go."

Mr Tooke ingeniously derives the Latin future in bo ItsetymolB-

from /3»xe.» " to will" or " to be resolved." In ibo, for ex- 87 "> l"»"^

ample, i signifies " go," b (from /SaA) " will," and o (from
iy«) " I." Amaho and docebo are formed by annexing the

same letters to ama " love," and doce " teach." The
future in am he considers as an adaptation of the radi-

cal letters oi amare, " to love.'' Lrgam is thus equiva-

lent to legere amo, audiam to audire amo. By those

who indulge a general scepticism in etymology, or who
have other systems to support, these derivations may
be thought improbable, and abundant opportunities are

afforded of taking refuge in the obscurity of old de-

rivations. It may be said, if b means |3«Aw in amnbo,
what is meant by the b in amabam ? Such objec-

tions can have no further effect than to throw dis-

credit on instances of etymology that are somewhat
obscure. Let us therefore attend to some which are of

recent formation, and which, as the successive steps of
their change ai-e easily traced, are superior to all ob-

jection. If general principles of analogy are there dis-

closed, by which the abbreviating contrivances of lan-

guage have l)een conducted, the uncertainty of some
antique instances is not to be much regretted. The
former will also assist us to judge of the degree of
probability to be attached to some etymologies other-

wise uncertain.

In Italian, the future tense has undoubted marks of In Italian.

a derivation from the verb avere " to have." Parliro
" I shall depart," is evidently derived from parlire-

ho " I have to depart," This is evinced by the iden-

tity of the tenninations of the future with those of that

verb in the present in all its persons and both numbers.
Ho, hai, ha; haveino, aveie, hanno : Parlir-o, parlir-ai,

partir-a ; partir-cmo, jMrtir-cte, parlir-anno.

The French future is as evidently derived from the In French,
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l>rescnt of the verb avoir. In the vei-b parler it is Je
parler-ai, " I shall speak," tu parler- an, il parler-a, nous
jmrlcr-ons, votis parler-ez, Us pnrler-ont. These are the
terminations of the present of tlie verb now mention-
ed, J'ai, til as, il a, nous avons, vous avfx. Us ont.

Tlie French language has various modes of expres-
sing futurity hy combinations of entire words into

set phrases. The verb devoir, which signifies to be
obliged from duty, is employed for this purpose, as,

Je doisfaire cela, " I am to do that." The same verb
continues in other instances to retain its full original

meaning. The verb allcr is used for a similar pur-
jjose ; as, Je vais liii rendre mcs respects.

In the English language combinations of this sort

are the only futures, and they are often used in such a
manner as to express something more than futurity.

We have thug a beautiful intermixture of their original

meaning with their modern application. The verbs
" will" and " shall" are most commonly used, but they
are not indiscriminately applied to signify futurity.

Each of these verbs is employed to signify the resolu-
tion of the speaker, or simple Yuturity, according to
certain habits of collocation with certain nominatives,
" Will" in the first person, and " shall" in the second
and third, signify resolution. Simple futurity is ex-
pressed by " shall" in the first, and " will" in tile two
others. The simple future is as follows

:

" I shall," " thou wilt," he will."

" We shall," " ye will," " they will."

The future of determination is,

" I will," thou shalt," " he shall."

" We will," " ye shaD," they shall."

The perplexities occurring in the use of these auxilia-
ries, in consequence of the tendencies of the Irish and
Scotch being different from those of the English dialect,

which is the acknowledged standard, may be avoided,
if we always recollect that it is not the resolution of
the person spoken of that they arc at any time emploj'ed
jjarticularly to express, but of the speaker. " Will,"
therefore, is employed for simple futurity in the se-
cond and third persons, and is even appropriate where
nn event is mentioned that is opposite to the inclina-
tion of the person who is the subject of the asser-
tion. We say, " If you become obnoxious to the crimi-
nal law, you will be punished." The word '' will" does
not here imply intention or even consent, yet it is ap-
propriate, because " shall" would imply constraint or
authority on the part of the speaker. It is also to be
remembered that, in mentioning any thing future with
respect to ourselves, although it should be the effect of
our intention, this does not render it proper to use the
auxiliary verb " will." " Will" in the first person al-
ways expresses emphatic resolution, implying the ap-
prehension of difficulty or resistance from others. If
another has said, " you shall not," a man rephes, " I
will ;" but in expressing the common acts which are to
fill up our future time, we say simply, " I shall go
home," " I shall tell you the whole matter when we
next meet."

_
Hut there are occasions, independently of provin-

cial solecisms, in which " will" may be employed in
the second and third person to express the resolution of
the person spoken of, and " shall" in the fu-st, the resolu-
tion of some other. Observing another person obsti-
nate, we may say, " It seems you will do it, and can-
not be prevented." If another person has said to us,
"You do not admire my friend, but 3'ou shalt treat
him civilly," w« may reply, " perhaps 1 may, but you

Grat
are mistaken in telling me tliat I shall." These last

modes of speaking, however, are awkward, and require

an uncommon emphasis to be laid on the respec-
~

tive auxiliaries, in order to express the full meaning of

the speaker. It is therefore more elegant to employ
more explicit phrases, as, '• it seems you are resolved

and cannot be prevented." " Perhaps I may, but yoa
are wrong in supposing that I nm to be forced."

Our hinguage, like every other, has various words other
and phrases which express futurity along with some- lish ei

thing more, as " I intend," " I am obliged," " I am pressio

likely." We have also a phrase for expressing simple '^^'"'i

futurity in the use of the substantive verb followed by
an infinitive, as " I am to go," " he is to come in my
stead." We have the phrase, " to be about," which
literallj- means to be somewhere in the neighbourhood
of an action, and is by eonventional application ap«

propriated to the expression of nearfuiurily.

5. The other Tenses. "

It is imnecessary to consider particuWly the other Gcnen

modifications of tense, such as the plu-perfcct, and the c'laraci

panlo-post futurum, or to enter on an analysis of the ' '^
"""

phrases formed by the combinations of the auxiliaries

" have," " do," " shall," " will," " had," " did,"

"should," "would," "shall have," "will have," "should

have," " would have," to which grammarians add
" can" and " could," with their combinations. All

these are conducted on the same principles with the v
combinations already explained. *^

Combinations of meaning which are expressed in

our language by the junction of several words, are ex-

pressed in Greek and Latin by means of syllables add-

ed to the radical letters of each verb, and forming with

them entire words ; as amarem, " I should love," awia-

verim, " I could love," or " I would love," (translated

in our grammars " I may have loved,") amavissem, " I

should have loved."

Dr Adam Smith, in the comparison which he makes Dr Smjj

betwixt the ancient and modern languages, considers obscrval

tlie former as deriving, from the use of syllabic variations, "." 'h^'

a jjTcat simplicity compared with those which fulfil the '^"'",' *'

same purpose by means oi auxiliary verbs. He thmks structuii

it more natural, after men possess a word for represent- tiie verii

ing an event, to express the modifications of that event,

in respect to person, number, and time, by altering the

word, or giving various terminations, than by inventing

separate words for the modifications intended. He
considers the formation of a separate word of this kind

in the same light with the formation of the substantive

verb, that is, as a great effort of abstraction, which could

only be the result of refined metaphysical speculation.

His observation, however, loses all force when we re-

collect that a termination is as really a sign as a word
is ; and that the general employment of a terminal

tion or any othet modification, on a number of ana-

logous occasions, is the same kind of mental extrtion as

the prefixing of a sign of this variation in the form of a

distinct word. It is not necessary to suppose that a ge-

neral word in the form of an auxihary verb is first con-

trived and perfected in all its parts, and then applied to

use. It may first be used in a single form suggested in a

mosncnt of need, while we are using the verb descrip-

tive of the event. It may be afterwards readily trans-

ferred to an association with a different verb ; and this

facility of association is the same, whether it is a sub-

joined syllable or a separate word. The distinction be-
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twixt syllables and separate words U probably not fully

' acknowlcdjred till inankind commit laup;uage to wri-

ting. The fuct however is, that verbs wiiicli previous*

ly existed as expressions for separate assertions, are af-

terwards adopteil as aiixiliaries ; a circumstance which
removes still fartlicr tlie necessity of ascribing the in-

vention of tiieni to refined metaphysical speculation.

Dr Smith further considers tljis mode of expressing
the modifications of tlie verb in the ancient languages
as conferring on them a great advantage over the mo-
dem languages in respect of brevity and force. But
this brevity is often a deception arising from the preju-

dices attached to the appearance of written language.
That author adduces as an exemplification of bis re-

mark the Latin word amavissem, which expresses a
modification of thought, which in English requires no
fewer tlian four, being translated by the phrase, " I

should have loved." The English phrase, however, is

pronounced with equal facility and dispatch as the
single word amavissem; it consists of the same number
of syllables, and these have no greater cliaracter of per-
plexity or tardiness in the one case tlian in the other.

The Latin syllables, in this instance, nearly correspond
to tlie separate English words ; am, signifies " love

;"

av, " have" with " ed ;" m, " should ;" and em, •' L"
Hitherto we have been occupied with those parts of

. the verb which serve as the copula in the composition
of a sentence, and which, in technical language, are
called indicatives. This appellation, however, if it is

not a name for a mere form, if it has any scientific

meaning, must be extended to some forms which have
usually been considered as belonging to the subjunc-
tive mood, as they are not confined to the purpose of
subjunction, but sometimes form the only verb in a
sentence : as lUi polius quam alteri creoekem. Ma-
LUERiM te quam nllum alttim imifari. Si cum hoste di-

mieassel PEnnssET. The words here marked in capi-
tals have the full force of the indicative ; that is, they
convey affirmations ; they indicate new connections of
ideas, intended to be impressed on the mind of the
person spoken to. They are therefore improperly dis-

tinguished by the title of subjunctives, if this implies
that they are fitted only to maintain a subordinate rank
in the composition of a sentence. Some further ob«
sei-vations wdl be made on them in the sequel.

Sect. IX. The Suhjunction of Sentences.

Every improved language possesses various contri-

vances for the subjunction of certain sentences to others.

In every continued discourse, some are distinguished as
' of greater importance, and holding a more eminent rank
than the rest. These others may be equally necessary

to the full elucidation of the subject ; but their utility

arises from tlieir subserviency to tlie developement of
the former. Some sentences are preparatory, and con-
tain propositions which are said to be premised. Others
are inserted as constituent parts of more prominent
Sentences. This last operation may be denominated
subjunclion.

A whole sentence is capable of beuig used as a noun,
and applied to every species of syntax competent to the
noun. .Sometimes the sentence retains the same form as
when it stands unconnected. It may, for example, be
made tlie nominative to a verb. This use of sentences is

of frequent recurrence in treating of tlie subject of lan-
guage, as in treatises on universal grammar, in which
sentences as such, are the subjects of discussion. We
c«n make a sentence by conjoining the tliree words

S

4i9
" this is right," and wc can then make it a nomJna'
to the verb " is" by saying, «' This it ri^/U i.i a il.

sentence." We can also make it an accusnlive to the
"""'""'"'

verb " think," or the verb " say ;" " He think* or he
says this is right."

Sentences may also be rendered parts of other sen- Kipedjenu
tences, by means of slight changes on some of the tor indud.
words composing tliem, or by the interposition of other in«onc«eii

parts of speech, contrived either for simple annexation, '«"««'"«l»i»

or for pointing out at the same time the particular re-
•"'"'*•

lation in which the subjoined sentence stands to the
whole.

Subjunction is of two kinds j subjunction to nouns,
and subjunction to sentences.

1. Subjunction to Nottns.

A sentence is subjoined to a noun when it is em- Xature o*
pleyed for the same purposes of amplification or qiiali- subjunctua
fication as the genitive case or the adjective. This is m tl't noufc-

done by using, instead of the nominatives " he," " she,"
" it" or " they," tlie relatives " who," " which," or
'• that ;" as in the sentences, " Men who speak little are
esteemed prudent :" " A man who commits murder
deserves death :" " Men who speak ill of their neigh-
bours are dangerous :" " Men who are capable of hy-
pocrisy are not to be trusted." Here each of the sen-
tences introduced by the relative " who," limits the as-

sertion to a definite part of the general class of beings
represented by the nouns " men," or " man."

It may be objected that the words, " who speak
little," do not of themselves form a significant sen-
tence. If this is the case, however, it depends entirely

on the nature of the nominative " who;" and it may be
remarked, that this nominative has the fuU meaning of
the pronoun " he ;" " he speaks little" is a complete
sentence, though, in order to be made intelligible, it

requires some previous knowledge of the person re-

ferred to by the word " he ;" but the case is the same
with innumerable entire sentences in language. " Who"
implies the meaning of " he,'' and something more ; it

implies a mark that the sentence of which it is the
subject is subjoinetl to a noun, and is thus an entire sen-
tence with something additional.

The author of the article Grammar in the Ency- Analytu of
clopadia Britannica, ingeniously analyses the relative the rcluiTe.

into the preposition " of" preceding the pronouns " he,"
•' she," «' it," or their plurals, or oblique cases. When
thus analysed, this word " of must govern not the pro-
nouns separately, which in fact are sometimes nomina-
tives, but the subjoined sentences to which they belong.

He shews that Mr Harris was deceived in supposing that

the relative might be resolved into tlie third personal pro-

noun preceded by tlie conjunction " and." The phrase
" Men who speak little," may be resolved into " Sfen of
they speak little." Readers who are not accustomed to

such analyses, and who regard the present habitudes of

language as exclusively significant, may imagine that tliia

analysis renders the sentence u. meaning. But, if we
could suppose that the preposition "of were one of those

which govern nouns and sentences indiscriminately,

Vin should find that tlie uncouthness of this paraphrase

does not render it unintelligible. To tlicse the words
" before and after" belong. We can either s.ny " be-

fore his dinner," or " before he had dined." It is suf-

ficiently supposable that our language might have been

so constructed as to put it in our power to say, not

only " the time of diiuier" but " tlie time of he dines ;"

and to say not only " men of few words," but " men cf
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Universal i},ey speak little." In this paraphrase we shall have an
Grammar, intelligent analysis of the relative.

' ~ In sentences thus subjoined, the relative may some-
Varieties in times be the nominative, as in the examples which we

Hon "erf the*'
^^* given ; or it may be the accusative ; or it may be
subjected to any other regimen competent to the noun.
We may say, " A man wliovi the world admires. " A
man whose veracity is unimpeached," or " A man of
whom all are forced to speak well."

It is also to be remarked, that the noun to which
such sentences or clauses are subjoined, may occupy
any place in the larger sentence that is competent to a

noun ; it may form either part of tlie subject, or of the

predicate. We may either say, " The man tvho loves

his country deserves honour," or " the world respects

Cato as a man who loved his country."
When we attempt to reduce sentences to a precise and

uniform theory, the following question will arise. Is
ofassertionj.

jj,g yg^j, -,,,},£„ tfmg subjoined by means of the relative,

actually used for assertion .'' or is it deprived ofthis power
by the relative .' and ought the indicative of the verb

to be on that account considered as applicable to other

purposes besides assertion .' It seems unscientific to

maintain that the verb, separately considered, performs
in this instance a different office, since the whole
change of application is produced by the power of the
relative. It would be most advantageous to consider
the office performed by it in real assertions and in sub-
junctions of this kind as possessing some character in

common, and to consider the modifications to wliich it

is liable as consisting in the differences of the nomina-
tives. If to any of our readers there should seem to

be a gap in this part of our theory, we should be happy
All uses of to have the means of supplying it pointed out. But to
the indica- ^g there appears to be no impropriety in calling this

An asser-

Substitutes

for a sen-

tence as in

d*n ""tna-^
general character by the name of asserlion.

ted asscr- **°" ""^y ^^ ^'^^^ made, and may afterwards be men-
tion, tioned for the sake of reference. An assertion may be

used as the definition of an object. Of this object we
may speak either by a single name, or by usmg the
terms of the definition introduced by the relative
" which." It seems rather incongruous to maintain
that the definition in that case loses its character of
assertion. The most that can be said is, tliat its office

has been previously performed, and that it is now in

this respect dormant. Its adaptation to that original
application, even in the present connection, is certainly
still apparent.

It is worthy of remark, that the place of a sentence
thus subjoined to a noun often admits of being supplied

uoduml'by l^X » noun in the genitive, or by an adjective. The mean-

the relative, '"g expressed by the phrase, " A man who is capable
of hj-pocrisy," may be expressed by the phrase, " A
hypocritical man ;" therefore a new theoretic question
arises, does the adjective " hypocritical" imply the co-
pula used in assertion ? Nay, the whole meaning may
be condensed into a single noun. Instead of either of
the preceding phrases, we may say, " A hypocrite is

not to be trusted." Does tlie noun " hypocrite'' im-
ply an assertion ? Then it will follow, that the office of
assertion is not peculiar to the verb, but is included in
the noun itself. This is so far true, that every nour. is

susceptible of a definition containing the indicative or
asserting form of the verb. A noun signifying a com-
pound idea may be defined by an enumeration of the
parts of wliich that idea consists. A noun signifying
a simple idea may be defined by pointing out the rela-
tion of that idea to various others, whether by resem-
blance, connection, or contrast.

1

In the progress of human knowledge, combina- fniv(

tions and distinctions of ideas are created, which' are Gram

at first expressed in propositions and afterwards by ""^
single words; and these words are not understood till Cause

the processes of thought which gave origin to them, *»"": v

and which were first expressed by asserting proposi- '"^^ '"

tions, are comprehended. Condensed signs, however,
^'™""

are not attached to all the results of these mental pro-
cesses. This is only done wlien they are to be fre-

quently referred to or treated as the chief subjects of
discourse. When only occasionally mentioned, they
are expressed in a more circuitous manner. Instead of
a single word, we on some occasions use a noun with
an adjective, as " an honest man," " a faithful servant;"
or a noun governing another in the genitive, as " a
man of consequence," " a man of probity," " a mem-
ber of parliament." Sometimes tliese modes ofannexa-
tion are accumulated, as, " a wealthy citizen of Lon-
don," " a man of the highest reputation." On other
occasions, when the combination of ideas is less fami- ^»
liar, we describe an object by attaching to a noun a re- fl
gular sentence by means of the relative, thus ; " a man
who has, in a certain circle, the highest character for

understanding."

Sometimes the relative is employed to introduce a sen- Freedoi

tence which is not intended to form a descriptive defi- "s^d wi

nition of any object, but part of a narrative conveying "'« «la

new information ; as, " Peter, who had all the time lis-

tened to my words, now presented himself before me.''

This has the same meaning with two sentences connect-

ed by the conjunction " and," viz. " Peter had all the

time listened to my words, and now presented himself

before me." • The obliquity which this use of the re-

lative produces is but slight, anid promotes an elegant

variety of diction.

2. The Participle.

In the use of the participle we have a method of The \a-

subjoining a descriptive sentence to the noun, which, ciple ui

with respect to briefness and extent of regimen, is in- fp's"''

>

tei-mediate betwixt the use of the adjective, or of the '"'°'

[

genitive case, and that of the relative. It resembles

the adjective in the manner in which it is introduced,

but always follows the particular verb to which it be-
'

longs in the regimen which it possesses as introd^uc-

tory to other words. Hence it is capable of annexing

a train of ideas to the noun. We say " a case bearing

an analogy te the preceding;" " a man possessed of

fine sensibility ;" and, in a mathematical theorem, " the

square of the side of a right angled triangle subtending

the right angle is equal to the sura of the squares of

the other two."

After the remarks which we have made on the pos- Analy al

sibility of resolving the meaning of any noun into a *e pa

a definition, we can have little difficulty with the par- "^'P'**

ticiple. It is obviously resolvable into an indicative

sentence introduced by the relative : " A man walking"

is resolvable into " a man who walks."

A designation formed by the annexation of the par-

ticiple to a noun, differs from the use of a noun which
contains the whole meaning, by approaching nearer to

the form of assertion. It prominently exhibits the ana-

lysis of that meaning which in the corresponding noun
is more condensed, and, like the relative with theinii-

cative mood, it enables us to extend considerably our

specifications.
_ ^^

The participle may, like the relative and the indica- ^^^ ^
live of the verb, be used for immediate assertion, a? the pa-

ciple;

I

Free""*

I
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1 ticipic

i -rf always

A-

well as for definition. Thus Hume says of Charles V.
" At last the emperor, dreading a general combination

against him, was willing to abate somewhat of his ri-

gour."
We formerly observed that the indicative mood of a

verb might be resolved into the participle with the co-

pula : that " he walks" might be resolved into " he is

walking." And we have now remarked that the par-

ticiple may be resolved into the indicative mood in-

troduced by the relative; that " a man walking" might
be rcsolvecf into " a man who walks." The indicative

is of earlier origin, and therefore less complex than the

participle. The participle is an ulterior accommwla-
tion in language, though, when once contrived, it has
in some respects no greater complexity than an adjec-

tive, or the genitive case of a noun.

Participles are varied in their form and meaning, as

they often express something more than tl»e subjunc-

tion of the general meaning of a verb to that of a noun.

They are employed to express time, and also to give ei-

ther an active or passive character to the object ex-

pressed by the noun.

There are in most languages two participles, one of
which has been called the present participle active,

and the other the perfect p;irticiple passive. The for-

mer is distinguished in English by the termination
" ing :" the latter, sometimes by a change in the vowel
of the verb, but most frequently by the termination
" ed."

The participle in " ing," however, is often used
without any implication of tense, and therefore may
be applied to the past or the future, as well as the pre-

sent. VA'hen we say " Yesterday, the public attention

was excited by an aeronaut ascending ;" if the word
" ascending" were necessarily present, it would con-

tradict the expression of past time contained in the

verb " was." Grammarians avoid that absurdity by
observing that the act was present at the time express-

ed by the verb, and therefore may be mentioned in the

present tense, as the principal verb of the sentence

gives its own tense to all the subordinate words. But
this statement will not apply, otherwise we might as

well use the expression, " The public attention was ex-

cited by an aeronaut who ascends," or " who is as-

cending." And we might say, " I thought that he
ascends in a beautiful style." These phrases would be
condemned as not only chargeable with bad grammar,
but with incongruity and absurdity. It is tlierefore

nccessar}' to allow that the participle in " ing" is not
restricted to any tense.

This participle, though generally active, is not con-

fined to that voice. It is passive in such phrases as

the following. " The house is building." " I saw a

man carrying to prison." " I heard of a plan ybrm/ng
for his rescue." " A large sum of money is owing."

The French sometimes use the passive participle du
on the same occasions on which the English use the
word " owing."

The participle in " ed," and others called perfect par-
ticiples, belong essentially to the preterite tense. But
with respect to voice they are not exclusively passive.

The words " gone," " landed," " departed," " strayed,"
" deciyed," " well behaved," " drunk," " mistaken,"
are active participles. The participle in us corresponding
to It in Latin, is also sometimes active ; as in lacitus
" silent." Although these words may appear to ex-
press quiescent qualities, they are such qualities as the
action produces in the agent and not in an object acted
on.

3. SubjuttctioH la Verbt or to Senlencei.

An assertion is sometimes employed for the purpow
of being subjoined to a verb. This is for the moet
part effected by the interposition of the parts of speech

commonly calle<l conjunctions, and which are to be con-

sidered in the sequel under the name of sentential pre-

positions.

Some assertions introduced in this manner are sub-

joined to the verb by a regimen bearing an exact re-

semblance to that of a noun governed in the accusative.

The conjunction " that" is indeed interposed ; a word
not expressive of any particular relation, but merely a
general sign of subj unction. Its sole office in this ap-

plication is to shew that the sentence which it introdu-

ces is subjoined. It is ingeniously and justly consider-

ed by Mr Tooke as the same word with the pronoun or

adjective " that." Tlieir identity of form is not the ef-

fect of accident, which sometimes produces an ambi-

guous coincidence in signs which are of different origin

.

and intended to perform totally different offices. This

is merely an instance of a word single in its origin

and meaning, and applied on different occasions. It

is in fact an adjective, agreeing with the sentence as

a whole. In the sentence " I believe that he is come,"

we take the subjoined part " he is come" as an ob-

ject, and say with respect to it " I believe that"

Hence it is in Latin quod, which is also the relative; or

uti, or ut, which Mr Tooke with great probability de-

rives from the Greek word. on. This last is closely

connected in its etymology with the article i, li, to, and
the relative if, i, it, and is in reality the neuter gender

of irii. The circumstance of being made introductory

to a sentence is a variety of application. Hence it

is on some occasions of this sort subjected to a varia-

tion in its form. When placed before a sentence, it

is commonly called a conjunction, and thus is ranked

along with some other words which have a similar

destination. This fonn of subjunction is extremely fa«

miliar in all sorts of language, colloquial, historical,

and poetical. " I hope that you are well." " The
general saw thai the enemy was too powerful for an at-

tack in the open field, and concluded that it would be

more prudent to harass him by the well-timed opera-

tions of partisans." In our language the conjunction is

sometimes dispensed with : as, " I hope you are well."

All these instances, whether introduced by the word
" that" or not, as well as tlie corresponding ones in La-
tin and Greek, are placed in the same situation with a

noun in the accusative. Thus in the following Latin

phrases, the verbs dicif, vtdt, and timet, have the same
regimen. Quiddicil? Dicilne nihil? Dicit quod sapis.

Quid vult ? Vull ut hue venias.—Quid timet ? Timet

ne disccdas.

This mode of subjunction is sometimes performed by
the infinitive of the verb. " I suppose him to be sin-

cere" is equally good English with " I suppose tliat be

is sincere." In Latin it u far more common. Dicil le

sapere is more agreeable to common use than Dicit

quod tu tapis. This interchange of phraseology will

be more particularly illustrated under the head of the

infinitive mood, which will be delayed till we have fi-

nished the consideration of some other parts of speech

subservient to tlie same end.

Sentences are also subjoined to verbs by the medium
of conjunctions signifying particular relations. Some
of them express hypothetical representation, as "if,"

" suppose/' " provided ;" others causation, as " be-

Unirtnil
Cnunmw.

Subjuiiction

to TerlMbjr

conJuDcdaa.

Meaning of

the gcneni
conjunction
" Oax."

Subjunction

by the infi-

nitive.



432 GRAMMAR.
cause," since " others concession, as " though," "grant-
ing j" others time, as " while," " when," " after," " be-
fore;" others alternation, as " whether," and " or," (not

I r con'""'
*''^^*™^ application of the word " or" which is made of

Uiiivi

Gram

lir conjunc-

tions

Tlie sab-

junclive

jhockI va-

ried in its

meaning.

vel in Latin, Imt one corresponding to the Latin an.")

These words, like the preposition, are interposed be-
twixt the verb and the words standing for the govern-
ed object, and they express a specific relation of the
one idea to the other. They bring along with them
various modifications ofthe foitn of the verb which they
introduce. These will come into view under the next
head, the Subjunctive Mood, which has received its

name from the frequency with which it is thus appli-

ed. We shall naturally be led to inquire into its vari-

ous forms and uses as compared with those of the indi-

cative, and thus trace the comparative adaptation of
both to thepurjioses of subjunction.

4'. The Subjunctive Mood, and other Forms of the Verb

allied to it.

TuK moods of the verb are different in different lan-

guages. Sometimes a mood in one language com-
preiiends two or more of those in another. One of
the most frequent is the subjunctive, such as it exists

in the Greek, Latin, and French languages. In the

as the indicative,

The various ap-

Tlie indie*,

tive may be

tised sub-

Iiinctivcly.

English it is sometimes expressed
sometimes by means of auxiliarieSc

plications of it, and the variety of translations which
its parts receive into English, as adapted to the occa-
sions on whfch it is used, render it a matter of some
interest to discover what properties are common to it

on all occasions. It so happens that we have exactly
that nmnber of varieties of it in Latin which corre-
sponds to the number of the tenses in the indicative,
and hence they have been distributed into tenses under
the same names ; the present, the preter imperfect, the
preter perfect, the pluperfect, and the future.

This mood has been called subjunctive from the cir-

cumstance of its being used in assertions which are sub-
joined by the relative and by various conjunctions. But
this office is not peculiar to this mood. It is sometimes
performed by the indicative preceded by the relative or
by some of the conjunctions, such as " before," " af-

ter," " when," " where," " while," " if,'' and the words
by which these are translated into other languages. On
some occasions of subjunction the two moods are used
indiscriminately ; Si hie adest, and Si hie adsit, are equi-
valent. We also say. Qui vinum amant, or, Qiii vinum
ament.

It is equally true that the subjunctive mood is not
restricted to this office, but may with equal propriety
be on certain occasions used indicatively, that is, for
expressing the leading assertion in a sentence ; as. Si
cum hoste dimicdsset, i-eriisset In this instance, the
subjunctive mood in Latin when used subjunctively
is translated into the English indicative, " if he had
fought with the enemy," whereas that which conveys

. - the assertion which is the ultimate object of the sen-

ITsh lan-"^
tence, receives a peculiar translation by means of the

gjiage, auxiliaries " would have :" periisset " he would have
perished." This is remarkable in most instances,
though not in all, of the translations of Latin sub-
junctives into English. When used subjunctively, they
are translated by the English indicative; when used
indicatively, they are translated by a peculiar phrase-

juecti^' "^'hey are translated indicatively, when introduced by
translated the M'ords, qui, quoniam, cum, ijumqiiam, si, elsi, quasi.
indicatively.

And tlie

kiibjunctive

indicatively.

Pcniliarity

This takes place in all the tense* : «i venias " if you
come ;" si venires " ifyou came ;" si veneris " ifyou have
come ;' si venisses, " if you had come ;" si veneris " if ~ ^

you shall come."

On some occasions they are translated into English by gometi
peculiar auxiliaries. Uti or u(, and ne, are the words by am
wliich chiefly give rise to a translation different from "es.

the indicative in the subjunctive mood which they in-

troduce, and this takes place only in the present and
preter imperfect : ut eas " that you may go ;" ut ires

" that you might go." Yet uti appears to have originally

been equally extensive in its meaning with the word
" that," by which it is translated. It is not merely
applied to denote the purpose of an asserted event,

but to intimate other forms of subjunction : as odisli

tit amas, " you hate as you love ;" ut veiiiehat " as he
came," or " when he came." Ut with the present and
jjreter imperfect subjunctive, (as ut avtet and ut ama-
ret,) may be supposed to have been originally fitted

for any general subjunction, and afterwards applied to

express the subjunction of a purpose ; or, ut may have
been adopted for variety as a sj'nonymous word with
quod, in order to introduce a more special phraseology

by performing a certain department of the same office.

Ut vcnias may originally signify " that you come,"
and may be used as a noun in the ablative. Qiid causd

hoc mihi dixisii ? Hue eausd, ut iterum venias. In Eng-
lish, the same word " that'' by which quod is trans-

lated is on such occasions used for translating ut, but
the verbal expression is then varied by the introduction

of the auxiliary " may." The production of the effect

is expressed by the production of the potver. This is

sufficiently natural, as the effect implies the power.

It is an accidental pleonastic idiom, probably adopted

for the sake of distinguishing this form of subjunction

from the form of it expressed by the particle " that''

with the simple indicative.

The same observations apply to the introduction of

the imperfect subjunctive in Latin, by means of the

word ut. It gives the verb the same relation to the

past which the former gives it to the present. It ex-

presses the purpose, and it is to be remarked that in

both instances it renders the verb in the subjoined

phrase significant of something subsequent in order and
m time. The tense called the present subjunctive when
introduced by ut is futiu'e, and the imperfect expresses

sometliing subsequent to a past event.

The present and the future subjunctive are sometimes Latin if

used imperatively: as,audicnl maim sermoncm, "let them junctivi

hear my discourse ;" doceas Jilios sapientiam, " teach "^^ I,*

your sons wisdom." These have every appearance of ^|

being instances of ellipsis, in which obsecro or precorte

ut is understood. The Italians often use the itifinitive

imperatively ; as non slriiigere la mia mano cost, " not

to grasp (that is, <' do not gi-asp") my hand so tight."

This part of the verb expresses tlie simple act, or a con-

nection which may be subjoined to another part of

speech; and custom assigns to it the additional circum-

stances conveyed, as suited to the different occasions on

which it is introduced.

The future subjunctive is applied imperatively, most
probably on the same principles as the future indica-

tive, and it is oi\en translated by that part of the Eng«
lish verb ; as ne occideris, " thou shall not kill." The
Latin phrase has however the additional advantage of

being originally subjunctive, and thus possessing the

same fitness to be used imperatively by ellipsis as the

present tense of the same mood. Iniiei-t

All these teiisea are tUso occasionally used indicative- use oite

subjuiW
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the

\y, and the application of them is so contrived that they
express sonic modificution of the simple assertion.

This more rarely hnjipens with tlie present than
with the others. Yet wo have instances of such an ap-
plication, 'rhu.s^ in the ninth book of the jEneid, Nisus
says to Euryalus,

SI qiiis in adversuin rajiiat casusve Dciisve

«' If chance or Providence should render the enterprise

unfortunate, I wish (or I should wish) j'ou to survive."

In like manner, in the 7th book, Juno dismissing
Aleeto from the superior regions, says,

Te super (etfiereas errarc licenlius auras
Ilaud pnter ipse veut summi rcgiiator Olytnpi.

This part of the subjunctive, when thus employ-
ed, is translated by the auxiliaries, " can," " may,"
" should," and " would," and generally refers to fu-

ture events.

The preter-imperfect subjunctive, when used indi-

catively, is translatctl by " should" or " would." lUam si

amaret, in vtatrimonium dlcbret, " If he loved her, he
would marry her." The prcterperfect is used on similar

occasions, and translated in the same manner. Ma-
LUERIM ilium qttam ullum alinm imilari, " I would rather
imitate him than any other man." It is a remarkable
circumstiuice, that these three subjunctive forms, called

the present, the preter-imperfect, and the preter-per-
fect, when used indicatively, are often applied to the
future. This cannot be considered as accidental ; for,

when translated into the English language, which ad-
heres to no fonn of expression as an appropriate version

of the Latin word, but varies it as occasion seems to re-

quire, they retain the form of the past tense " would"
and " should," even when the event spoken of can apply
only to the future. It might therefore seeni interesting

to inquire what peculiarity the meanings of these ex-
pressions have which should render them analogous to

the past tense. We clearly see that there is a founda-
tion for such an inquiry, when we advert to the import

'' of some English phrases. " I may go," and ' I might
go," are radically future in their application. " I should
go," is equally future with " I shall go,"though not other-
wise synonymous. " I can go," and " I could go,'' are

also future as applied to the verb " go." The analysis

ofthese phrases is comparatively easy, as they consist of
auxiliaries. We at once recollect that the future ofa verb
may be expressed by the present ofa verb precetling it

signifying preparation for futurity ; and, as the present
is only one instant, and therefore has been said by some
metaphysicians to have no existence, we consider it as
including some adjoining portion of time, (most gene-
rally a part of the past,) at least as great a range as give*
us scope for that short exercise of memory which we
confound with consciousness, and which is necessary
for reviewing any event and enabling us to describe it.

There seems to be no impropriety in describing by a past
tense a present action at least that is to be discontinued.
If the present may be thus delineated, it follows that
the verb preparatory for the future may also be used
in the preterite tense. "I might go" is future as ap-
plied to the verb " go," though the preterite of the verb
" may." For the purpose of tracing the source of this

phraseology, it is of importance to observe that "may"
and " mijalit," which are dillerent in their own tense,
impress different characters on the future event which
they are employed to introduce. Both of ihem express
an uncertain or conditional futurity. But " may" sig-

VOL. \, PART III
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nifies a state of greater preparation, and cxpretten n be-
lief in the probability of the coi '"K obtair-cd,

and the consequent contingency ' p. " ! may ~ f^
if you will," expresses greater rr ;lit

if you would." The latter phr; iiig

way of intimating that we are partially prepare<l, on
which account it would on some occasions be reckoned
less polite

; or, signifies a hesitation originating in our
modified hopes respecting the condition, and then it in n
more diffident manner of making a proposid. Rut the
question recurs, why should the past tense be preferred
for this uncertain mode of speaking of futurity ? We probable
should be happy to present a satisfactory solution of that origin of

problem. Although we had none to offer, we should thi» phnw-
have thought it unfair to decline stating the query. I'er- ologJ-

haps this foitn of expression is used, because these un-
certain expectations consist of images which possirss the
same sort ofdimness with any object which retires to a
distance in time or place,nnd consequently with an event
which fades from the view by taking its place among
ideas of distant recollection. Or, if tliis explanation
is objected to as a refinement too subtile to have given
origin to expressions so common, perhaps the choice of
the past tense of the auxiliary on such occasions has
proceeded from its signifying that the state of things

preparatory for the future is discontinued : this want
of extension to the present may conventionally be held
equivalent to a less confidc-ut mode of representing

a contingent futurity. But, though this explanation
of the English phraseology now imder review should
be thought in some degree plausible, it might still be
asked. How are such principles to be ajiplied to the Kpccula-

Latin subjunctive tenses? Do these tenses imply in tiom on the

their etymological structure all the force of the Eng- subjunctiire

lish auxiliaries ? Did they possess that force in the
intentions of the persons by whom they were first em-
ployed ? Or are they mere general modes of stating a
connection of ideas applicable to conditions and otlier

subjunctions, as well as to conditional assertions? The
difference betwixt these two methods of explaining them
is perhaps merely verbal. If the subjunctive is an in-

strument intended to be applied indiscriminately to all

connections of ideas whether actual or hypothetical, the

purpose fulfilled by it is the same, whether it consists in

the want of some character belonging to the indicative,

or in the possession of a superadded character, inclu-

ding the meaning of an additional sign. Even if it were
acknowledged to be of subsequent invention, and on
the whole more complicated in its form than the indica-

tive ; this is to be accounted for, not by its expressing

more ideas, but by its later use as applietl to the pur-
poses of human language. The English auxiliaries

express something indefinite with regard to the events

described ; and the same thing is done by the sub-

junctive foiin of the Latin verb. But the variety of
the English auxiliaries, as applied to translate the same
Latin word, leads us to regard the Latin suiijiinctives

as of less special meaning, and therefore partaking

more of the character of general marks of annexation,

which admit of being applied to a variety of purposes,

the particulars of which are left to be inferred from the

tenor of the discourse. If we knew the etymology of

the ancient subjunctive forms, some light would be
thrown on their history, but very little on their intrin-

sic nature. Words derived from the names of particu-

lar kinds of objects often become much more general

;

and, though they receive subsequent limited applica-

tions which render them again particular, they do not

denote tlie same kinds of objects by which they were -

3i

mood in

Latin.
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Cniveml first suggested. The expedients adopted for varying
Grammar, general signs, and fitting them for expressing different

^""^r"^ particular meanings with precision, are entirely arbitra-

ry, and often consist in an advantage taken of acciden-

tal original synonymes. This last stage of variation is

that which lias given the Latin language the form in

which it is found in the writings of the classics. The
varieties of phrase are not in general founded on corre-

sponding differences in the direct etymological origin of

the words. The indicative uses of the subjunctive mood
therefore may on the whole be considered as elliptical.

Indicative The pluperfect subjunctive, when used indicatively,

use of the expresses a conditional assertion concerning the past,

pluperfect. "Tiiis jg the meaning of it in the example already men-
tioned, periissel, " he would have perished." Some-

times it may be translated by " ought to have." Thus
in the fourth book of the .feneid, after Dido's volun-

tary death, her sister says, eadetn me adfata vocasses,

" You ought to have invited me to share your fate."

This is a conditional preterite, and may be considered

as implying, " If this had been the character of past

events, all would have been well." The past is sub-

joined to an implied regret, and resembles such an el-

lipsis as tlie following English phrase. " If I had but

seen him before he died !"

<fhe future. The future subjunctive is justly considered as differ-

ing slightly in tense from the future indicative, by ex-

pressing the " future completion ofan event.'' But it is

not on that account deprived of the peculiar character

of the subjunctive mood ; nor can we think, with some,

that it differs from the future indicativein' tense alone. It

is not used, in general, for the simple and unconditional

assertion of this species offuturity. It is not probable, for

instance, that it would be used for expressing the asser-

tion in the following sentence :
" As soon as you have fi-

nished your letter, I shall Imve finished mine." That the

tense in this sentence may be literally expressed in Latin,

the passive voice is preferred, as it supplies an indicative

tense of this sort by the combination of the future in-

dicative of the substantive verb with the past partici-

ple. Q,uiim literas liias scripseris, mew elium finitvE

F.nuNT. This combination is denominated in our gram-
mars a future subjunctive of the passive voice. The
cause of this denomination is, that it is similar in tense.

^» It unquestionably belongs to the indicative mood, while
the others coupled with it in our grammars are subjunc-
tive. The future of the subjunctive is indeed like its

other tenses used indicatively ; but like these others it

is limited to uncertain and hypothetical assertions.

The subjunctive mood of the verb is on the whole a
generic form applied chiefly to two less general uses, viz.

subjunction, and the assertion of uncertain or condition-

al connections betwixt different objects. The property
which these two uses of the verb have in common is

Vseofthe uncertainty. There is one use of this mood which we
subjunctive have not hitherto njeiitioned, as it did not require to be
;ii interro- separately illustrated, to wit, interrogation ; as in this

phrase, An sit quies sceleruto ? This will be considered
as an instance of subjunction by those who allow, what
we shall afterwards more fully state, that an interroga-
tive sentence implies the imperative of the verb " to tell."

Quis est signifies Die mihi quis est. From this it fol.

lows, as well as from the obvious nature of a ques-
tion, that uncertainty is also involved in that applica-
tion ot the subjunctive. Its imperative application has
been already stated to be an instance of subjunction by
ellipsis.

Dro'/e-
'" ^^ Gregory's memoir On the Theory ofthe Moods

gory. of Verbs, contained in the 2d vol. of the Edinburgh Plii-

ibsopbical Transactions, there are some apposite obser-

\

vations on the application of the subjunctive mood to a fnivm
great variety of phrases mutually analogous, which had Graran

occasioned some difliculty. That author considers the """^
moods of the verb as formed for giving a direct repre-

sentation of the feelings, intentions, or present actions

of the speaker, and resolves them into a variety of affir-

mations in the first person singular. Oro orjnheo is,

according to this theory, implied in the imperative ; dico,

in the indicative ; opio, in the expression of wishes, and
a variety of others on different occasions as suited to the

various applications ofthe subjunctive. From tlie great
diversity of feelings antl purposes which may actuate

a speaker, he infers that the real moods are too nu-
merous to be expressed by separate modifications of the

verb without rendering language cumbersome and com-
plicated ; but that those which are most common are

expressed in this manner, for the sake of giving a con-
densed force to the utterance of human thought.

The view which we have given of the moods of verbs, General

and of language in general, differs from the principles observa.

now mentioned. We have considered language as not ''""* ""

originally directed to the object of expressing sponta- "S"™"

neously and naturally our own thoughts. It executes

our purposes, by arranging the signs of tliought in that

order which is in our opinion best fitted to influence

another person ; an object which may be sometimes most
successfully accomplished by concealing our own senti-

ments. To express our mode ofthinking is indeed a very
frequent object of language, and n.'iturally has certain

contrivances adapted to it ; but to tell that we are speak-

ing or asserting, seems to con.'-titute no part of its object

in addition to the use of the signs fitted for performing
that oflice. The author, therefore, acknowledges that

his principles have not so full an application to the in"

dicative as to the other moods.
With whatever degreeof vehemence or ofdelicacy men

wish to express their feeling.s, they are provided with
means adapted to their object. Significant gestures and
tones independent of language may be employed. When
it is thought proper to exhibit the same animation in the

form of written language, syllabic imitations of involun-

tary exclamations arecommittcdto writing, and are after-

wards emplo3'ed by rule. We sometimes execute the

same purpose by placing our communicable ideas in such

a point of view as tends to produce in others the feelings

which occupy our own minds, .sometimes by describing

in more deliberate and explicit language the manner in

which we are affected. Language is on other occasions

fitted for expressing the feelings of the speaker by el-

liptical turns of phrase, in which more is at first meant
than is verbally stated. These phrases are afterwards

appropriated to the expression of specific feelings.

Moods of the verb which were originally of a more ge-

neral meaning may, by transpositions of words, or by an
abruptness in the manner of their introduction, be sub-

jected to such diversities as to become characteristic of

the most vehement, the most rapid, or the most subtile

modifications of sentiment. For example, instead of

telling that we wish for the occurrence of a particular

event, we may express the ardour of our wishes by the

exclamation " oh." " Oh that he would return !" Or,
without such an exclamation, we may say, " That be
would return !" or, " "I'hat he would but return !'' The
Romans may be supposed to ha\e at one time been ill

the habit of using the word uti in this manner, Uti re*

diret ! But, as this might have been ambiguous from be-

ing too genera), and might be supposed by the hearer to

signify some purpose entertained in the performance of
another act, as, titi rrdirel, letiiam cijyoUiciti stmt, another

particle nam is introduced to indicate that this kind of
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event is abruptly mentioned as an object of the wishes of

the spcakiT. It tnsy not be easy to shew why a par-

ticle equivalent to the English word " for" was prefer-

red to any other ; but, when habitually used in this

connection, it becomes appropriate. It is thus that «/«'-

tuim becomes e(juivaKnt to " oh that," or " I wish that."

The (ireeks have an optative mootl adapted to the

expression of wishes, though it appears not to be ap-

plied exclusively to that object.

The brevity and force thus created by means of the

moo<l8 of verbs are effects of the contrivances of lan-

puap;e which abound in all the different parts of speech.

When a combination of ideas or an assemblageofthoughts

or feelings liecomes habitual, it receives an appropriate

condensed expression. We complain of tediousness when
an idea which might have been expressed by a single

word or a short phrase is slowly brought out by means
of a long series of words or of sentences. But when
we have an unusual assemblage of ideas to express, no
circumlocution is to be spared which may be necessary

to give our language perspicuity, and the beauty of fe-

licitous contrivance is often conspicuous in the inven-

tion of means for exhibiting thoughts which servile

imitators would either not have conceived, or not have
attempted to express. I^anguage is happily used, where
those phrases and words which are rendered intelligible

and appropriate by establishetl usage are employed ju-

diciously for expressing complicate<l ideas. They may
be placed in a connection with each other fitted to cre-

ate combinations which are still more complicated, and
pos'sess a character of novelty which is rendered ncces-

K.iry by the purjwse ofour discourse. In fine, the skill

ofa writer may occasionally be discovered by the use
of simple signs, in such a fortunate succession as to ex-

press, apparently by accident, some novel but well de-

fined state of feeling and of thought. The expedients

suited to these purposes are therefore not confined to

the use of jiarticular moods of the verb, and the act is

not cltaracteristic of their nature.

5. The Infinilive Mood.

We had occasion, in describing other parts of speech,

to mention the Iiijinitive of the verb. We observed,

that it is not an original word, nor the earliest form
of the verb, but consists of the imperative in compo-
sition with a sign derived from some different source.

Jn explaining the uses of the subjunctive mood, we
observed that in the Latin language that mood with
the intr<Kluctory particle vl may have its place sup-

plied by the infinitive. Votehat ire is equivalent to I'O-

lelmt III irel. We shall now inquire more particularly

into its nature and uses.

Both its etymology and application shew that it ex-

presses merely the sf>ecific idea conveyed by the parti-

cular verb to which it belongs, in such a way that it can
be used as a noun by becoming the subject or predi-

cate of a sentence, or part of eitlier. It does not, like

tfie indicative, appear to contain the copula, except when
substituted for that mood by ellipsis, as it frequently

is by Sallust and other authors in depicting scenes of
bustling activity or striking interest. Hence it has
by some been denied the pro^ierties of the verb, and
considered as in all respects nothing more than an ab-
stract noun. It is formed in Latin by adding to the
radical letters of the verb, as existing in the imperative,
the termination re. From ama we havenwi«-r«; and
from ilooe, doce-re.

This termination, being identical •with the radical

letters of res " a thing," seems to be exactly the same
original sign, and in this application it retains the same

meaning. Ama signiltes " love ;" ama-re, " love-thing," Ifnircrui

i. e. " love" considered as " a thing,*' or object of G'«">inar.
^

thought. In English the infinitive consists of the ra-
'*"~*'""^

dical letters of the verb precetled by the word " to;" aa
" /'( love" and " to teach." Mr Tooke considers the in-

finitive as possessing the character proper to the verb,
though he does not tell us in what this consists. He
describes the word •' to"' as having the power to confer
the verbal character on a noun. At the same time he
considers it as originally the same with the verb " do,"
and as meaning " act," " effect," or " consummation."
These suggestions are extremely obscure. It is not easy
to conceive what influence the additional idea of" effect"

or " consummation" could have to impress the character

of a verb on a word which is otherwise a noun. We must
therefore leave the opinions of that author in the same
ambiguous state in which we find them. On some occa-

sions in the English language this prefixed word is dis-

pensed with. As " we saw him go away," and " we bid

nim »m/etou8when he arrived at theend ofhisjourney."
In whatever light the infinitive mood of the verb may
be considered, we find that this form of it, as existing in

the English language, has the same meaning and uses

with the words formed by such terminations as the Latin

re, and receiving the same appellation in other languages.

The following is the question which claims our pre- In it a noon
sent attention. Is the infinitive mood of the verb pro- or a verb »

perly and in all respects a noim ? Is amare " to love,"

for example, a word of the same signification ^nd uses

with a?nor amoris " love?"

We shall obtain the most advantageous view of the

nature of this part of speech, by taking in detail a sur-

vey of the circumstances in which it resembles the

noun, and those in which it deviates from it.

It resembles the noun in being used as a nominative It roinddsi

to a verb ; as in the following Latin sentence from Ci- w'**" 'h*

cero, as well as in the translation of it into English :

Loquor de docto homine el eriidilo cut pifebe esl cog/-

T^^RK. " 1 speak of a man of learning and erudition

for whom to live is to think." It is also, like the noun,
capable of being govemetl by an active verb ; as 06/«-

tus est scRiBBRE, " He has forgot to write." On some
rare occasions in the Latin language, an adjective is em-
ployed to agree with it as with a noun. Thus Cicero

says, Ciiin viyERB ipsum ttirpe .tit nobis ; also, Tolum hoc

dispticct PHILOSOPHARI. Persius says, Vr.LLEsuum cttique

est. Petronius, Meum intelligere niilld pecuiiid vendo.

In these instances vivere is used in the same manner as vi-

ta ; velle as voluntas ; philosophari asphilosoplialio, if such

a noun existed ; and inldligere is used as intetlectum,

the accusative of the noun iittellectus. Sometimes it is

employed as the genitive of a noun ; thus Cicero says,

Temjrus est abirk, A phrase equivalent to tcmput est

abeundi. Sometimes as an ablative. Thus in Plautus,

Ego sum defessus reperire, vos defes.si qu.erere.

In other respects, however, it differs from the noun. Bat diAn
The concordance of an adjective with it in the manner from it in

now mentioned is a rare occurrence even in the Latin ot^en.

language, and does not take place in the English and
others. The additional idea which the adjective would
express is connected with the infinitive by a different

sort of syntax. In Latin, meum intellectum, or meant

intclUgentiam is more consonant to general usage than

meum intifligere. We should not in that language say

bonitm inieliigeTe. If bonus were employed, it would
be along with intelledus or some other noun; and,

if the infinitive inteltigere were employed, the additional

idea would be conjoined by means of a part of speech

which we have not yet considered, the adverb ; in this

instance, hen^ intrlligrre. In English we should not

say, " my to understapd," but " my understanding^;''

noun in

some uses:
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Univewnl nor " a good to understand," but " a good understand-
Gtamnv.t. [ap:," or " to understand well."

When an agent is mentioned along with an action

in the infinitive, it is not in the form of a noun in the
genitive, as it would be if the act were expressed by a

noun. We do not say illius amare as we should say

illius amor. Nor is it put in the nominativie. Though
we say ille amal we do not say tile amare. The syntax
of the infinitive is in this instance peculiar ; the agent
is put in tlie accusative : Ilium amare. This arrange-

ment does not arise from the regimen of a preceding
word expressed or understood governing the noun in

the accusative. The combination of the noun in this

form witli the infinitive sometimes constitutes a phrase
which is used as a nominative to a verb. In the Greek
language tliis combination is sometimes even used as a

noun in different oblique cases in which it has an ad-

jective agreeing with it. Thi/s Anacreon says,

Xvi Til^ Js niNEIN "HMAS.

The accusative here only intimates that the noun
and the infinitive occupy the place of a subjoined sen-

tence. In English, when the plirase is to be employed
as a nominative to a verb, we use the noun preceded by
the particle " for," which may be reckoned equivalent

to an oblique case in Latin. We sa)', " far a man to

tell a lie is a sign of cowardice." We sometimes find

this differently expressed in low and provincial dialects.

" To," for example, is employed instead of " for ;" as,

" To tjoii to deceive me was unbecoming." At otiier

times the nomi in the objective case is used without
any preposition, as, " But him to think that he was
entitled to any credit was ridiculous."

its coinci-
When an object acted on is mentioned in connection

dence with 'with an act expressed by the infinitive, or when the
theveib. name of an object referred to, and usually governed

by a verb in some oblique case, is introduced, it is not
put in the genitive as when it follows a noun signify-

ing the same action. In this respect the infinitive re-

tains the regimen of the verb to which it belongs. We
say amor tixoria, for " the love of one's wife," or, if the
person entertaining tliis affection is already mentioned
in the genitive, the object of it is introduced by a pre-
j)osition in such a phrase as amor illius erga uxorem.
But when the infinitive amare is used, it governs uxo-
rem in the accusative. We say, Illutn amare uxorem,
" for him to love his wife." Sometimes an ambiguity
miglit thus be created, because both the agent and the
object are mentioned in the same case, and, on account
of the common practice of inversion in the Latin lan-
guage, the order in which the words are placed does
not strictly follow that of their syntax. Hence the
ambiguity of the famous response of the Pythian oracle
to Pyrrhus, Aio te Romanos vincere posse, whicli admits
of being translated, " I say that you can overcome the
Romans," or " I say that the Romans can overcome you."
In general, however, the connection renders the mean-
ing of such sentences evident, and their perspicuity is

assisted by the name of the agent being placed before the
infinitive, or nearest to it, while the accusative signify-
ing the object acted on either comes afler, or is at a
greater distance before it. The same thing takes place
in the Engli.sh language, although in it the infinitive
differs a little in its mode of formation, as it consists of
the prefixing of a separate word. When we use the
noun " desire," we say, " the desire offood," o/moneij,"
or " offame." But " to desire food, money, or fame."
The production of this mode of transition seems to us
to be the, great power, .c^nftyred on a noun by the word

•• l(id
"

" to" prefixed as the sign of the infinitive. In this IJiiw

therefore, according to Mr Tooke, the nature of a verb ^"""«

should consist. It might appear, however, that this is
"""''

not common to all verbs, and therefore is not the cha-

racteristic circumstance which, wlien added to a noun,
makes it a verb. In neuter and intransitive verbs it

scarcely appears. Yet it is not always lost even in these.

Every verb admits of a transition of discourse to some -M
other ideas expressed by nouns, if not by direct regimen, ]
yet through the medium of prepositions, and this is ge-
nerally more or less altered when a word from being a
noun receives either tlie form of assertion so as to be- J
come a verb, or is transformed into that part of speech ^
called the infinitive of the verb. Let us take, for ex-
ample, the word " struggle," which is used both as a
noun and as a verb. We say, " his struggles were
strenuous and incessant." When we use it as a verb,

we say, " he sti'uggled with a powerful antagonist." We
often also use such expressions as, " His struggles with
his antagonist were obstinate." But in this last phrase
we are conscious of a slight defect ; and, although the
brevity and manifest meaning of it may in general
enable it to pass without censure, an accurate writer

will prefer the introduction of a verb for the purpose
of completing the series of words demanded by the
syntax. It will be felt more strictly agreeable to the
import «f the different materials of language to say,
" the struggles which he maintained with his antago-

nist were obstinate." It is also to be remembered, that

even the least transitive verbs differ from nouns by
having all qualifying ideas conjoined with them not by
adjectives but by adverbs, and that in this particular

the infinitive mood follows the law of tlie verbj we say,
" a tnoknt struggle," but " to struggle violenlly." It

is only in these peculiarities of transition, and in re-

ceiving adverbs instead of adjectives, that we can per-

ceive any difference betwixt the infinitive of a verb and
the corresponding noun. The former of these diffe-

rences depends, in a great measure, on the character of

particular verbs, and both of them seem too slight to

confer on the infinitive the same rank with the assert-

ing verb, and to divest it of the character of a noun.

This is more especially the case when we consider that

it is often used without an adverb, and without any
such transition as has now been described, but is never

independent of some character of syntax which is com-
mon to it with the noun. With this statement of the

facts, we leave the argument to the consideration of our

readers. We deprecate, in the mean time, any prema-

ture attempt to improve, in this or any other instance,

the nomenclature of grammar.
The infinitive mood, in consequence of resembling ^^ ^

in some particulars the noun, and in others the verb, is infiniil

rendered fit for performing, in a manner peculiar to it- subjm

self, the office of the subjunction of sentences to verbs. •'""•

It may be made a question whether connections ofwords
formed by means of it ouglit lo be called sentences ; but

|
they certainly contain the meaning of sentences. We f

have already remarked that every noun may be re-

solved into a sentence, by means of a definition. But
by the use of the infinitive, we have the parts of tlie

sentence in a more distinct state than if they were all

implied in a noun, though not so explicitly as in a

definition, or even in a sentence formed by the sub-

junctive mood. It has thus a character intermediate ^^^^y^'^

betwixt the noun, with its regimen oi' genitives or
^

tlie accompaniment of adjectives, and such subjoined .;

sentences as have been already described. The same wu ..

connection of i<leas may be expressed by any one of tlie mode

tliree following modes of diction :
comptl
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Uviml 1. By nouns alone, as in this sentence, " he wishes
umniar, Jijs son's depniiitre."
"y^^ 2. By tlie infinitive mood, as when we say, " he

wishes his son lo drparl."

3. Or by a sentence subjoined in the subjunctive,

thus, " he wishes thai his son would depart."

Here the verb " to wish" is that to which the other

ideas are subjoined ; and the verb " to depart" is that

which is variously implied in the subjoined series of
words.
The preference of one of these to another will some-

times be dictated by convenience, according as t lie in-

tention of a writer is to study brevit)-, or to indulge in

minuteness of detail; and sometimes tliere will bo so

little ibundation for any particular prc-iercnce, tluit tlie

choice will be left to fancy, to habit, or to the love of
variety. Sometimes a sentiment expres.'-ed in one of
these modes in one language requires a different one
when translated into another. Credo le iajtere may be
translated " I believe you to be wise ;" but dixi le a<j-

fiere cannot be translatetl " I said you to be wise ;"

tlie infinitive is here to be laid aside, and instead ot it,

a sentence must be subjoined by m«ans ol the word
*' that." " I said that you were wise."

We generally find it more eligible to use an infinitive

than a noun, when we have occasion to connect with the
meaning of the word any considerable varietj of cir-

cumstances. We say " murder is a heinous crime
;"

but when we mention the agent and the object, we pre-
fer using the infinitive mood, we say, " for a son to mur-
der a parent is a heinous crime." This is a more com-
plete expression than " the murder of a parent by a
son." Indeed this last phrase evidently requires a verb
or a participle to make it complete; thus, " the murder
of a parent committed by a son, is a heinous crime ;" and,
as this makes the phrase verbose and tedious, it is better

to say, " for a son to murder a parent is a heinous
crime." In the Latin language, this idea would be most
conveniently expressed by the subjunctive mood pre-
ceded by the particle ul. Utflius parentcm inter/icial

nejas est. It is but seldom that the mention ofthe agent
is combined with the use of the infinitive, when the
combined phrase is to be made the nominative to a
verb. Such expressions as Jilium inteijkere jiareuiem

nefas est, are sometimes used, but they are inconvenient
and imgraceful, and therefore not common.
The infinitive mood is varied in respect of tense.

That fonn which is called the present infinitive is in

reality of no tense. It is pure, absoUite, and acristic. It

'e general may be employed without the implication of time, and
'

it admits of being applied equally to past, present, and
future transactions. The remarks which we have made
on that part of the hidicntive mood called its present
tense, will suggest sufficient proofs of this fact ; and the
subjects are so nearly analogous, that it is unnecessary to
bring forward particular illustrations of this point.

The infinitive in the past tense is, in the Latin lan-

guage, fully expressed by the termination use, which is

nearly allied to the pluperfect subjunctive, a circum-
stance probably arising from the coincidence of their use
as consisting in a subserviency to subjunction.
The future infinitive, both in Latin and in English,

is forired by circumlocution. In Latin the general
infinitive of the substantive verb is, for this pur-
pose, conjoined with tlie future participle. Ilurum, or
tluriis esse. In English it is constructed on similar
prhiciples. We say " to be about to go." We some-
times merely use the general aoristic infinitive after a
verb which implies a reference to futurity, as " 1 ex-
pect him to go." In expressing such ideas, however.

'isesof

I infini-

K

initiTe.

epitte-

( ftiture.

we frequently reject the infinitive as not well fitted for Uiii»»r»ai

our purpose, and in its stend employ a sentence in the ^'''""""';

future indicative, subjoined by the word " that ;" a» " I
'^•""^

expect that he will go."

Similar principles are discovered in the fonnation of
the tenses of the infinitive in the passive voice.

6. I'/te Gerund and Supine.

The Gerund is a part of speech nearly resembling the The gerunii

infinitive, but tending more strongly to the noun, both "«»'" '<>

in form and syntax. Like the noun, it is governed by
'(('gn",*),""

prepositions, which the infinitive, at least in the I^atin infiniurt

and English languages, is not We say, " much harm mood,

is done to the constitution lii/ drinking." In Latin this

idea is expressed by the ablative ofthe gerund (;>/'nnrfo.)

'J'he infinitive is scmetinies thus used willioui a prepo-
sition, as in a passage already quoted from Plautus, iigo
mim defessun rej rriie, vos dr/tfsi quwi-cre : but the gerund
is. in ivlmost every instance, better adapted to such pur-
pobes. Such passages contribute to show to what ex-

tent the infinitive n ay be used as a noun ; but the in-

i'rcquency of that ir.ode of employing it, and the fre-

quent use of the gerund, prove to us that tliffercnces

in the foims of words, or parts of speech, often con-
sist in a different extent of adaptation to particular pur-
poses, and that the characters of some pass almost in-

sensiblj into those of others.

The gerund differs from the infinitive in not admit-
ting the mention of the agent in equally close syntax.

It does not even, like the noun, admit of the annexation
of this or any other idea by a genitive or an adjective,

nor has it any power analogous to that which the infi-

nitive has of taking an accusative before it, to signify

the agent. The gerund therefore is employed only
when no mention of the agent is required, or when thig

is done by connecting it with seme other word in the
sentence, as when we say " men hurt themselves by
drinking."

The gerund takes the regimen of the verb with re- ^''*
'''f"'"''"

spect to the nouns which it introduces. In Latin we J^^'
*

say potando vinvm; and in English, " by drinking wine."
The same word may however be also used as a noun,
and then it may take an adjective and govern the geni-
tive ; as " by the drinking of wine," The difference

betwixt the word in " ing," in these two modes of em-
ploying it, is analogous to the difference betwixt the La-
tin gerund in dum, and the noun in •/o.t, or in alio or
ilio, formed from the verb. Instead of the preceding
phrase, we may employ /jo^i/, or pctalione vini. The La-
tin word called the gerund also admits of being used as

a noun ; we can say potando vini, as well as potando
vinum.

The gerunds now mentioned have no accident of^li'Fe-

tense conjoined with them. We formerly observed, '""*j

however, that the preterite form of the English verb, as

used after the auxiliary " to have," has the nature of a
pi-eterite gerund. " Gone" is tlie name of an act com-
pleted. In the phrase " I have gone," it occupies the
place of a noun governed in the accusative. In verbs of
the transitive kind, while it is thus governed, it governs
in its turn another noun, in the sjime manner as the
other parts of the verb to which it belongs. We say
" I have given them my promise." This is the nature
of the word separately considered ; but it is never used
as a gerund in any other connection, and therefore gram-
marians have neglected to ascertain its proper character.

The word called a sujinc in tlie Latin language is, The supire.

in structure and use, similar to the gerund, though not
|ioshe!>sing all its inflections, and more limited in its 4>*
plication.
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Grammar. Sect. XII. Interrogation.

The inter-

rc^ative

mood of

Mr Harris.
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interroga-

tive forms.

Selective

(questions.

Alternative

(questions.

Interbogation is a part of the oI)ject of lan-

guage, performed by means of the verb, whicli re-

mains to be considered. We have mentioned it (at

p. 397. ) in enumerating the forms of imperative in-

fluence which mankind, by means of language, exert

on one another. Its peculiar object is, to obtain infor-

mation from the person addressed. Mr Harris consi-

ders it as a modification of the use of the verb, and con-

stituting a distinct mood, although the verb when thus

applied should not possess a distinctform. It is a direct

request, and therefore implies the imperative in a very

prominent degree. " What is your name ?" is another

mode of saying " tell me your name." Interrogative

words and interrogative arrangements of words are

abbreviations implying the subaudition of the impera-

tive of the verb "to tell." "Who is there?" means
" tell me the person who is there."

Interrogative words implying a request tor the

particular mention of one circumstance th.'it must be se-

lected as true, from many others that are imaginable,

have a close etymological connection with the rela-

tive, and sometimes consist of it unaltered. Qtiis in La-

tin is different from qui, but is evidently derived

from it, and the variation which it receives is intended

to intimate that the imperative of the verb " to tell" is

understood ; or rather it is so altered as to express this

imperative distinctly and fully. In the It.ilian lan-

guage, we have an instance of the emijloyment of a

different sort of word ;
" what do you want.'" is ex-

pressed by cosa volete ? which literally translated is,

*' thing you want." But on most other occasions, in

every language the interrogative words are more or

less allied to the relative. From qui in Latin, we have

qui-f^ qualis? quaiido ? quo? qunrsuiiii and from " who,"

and " which," in English, the words " when i" " where?"

and " whence?" are evidently derived.

There are other questions which may be denominated

alternative in their nature, because the speaker supposes

two opposite statements, one of which must be true

and the other false. A subject and a predicate are con-

nected in a question, and the only reply that it admits

of is, either an assertion ofa connection betwixt the sub-s

jeet and this predicate, or betwixt it and a predicate

which is completaly the reverse. This may be also done
by single words of affirmation or negation, rendered
completely signifiamt by their reference to the question.

Interrogations of all kinds, however, imply the meaning
of the imperative of the verb " to tell." The words of

which they consist are a sort of subjoined sentences to

this imperative, and are in some degree elliptical in their

first creation, though generally rendered precise by re-

ceiving a peculiar form.

CHAP. VII.

Want of

precision in

the descrip-

tion of the

adverb.

Of Adverbs.

The term Adverh is considered by Mr Tooke as ex-
pressive of no character by which a part of speech can
be distinguished. He considers the adoption of it as an
artifice by means of which, under the colour of scienti-

fic order, grammarians have brought together a variety

of words, originating in abbreviations and corruptions,

and possessing in no other respect any common property.

In this opinion we cannot acquiesce, although we are
sensible that some confusion has arisen from the un-
skilfulness of grammarians in ranking among adverbs

Distiib

M A R. I
some words which ought to have been included under Univer

'

a different head. Grai™

Adverbs are words expressly formed for the pur- ^^
pose of subjoining an idea to that which is contained in ^^^
an adjective or a verb. They are all capable of being

annexed to verbs, and some of tlieni to no other part of

speech. From this circumstance the whole class has

derived its designation. They never express an idea

in so close subjunction as a noun governed by a verb in

the accusative ; they rather resemble nouns which are

governed in the ablative, or phrases consisting of a noun

with a governing preposition. They sometimes are em-
ployed to qualify the character of an idea expressed by

an adjective or a verb. At other times they superadd

some circumstance of relationship to objects which are

capable of being separately conceived.

We cannot concur with those recent grammarians, it doea

who consider as instances of corrui)tion the formation owe ilt

of adverbs by means of alterations made in the forms of S'" ^«
words belonging to different parts of ?i>eech. They arc ''"P""'"'

words skilfully devised for fulfilling a definite object.

They do not, as has been supposed, alw.ays arise from

abbreviation. Although they are capable of being ex-

pressed by a plurality of words, this property is com-

mon to them with all parts of speech. Some of them

are evulently abbreviations, whde others have marks

of being used as single words previously to any plirases

into which they can be resolved. We have not even

any demonstrative evidence that all of them are deriva-

tives, and that none are original words.

Adverbs are divided into different species. Some
express intensity, remission, or other modifications of tion of

attributes expressed by adjectives and verbs. Such verbs,

are the adverbs " very" and " much ;" as" very good"
" much better," " much obliged ;" also their compara-

tive and superlative forms, as " more" and " most."

The words " slightly," " little," " less," and " least,"

are of a similar nature. Some have considered the

comparative and superlative degrees of nouns as con-

densed combinations of adjectives in their positive

state with the adverbs " more" and " most," because

they can be resolved into phrases thus constructed.

" Richer" and " richest," are " more rich" and " most

rich." But these adverbs may in their turn be

resolved into other phrases containing adjectives.

" More" is " in a greater degree," and " most" «' in

the greatest degree ;" and, from the first consonant being

common to them with the positive adjectives magnus,

muUus, " many" and " much," and their termina-

tions being characterised by the consonants r and si, it

appears evident that " more" and " most" are derivatives.

The Latin word maxime is evidently derived from

maximus, in the same manner as a great variety of ad-

verbs is derived from adjectives.

Adverbs expressing modifications of qualities are Adverlof

generally derived from adjectives. Such are adverbs nianne

in e and iter in Latin, as longi; ingenue, breviter,felici-

ter. In English they are formed by the addition of

the termination " ly," as in " shortly," " consider-

ably," " wonderfully." This termination seems, as

Mr Tooke remarks, to owe its origin to the word
" like," of which it is an alteration, or, as he terms

it, a corruption. It is sometimes used as .in adjective

termination in composition with a substantive, as in

" princely," " kingly," which mean " prince-like" and
•' king-like." The adoption of it for distinguishing the

adverb is entirely conventional, and the most profound

investigation of its meaning will not lead us to a

satisfactory conclusion on the nature of this part of

speech. Yet the use made of this termination, and the

Adv(

intenaSi
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^idwMil nature of the adverb, are sufficiently apparent. They
^^W"*'- imply a notification that tlie idea exj>rcssed by the com-
^^/"^^ pound word is to be annexed in syntax, not to a sub-

:$tantive noun, but to an adjective or a verb. They are
also capable of beinj; attached to other adverbs ; as
" very nobly," "surprisingly well," "too uniformly."

The adverbs just mentioned are called adverbs of
mniiner. Some of them merely express a general refe-

rence, and have the same relation to the words calleil

demonstrative pronouns which others have to different

adjectives. Such are the adverbs " thus,'' " so," and
" as." In Lancashire, instead of" thus" and " so," it is

common to say " i' this'n," and " i' that'n."
' There are numeral adverbs as well as adjectives. Such

are " once," " twice,'' and " thrice." 'J'hese belonjj to

the cardinal numbers, as expressing repetition. Tliere

are also adverbs which signify a mere reference to rcpe-

ttition, such as " first," " secondly," and " thirdly,"

and belong to the ordinal.

There are adverbs of local situation, as " here,''

" there :" and of locjd aspect, as " hence," " thence,''
" hither," " thither," " upward," " forward."

Dime. Adverbs of time, as " now," " formerly," " soon,"
• " afterwards," " immediately."

It is unnecessary to enlarge on the nature of these
words, or to point out the phrases into which they are
resolvable, and of which they often ai-e abbreviations,

(ffirnia- The adverbs of Affirmnlion and Negation have been
tandne- reckoned different in their nature from all the others.

When the subject, the pretlicate, and the copula are
arranged in the order of assertion, no separate word is

necessary to affirmation ; but sometimes an adverb is

conjoined to call the attention of the mind with greater
empliasis to the truth of the assertion. Such are the ad-
verbs " indeed," " truly," and " certainly.'' If a
question is asked which admits of an answer by the
simple affirmation or negation, the answers in the
affirmative may be given in English by such adverbs
as " certainly," " even so;" or in L.atin by eliain, irno

or ntiqiie. Sometimes a peculiar word, and one which
is never used as an adverb in a sentence, is applied to

this object. The English word " yes," is of this kind.
" Yes," is considere<l by Mr Tooke as derived from
aif-es " have" or " enjoy," and meaning " have or
entertain that belief.'' The English " yea," the Ger-
man Jn, and the corresponding words in the north-
ern languages, are derr\'ed from a similar source. It is

therefore to be considered not as an adverb, but as an
abbreviation for a sentence. The adverb " certainly,"

and others equivalent to it, become by ellipsis contrac-

tions for the same sentence. If we keep out of view
the etymological origin of the words used on such
occasions, and consider them all as containing an equally
full expression of the meaning of the speaker, we must
reckon them abbreviations for sentences ; but wherever
they are introduced into the body of a sentence, they
are adverbs possessing the same properties as other
words of that class. They signify that the as<:ertions to

which they are applied are not hypothetical, but in

conformity to the nature of things.

The negative adverb expresses the absence of this

^
conformity. The same word is in some languages either

I used singly as an answer to a question, or annexed to~
a verb in the formation of a sentence. The Latin words
mirtimc, nequn<piat>i, and tinn are used in lx)th of these
ways. But in English tlie word is on these occasions
subjected to a slight change. The a<lverb is " not."
The negative answer is " no." This last is said to be
tjf prior date, and derived from a verb signifying " I

deny," or " I nm «vcr»c ;" but, whatever it* etymologi- Vnhtml
cal origin may be, it i-i, like the word " yes," a contrac- G^wBUf.

tion for a .sentence, with this diflercnce, that the sen- •
*~

tence for which it stands implies the force of the adverb
" not," and thus reverses the meaning. " Not" has the

same general character with the other adverbs : it mo-
difies the verb, and thus forms part of the predicate.

A negative sentence is the reverse of the correspond- „ .

ing affirmation. Yet there is no general difference of nM(«iiTe

character betwixt affirmations and negations. Aflirma- toitencfK

tions are often as directly opposite to each other as to

negations. " He is without," and " he is within," are

directly contrary. Many assertions can be made equally

well in the negative ami in the affirmative form. " He
is at home" is an affirmative sentence, and the same idea

is expressed by these negations, " He is not from home,"

and " He is no where but at home.''

CHAP. VIII.

OfPrepositions.

Differences of opinion have been entertained on nifficultM

the nature of Prepositions. It is easy to give a diarac- in dcfminj

ter which will apply to them all; but it has been found P«P<»<-

difficult to give one which will apply to them exclu-
'"'"""

sively. Mr 'Tooke has been considered by some assolv<

ing every difficulty, by pronouncing them abbreviations

of nouns or verbs. TIris author shews that many of

them are of the same nature witli some of those words

which are called conjunctions, and considers that cir-

cumstance as proving tlie inaccuracy of this instance

ofgrammatical distinction. In so far as tfie idea expres-

sed has been represented as aground of distinction, this

author is correct. But when we abandon that system,

and take the circumstances of syntax as die foundation

of our classifications of words, we shall find that some
distinctions which were formerly improperly accounted

for are referable to satisfactory data.

The classification of the short words called particles Extnuion

appears to us defective, and we shall in the present in- of the term,

stance intro<luce a slight variation from the common
usages ofgrammarians. We shall apply the term prepo-

sition to a more extensive genus than our pretlecessori

have done, by including under it some words hitherto

called conjunctions. 'I'liose words which arc usually oistribu-

called prepositions, we distinguish by the appellation of tion of

Nominnl prejMsilions, because they are introtluctory to '•'«" '"•?

nouns ; and the others by that of Sentential prepositions, "° •!>««•«»•

because they are introductory to sentences.

Sect. I. Nominal Prepositions.

NoMJSAL prepositions haye been described by many Chartctw o.'

grammari.ins as " words which signify the mutual rela- '''^ nomiM!

tions of objects." But these relations are equally expres- Pf'Po-"""-

sed by every part ofspeech. Mr Ruddiman with greater

propriety describes the preposition as " An indeclinable

part of speech signifying the relation of one substantive

to another." We prefer saying that it signifies "a relation

subsisting betwixt the idea expressed by one substantive

noun anil that expressed by another." It is to be observed

that, with the exception of the preposition " of" in Eng-

lish, and some rare expressions already alluded to under

the head of the getntive case, a verb, adjective, or jwrti-

ciple is interposed between the first ofthe nouns and the

preposition. The preposition " of" is as frequently em-

ployed immediately atler a noun in English as the ge.
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Universal nitive Case is in Latin ; but such phrases as " Newcastle-
eranimar. o«-Tyne," and " Ashton-anrfec-line," are in very small
^ ' ~ number. I'he prepositions " on," " under," and all the

others except " of,'' subjoin a noun to an adjective, a

participle, or a verb; as " fit /or use," " good at singing,"

" depending oit his fidelity," " connected rvitli the

government." "He has gonefrom home, along the road,

to a distant place.''

Mr Tooke has shewn great learning and ingenuity in

Mt Tdoke's
P^'o^hig that the prepositions, both in ancient and mo-

etymolo'ics. tl^''!' languages, are derived from nouns or verbs. Chez
he derives from casa, " a house." Avec from avez que,

"you have that :'' Sens in French, and se7iza in Italian,

from asseiiza " absence :" The Latin siyie from sil iie, i. e.

nesil " let it not be :" Tlie Italian /"Kori, the Spanish nf-

fuera, the French liors, (formerly fors,) from the Latin

Jbris ; and this from the Greek word Cuga, in the Doric
dialect ipo^a, " a door or gate.'' " Through" is derived

from a Teutonic word thuruh, signifying " a door or pas-

sage.'' Ad he derives from the past participle of the

verb agerc, by these steps of transmutation, agilum, og-

tiim, agd, ad. He considers the English "to" as the same
word with the verb " do ;" and '•' till'' as derived from
" to while." " For" comes from a Gothic word signifying
" a cause ;'' " of" from afora, " progeny ;" " by" from
he-on, " to be ;" " with" from tvilhau, " to join ;" " be-
twixt'' from the imperative " be," and twos, the Gothic
•word for " two." " Before," " behind," " besides," are

from the same imperative conjoined with nouns which
are either still separately used, or have left familiar traces

in different forms. " Beneath" is from an old word
nealh, signifying " bottom ;

" under'' from on and
neder; " beyond" from geond, which has the same mean-
ing with " gone" or " past." The termination " ward,"
which is used both in forming adverbs and prepo-
sitions, is from the Saxon verb iviardian, " to look
at," which also gives origin to the word " regard."
" Athwart" comes from </nieoWnM, " to wrest or twist

;"

" among" is from gemeiigan, " to mix ;" " along" means
" on long," i. e. " on length ;" " round'' and " around"
come from a word signifying " a circle ;" " near" from
neahg, " neighbouring;" " instead" is " in station," or
" in place ;" " down" is from dtifen, " to dive or dip

;"

" up," " upon," " over," " above," he derives from vfa,
" high." The same sort of investigation has been vvith

considerable success applied to the Greek prepositions
by Mr Bonar, in the 5th volume of the Transactions of
the Royal Society of Edinburgh, and by Professor Dun-
bar in a separate work on the subject.

The grammatical system foundetl on these etymolo-
gies is in a great measure the contrivance of Mr Tooke.
Some of his etymologies have been called in question by
Mr Bonar and others. The author of the article Gram-
mar in Dr Rees's Cychpcedia attempts to controvert
the greater part of them in support of a different sys-
tem in which he traces the modern languages of Eu-
rope to an Oriental origin. Some of Mr Tooke's ety-
mologies however are unquestionable ; and it is of
great importance to observe, that the author has shewn
that all prepositions are resolvable, with regard to their

r Dos-t'on ™^"'"S> into nouns or verbs. The same ideas may
reliable

'^ expressed by all these parts of speech. This pro-

into nouns. V^^^V '« mdcpendent of any opinion that may be
formed regarding their particular etymology. " From,"
for example, may have its place supplied by the noun
" beginning." " The figs came from Turkey," means
" The figs came beginning Turkey." " The lamp fell

from the ceiling," " The lamp fell beginning the ceiling.
" The lamp hangs from the ceihng," " The lamp hangs
beginning the ceiling,"

GRAMMAR.
Mr Tooke's opinion was, that prepositions represent Univer,

objects in the same manner as nouns. This is denied tj"'""!

by other authors, who proceed on the presumption that ~ ^ '

^y - . .
-

nouns are the names ot things, but prepositions the Do 'hey

.

names of the relations of things. And some have derid- pf^ent

ed the absurdity of pronouncing things and their re- ^^'

'

lations to be the same. It might however be main-

tained that, as variety is essential to the existence of

human knowledge, its objects wholly consist in rela-

tions. If there should be any difiiculty in conceding

that point, it ought to be remembered, even in a
|

grammatical view, that the relations of things may *

be expressed by nouns as well as by prepositions, and
that therefore no distinction betwixt these two parts of
speech can be founded on such data. Mr Tooke, how-
ever, is not content with observing this coincidence be-

twixt nouns and prepositions. He considers preposi-

tions as inv.iriably derived from concrete nouns, or verbs

containing these, and insists that they are the names of
substantial material objects. The preposition "through,"

for example, being according to him derived from a

word signifying " a door," carries along with it the

full meaning of that concrete noun. This statement

has been supposed to favour the system of material-

ism, and perhaps it was so intended ; but it is in it-

self too inaccurate, or at least imperfect, to lead to

any general conclusion. If the whole meaning of the

concrete noun is retained in the prepositions thus

derived, it is only in the form of allusion. A lan-

guage is not pure and perfect till the allusion itself

disappears, and till the word is employed to express an

appropriate and well-defined degree of generality, in-

dependently of the concomitant ideas contained in

the subject from the name of which it has been bor-

rowed. " Through" expresses only one property of

a door, and a property in which it resembles many other

objects which have different names. This preposition

is indeed equivalent to a noun, but it is to a more ge-

neral one than that which suggested the term. The
noun to which it is nearly equivalent is " passage" or
" medium."

It is from its properties in syntax that the preposi- Proper i

tion must take its rank among the parts of speech. In of the >

this respect it deviates from the noun. When, instead of P"*"'"*

the preposition, we employ simply a substantive noun, '^

as in the examples formerly mentioned, in which

the noun " beginning" was substituted for the preposi-

tion " from," the sentence labours under an awkward
chasm. The meaning may be fully understood, but

it appears to be imperfectly expressed. 'I'here seems

to be as great a deficiency as if in an affirmative sen-

tence we should omit tlie copula, saying, like a lisping

child, or an unpractised foreigner, " That man good,"

instead of " that man is good." In order to complete

the syntax, we must either use an additional word
along with the noun thus substituted, or supply its

place by a different part of speech. The force of those

Latin prepositions which govern the accusative, is on I^^*-'",

the whole more completely expressed by a word which ^'S""

has the regimen (jf an active verb. This character will

apply to all the prepositions of the Enghsh language,

as they all govern the noun in tlie same form. Those
Latin prepositions which govern the ablative must be

considered as less transitive in their regimen. (See our

observations on the Ablative Case, at p. 414.)

The part of speech to which the preposition is most soin<n««

nearly allied in the mode in which it is introduced, will n-

differ according to the sort of words to which it is ti •

immediately subjoined. When it is subjoined to a verb, B"""

the verb will govern it nearly in the same manner as it
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ilia.

governs the freriind of another verb in the ablative.

Tinns will be ri'p resell tiul by IraimctniJo: ivr hy pcrfo-

ranilo, or permea irin. The Eu^lieh prfp'i> liuti " from"
miiflit be repiest-iitetl by the JLatin' gerund linquendo ;

the l.titin a, ab, or alts, by abeundu. The preposi-

tions imply no such specification as is sipnified by any
of the verbs wit.h which, for t)ie sake of pointing

out the priiperties of their syntax, we have here com-
bined tlicm. It was necessary to make gerunds by
combining them with verbs and thus appearing to add
to the ideas wliicii tiiey express rather than to explain

them, because we have no verb exactl_v corresponding

to the simple preposition. The preposition itself is the
gerund, though indeclinable.

If the preposition is introduced by the substantive

verb alone as the first woi'd cf the predicate, it will

possess the syntax of a particiiitc agreeing with the
nominative which precedes. Sub will have the regi-

men of subjaceHs or subjunctus. In will approach to

the ])articiple h<tb:it:ns or iiiclusits, though more ge-
neral in the idea which it conveys. " Out of," when
used in such a sentence as " He is out of town," will

also liave the power of a participle, though we cannot
name any word in that form to which, with respect to

generality, it makes any Jipproach. This cannot al-

ways be expected. If the office of a preposition were
to be performed with equal advantage by the gerund
or participle of a verb in present, use, there would be
in some respect^: no occasion for the prepositions them-
selves.

Here we trace the peculiarities of this part of speech.

It is usually more general than any other to which it

is allied. It is marked by a peculiar brevity, and by
the absence of inflexion. Without the formality of sig-

nificant terminations, prepositions possess all their force.

They thus correspond to the rapidity of human tliought,

and to the subordinate rank • of the ideas which they
convey. They have been called the pegs and nails of
langu.ige. This account of them is severely censured

by Mr Tooke, and is inaccurate when intended to inti-

Sect. II. Sen/eiilial Preposllion.f. '—
-,

Unirenal

Thr •SMi/cn</n//Vr/i'>jiViw« isasort of wt; \\y
nuinberetl among corijiinetions, and liinnii ri-

tary grammars more than one lialf of that list. Hut tlie
conjunctions, as thus classified, are not susceptible of any
common definition ; and this proceeds not merely from
tlieir coincidence in use with words of a difTerent kind,
but from their dissinnlarity to one another. Th.nt thig
disadvantage may be diminished, if not entirely rtme- ?*««ureof

died, we here give a separate consideration to those ''" ^""n-

words which have the power of introducing subjaneil ^j^','
!!"'*'

sentences in the same manner as the words called pre-
" '° '

positions have with respect to nouns. We denominate
them senlential preposilions, in conlr.idistinction to the
others, to which we have given the designation otnomU
mil. In Some instances the same vmrd serves for a pre-
position of both kinds. " AtU-r" is a nominal preposi-
tion in the phrase " after dinner," and a sentential
preposition in the phrase " after we have dined." In
other instances the word employed as a nominal prepo-
sition undergoes some slight alteration, or receives some
addition, to distinguish its applicttion as a sentential
preposition. The Latin cnm, (" with,") sometimes retains
the simie form when used for subjoining a sentence, and
sometimes is tiansfbrmed into quum. Ante and poit
are convertetl into nuluptam and pottquam.
The nature of the general sentential preposition " that" tIic general

in English, and quod and iil in Latin, has been already kindaufit.

discussed. Quavi is another, like these, of very general
meaning. It is sometimes translated " as," sometimes
" than." It then pertbrras the part of a relative, and has

jj,eir (fi

the same relation to an antecedent adverb which the Rity to the
relative noun has to the noun antecedent, (iuam has the relative

same relation to lam as qui has to ille. Tanquam, from
lam and qiiam, may be called a sentential preposition,
but it differs fronj quam in being more particular, as
including the antecedent adverb. Of this last khid Spcdal

are also tlie sentential prepositions anliqutim and post- *<>"'» "f

qjuint. Ante and /Oil are used adverbiuiiy, and th<
this class

have a
mate that they differ fVom other words in not expres.iing

ideas. Yet it is certainly true that the ideas which they Koman authors often disjoin them from the subsequent compound
other quam -. as, Aste aulem hue venerat qvau xjirrassem. It fonn.express might often be left to be inferred from the other

words of the sentence. They are not the central ideas in

discourse. The preposition secundum, " according to,'

implies all the ideas expressed by the noun " h.ir-

mony" or " agreement ;" the word '•' from" those ex-

pressed by the noun " beginning ;" " above" those

of the nouh " top;" " below" those of the noun " bot-

tom." But such ideas are never interesting on ac-

count of any general properties of their own. We
never have occasion to write disi=ertations on " tops,"
" mediums," " beginnings," " enditigs," " outsides,"

or " insides." Yet the frequent recurrence and conse-

quentfamiliarity ofthese ideas, together with their subor-

dinate character, render it desirable for us to express them
with rapidity, by endowing them with all possible bre-

vity of form. Words possessing this character render lan-

guage copious and minute without incumbrance. They
are the E Trut jen^amt, the winged words, of discourse.

Whether we consider them as always derived from other
parts of speech of greater length, whicfi a large projwr-
tion of thtm undoubtedly is, or sujipose it possible that
they have occasionally consisted of syllables thrown in

at random, and afterwards adhered to as significant, in

the s «me manner as almost all original words must have
betii pro<Iuced, we see, in their general form and appli-
cnr :, their excellent adaptation to the completion of
Lu 'M^e.

VOL. X. PART II.

might appear that quam should be considered as giving
the subjoined sentence the character of a noun, and the
word anle or posl as a preposition governing or introdu-
cing it in that state. It is however more agreeable to the
analogy of language to consider ante and post as adverbs,
and the compound words ankquum and postqunm as
synonymous with auteaquam and posleaquam, formed
from the adverbs anlea and poslea. Adverbs in gene-
ral might be resolved into nouns in the ablative case;
and a special sentential preposition, or one which im-
plies the meaning of an antecedent adverb, would, on
this principle, be resolved into the ablative of an ante-

cedent noun and that of the relative. Autequam is

equivalent to tempore asteriorb illi tempori qvo. Ut
is also used as a relative ; sic is often its antecedent when Or a corn-

it intnxluces the indicative mood, and ita when it intro- poucd ag-

duces the subjunctive. L'l has sometimes in itself the "'''c»t'on

force oi sicul or oi ila ut, and, when no antecedent ad- ''' *!"?"••

verb is expressed, may always be considered as implying
by ellipsis the meaning of one. The sentential prepo-

sitions dum and quum have the same relation to turn;
" when," "while," and " where," to the adverbs "then"
and " there." The resemblance and near relation subsist-

ing betwixt " when," and the atlverb " then," have letl

many grammarians to give to Iwth tiie common desig- •

nation of adverbs, Postqunm, anlequam, and other aoan-

3 K
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logous words, liavc also been denominated adverbs ;

and thus the whole of this part of grammar has been

involved in confusion : but we shall see the difference

clearly if we recollect that the words now mentioned

are not attached to verbs to modify their meaning, or

exhibit in themselves any concomitant circumstance, but

to introduce a subjoined sentence. The word " as" is

used both for an antecedent adverb, and a sentential pre-

position. It is an adverb in the phrases " as good,"
" as soon," and a sentential preposition after the adverb
" so," " He did not come so soon as I expected." All

special sentential prepositions might be resolved by an

analysis similar to that which we have given of ut and

anteqiuim. We have not antecedents in the form of ad-

verbs for them all, but we may express them by abla-

tives of nouns or of gerunds. Si, " if," implies the

meaning of ea condttione, eo casu, or suppnnendo. Qiian-

quam, etiamsi, etsi, " though," " although," (words of

nearly the same meaning with si, and differing sliglitly

in the occasions of their application,) imply the force of

concesso or concedetido.

It is in fine to be observed, that the special senten-

tial preposition and the sentence subjoined by it, taken

as a whole, occupy the place of an adverb, or of a

noun in the ablative case. In some instances we find

single words in this form equivalent to such sentences.

Ciib is equivalent to priusquam multiim temporis prete-

rierit. In the following sentence, " He was appointed

to the office till the propriety of the continuance of that

measure should be ascertained ;" the whole subjoined

ideas marked in italics may be fully expressed by the

single adverb " provisionally." When ita is used with-

out any subjoined regimen, it is an adverb implying a re-

ference to some assertion previously made, or some con-

nection of ideas exhibited at the instant of speaking

:

When it is employed as the antecedent to til with a sub-

joined sentence, thewhole sentence along with the itaand

ut occupy the place ofan adverb or the ablative ofa noun.
The following is Mr Tooke's account of the etymolo-

gy ofsome English words belonging to this partofspeech.
" If" is from Gif the imperative of Gifan " to give."

Theoldsynonyme"an,"from^«a»j"togrant." "Unless,"
from Onlesan " to dismiss." " Though," from Thafigan
or thafan, to " allow." " Without," from IVyrthan-
utan, to " be out." " Lest," from Lesan, " to dismiss."
« Since," from the participle Seon, " to see." " As" is

es, a German word for " it," " that," or " which."
Some words are used as sentential prepositions which

still retain the form of gerunds or participles ; as •' sup-
posing," " provided," "providingthat," 'granting that."
" Seeing," was formerly used in the same manner.

CHAP. IX.

Of Conjunctions and Miscellaneous Particles.

Conjunctions connect words or sentences on equal
terms, without regimen or subjunction. They con-
tinue the syntax of the introtlucing word to that which
they introduce. General words ofthis description are not
numeroiis, as the purposes to which they are applied do
not admit ofgreat variety. One kindofthem may betemi-
ed Conjunctions of union, as they unite the meanings
of the words which they connect. Such are the English
word " and" and the Latin et, ac, alque. Another kind
may be termed Conjunctions ofalternation, as aut and vel
in Latin, and " or" in English. The negative " nor" is a
conjunction combined with a negation. It might appear
in Its etymology the reverse of " or," but in meaning

Univers:

Grammi

Words a'

nouncinj

conjunc-

tiousv

it is the reverse of " and." It is equivalent to " and not."

In Latin this is also its etymology It is not non vel

or ne vel, but nee from ne ac, and neque from ne and que.

Sometimes the first of the nouns or verbs connected
by conjunctions is preceded by a peculiar word '

' Both"
is used to precede words connected by " and ;" " either"

those connected by "or;" and " neither" those con-
nected by " nor." It is natural to ask to what head
" both," " either," and " neither" are to be referred.

In the English language, their etymology might strong-

ly lead a grammarian to refer them to the class of adjec-

tives when they precede nouns, and thus make them
equivalent to ambr>, uter, and neuter. When they pre-
cede verbs, they might be reckoned adverbs, and in

English would be equivalent to adverbs formed by add-
ing the termination " ly"' to the adjective, as if we said
" bothly," " eitherly," " neitherly." They perform the
office of an adverb referring to concomitance. In La-
tin the same word is used both as the preceding and the
conjoining word. Et ilk et alter; Et venit et vidit. It Codjuik"

will be found, on the whole, that conjunctions are near *'<""
''f*

*

akin to adjectives and adverbs. They are necessarily ^/^ *°J'

frequent in the use of language, and therefore have re- adverbs
ceived an abbreviated form.
Some miscellaneous particles maybe called special Sr<.'

cmjunclions, as including a more particular character of joicuu

mutual relation betwixt the ideas contained in the words
or sentences which they connect. Such are the word.s
" also," " farther," " moreover," " but," " likewise,"
" yet," " notwithstanding," '• however."

CHAP. X.

Of Interjections.

The term Interjection is applied to those words Nati

which express by short exclamation certain overpower- '"'''J*

ing emotions of mind. Such as 'A( iu ! Heu ! Atal !

Proh! "Ah!" "Oh!" "Alas!"
This part of speech is treated by Mr Tooke with great

contempt, as a brutish inarticulate sound which has as

little to do with speech as the neighing of a horse, the
barking of a dog, coughing, groaning, shrieking, or any
other involuntary convulsion with oral sound. These Either

words, however, though at first involuntary, ai-e after- ™
^'^jj ^

wards uttered from design. A man desirous of impress- jy sou i

ing another with a particular passion, first contrives to

excite it in his own mind, and then utters the sound by
which it is expressed. Hence corresponding syllables are

committed to writing in works which depict human pas- Not w.

sions and manners. They belong to language, as language reiusc.

must include every sound addressed by one man to ano- P .'

ther, from the highest to the lowest state of mental culti-

vation. Interjections may be considered as a mixture of
involuntary expression with social discourse. In the use

of this part of speech, man is seen to rise from the cha-

racter of an animal impelled by passion to that of a re-

flecting being, who displays intelligence and address

in influencing his fellow creatures.

Sometimes words belonging to other parts of speech, Specii J-

and expressing definite ideas, are introduced abruptly tcrjecu.

to express emotion, and numbered among interjections

;

as " Amazing !" " Wonderful!" " Prodigious !" " Shock-
ing !" " Horrible !" " Mercy !" " Pitiful !" " Woe's me !"

Whether we call such exclamations as these inteijections,

or abbreviations by ellipsis, is of little importance. Their
meaning is never ambiguous.

In the introductory part of this article we described

language as essentially imperative; and the slightest re-

flection will shew that inteijections, in so far as they par-
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irtrerul take of the nature of social discourse^ possess an inipe-
raininar fatjve character.

" Books of merit on universal grammnr are but few.

But numerous observations on the subject are to be

found in all ^ood and complete orammars of particular

langimges, and in the larger Dictionaries. Some parts of

it are also occasionally tliscussed in books of metaphysics.

The principal English and French works on this subject

are the following : Monboddo'S Treatise on the Origin

and Progress ofLangimge ; Harris's Ilfn^mes; Beauzce's

Grnmmaire Gencralc; Grammaire Gi'nerale ct Raison-

nee, par M. M. de Fort Royal ; Condillac's Grammaire

in his Court d'etude* I Tooke'it Diwruont of Purlryi
Bwldocs on the Nature of Demonitrativr Evidence; Pick-
boume's Dissertation on the EnglM Verb ; Mr Dunbar's
Anali/sis if the Greek Verb; Dr Gregory on the Theory
of the Moods of Verbs in the 2d vol. of the Transactions

ofthe Rotjal Societi/ of Kdinhnigti ; Mr Honar's E^sai) on
the Greek Prepositions, in the 5th Vol. of the R«me
work; lir }!imie«on's Hermes Sct/lhiriis; Bealtie's /-Jmou
on the Theory ofLarigunge; Hutton's Dissertation on the

Thenrif ofLanguage ; L)r Adam .Smith's Ess^y on iMn-
giiagr, (|)ublishefl with his Theort/ of Moral Senti-

ment.t) ; Mr Stewart's Philosophical Eftays, Part I. Es-
say 5th ; and the article Grammar in the Encijclopadia
Britannica, and that of Dr Rees. •

tTnhrcntl

Grammw.

G R A
anaia, GRANADA, a celebrated city in Spain, and capital

"'^- of the province of that name, is pleasantly situated on
'~i''~' two small hills, at the extremity of a beautiful and ex-

tensi' e plain. It was built by the Moors in the tenth

century, and was finally reduced by the Spanish armies

in 1 4-5)2, after a siege of more than twelve months. At
that period it is said to have covered a space three

leagues in circumference, and to have contained 400,000
inhabitants, a statement unquestionably far above the

truth. Its walls were defended by more than a thousand

towers ; and it was farther protected by two fortresses,

on the summits of the two adjoining hills, each ofwhich
was capable of containing 40,000 men. These fortres-

ses still remiiiii, but the walls and gates of the city are

demolished, and many of its finest structures in a state

of decay. It nevertheless exhibits evident proofs of its

former magnificence ; and its appearance from a dis-

tance is described as peculiarly majestic. The plain

before it is above 30 leagues in circumference, and
about 1200 miles above the level of the sea, but so

completely inclosed by mountains of stupendous height,

as to have all the appearance of a delicious valley. It

is watered by five rivers, and intersected by nume-
rous rivulets and canals ; covered with the richest mea-

dows, forests of oak, plantations of orange trees, and
sugar cane, fields of corn and flax, orchards of fruit-

tree*, and all kinds of vegetables ; bounded on the

north by the lofty Sierra Nevada, with the mountains of

Elvira, and on the other sides by successive amphi-

theatres of hills, agreeably planted with vines, olive,

mulberry, Itmon, and orange trees. It contains with-

in its circuit not less than 52 towns ; and in its centre

appears the Soto de Roma, which is a beautiful wood
of elms, white poplars, and ash trees, full of game, espe-

cially pheasants, more than a league in length, and half

a league in breadth, and formerly the retreat of the

Moorish kings. At the termination of this fertile plain,

the city of Granada is perceived from a considerable

distance, extending in the form of a halfmoon from the

river, along the gradual ascent of a hill, its streets rising

above each other, exhibiting a profusion of turrets and
gilded cupolas ; the summit of the w^hole crowned by
the palace of tlie Alhambra, and the back ground com-
posed of the majestic Sierra Nevada, covered with

snow. But the splendid illusions, created by this dis-

tant view, are sadly dissipated by a nearer inspection of

its fallen grandeur. It was formerly divided into four

quarters, which may still be considered as distinctly

marked, namely, the quarter of Alhambra, which prin-

G R A
eipally contains that immense citadel on the mountain
of the sun, and where the splendid palace of the Moor-
ish kings is still in existence, and in a state of sufficient

repair to impress the spectator with the most lively idea

of its original beauties ; the quarter of Albayzin, a kind
of suburb on the rising ground, separate<l from the
town by a rampart, and containing about 4000 houses

;

the quarter of Antiquerula, which has the appearance
of another suburb built upon the plain, was peopled by
settlers from Antequera, and is principally occupied by
dyers and silk-weavers ; and the quarter of Granada
which covers the commencement of the plain, and a
part of the valley between the two mountains, and is

the best built and best inhabited part of the town. The
river Darro runs through the middle of the city, and
empties itself into the Xenil, which passes near the
wi'.Us. The extent of the whole town is much the same
as it was in the time of the Moors, but it is thinly in-

habited in proportion to its buildings ; and the present

poj)ulation is only about 60,000. The streets are gene-
rally narrow, and the houses very inferior in their ap-
pearance to those of many other cities in Spain. Even
those which surround the market-place are very despi-

cable, few of the upper apartments having glass in tne

windows, and the shops below being very indifferently

supplied with goods. But there are many fine build-

ings, handsome squares, extensive gardens, and beauti-

ful fountains in different parts of the city. The El

Campo is a large square at the entrance of the town, on
the roatl from Antequera, and is partly occupied by an
hospital, which is a large and handsome building. The
Plaza Mayor in the middle of the town is very spacious;

and is used for public shows, particularly the bull-

fights. The Biva llambla, a handsome area, 400 feet

by 200, is embellished by an elegant jasper fountain,

and has on one side the Alcaxeria, and on the other the

Chancery ; the latter of which has a very handsome
front, ornamented with alabaster columns, and a range
of windows with gilt balconies ; and the former, an
immense etHfice witnout ornament, formerly the iMizar

of the Moors, still contains about 200 shops : these shops

are so very small, that the owner, sitting in the centre,

is able to reach whatever his customers may require,

without rising from his seat. The cathedral is a very
splendid but irregular building. It has a handsome
dome resting on twelve arches, supported by twelve

pilasters ; and against these columns are placed the sta-

tues of the twelve apostles in gilt bronze, as large as

life. The vault is full of paintings, and two rows of

* The Editor is indebted for this valuable article on Gbam>uk to Henry Dewar, M.D. F.R.S.E.
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Granada, gilded balconies run round it above the arcades. In
Province,

jj^jg cjjurcli are some of the best pictures and statues by
'

'^
' the celebrated Spanish artist Alonzo Cano, and his pu-

,pil Pedro de Mena. The palace of the archbishop

stands close to the cathedral, and is a very extensive

mansion, and of a handsome appearance. But the most
interesting and splendid object in Granada is the Al-

hambra, the ancient fortress or palace of the Moorish
kings, described in a former article: (See Alhambra.)
Though this noble structure is fact hastening to decay,

and likely to become in a few years a heap of ruins, it

is still viewed by travellers with the strongest sensa-

tions of wonder and delight. In a higher situation on
an opposite hill, is another palace, called the Genera-
liffe, which was used as a retreat in the intense heats of

summer. The rooms are floored with marble, and have
streams of the clearest water rushing through them. It

is surrounded by gardens, groves, and orchards, plant-

ed with orange, lemon, and cypress trees, and provided

*Tith a multiplicity of transparent pools and crystal

founUiins. Most of the houses have fountains and baths

in their courts, which, besides supplying water for do-

mestic uses, moderate by their coolness the extreme
heat of the climate in the suvnnier season. In imitation

of the Moors, the present inhabitants spread an awning
over these courts to keep off the sun, and live there all

the summer, eating their meals and receiving their vi-

sitors amidst its refreshing coolness. Tlie environs of
the city are delightful, and the shady walks on the

banks of the Xenil, with others more wild and roman-
tic on the Darro, afford the most refreshing and plea-

sing retreats. The sides of the hills around the city

abound with caves resembling the troglodyte habita-

tions in Abyssinia. They were originally employed as

granaries for corn, but are row inhabited by gipsies,

who are very numerous in the south of Spain, and arc

said to bear a great resemblance to the same class of
people in England. Granada contains an university,

and an academy for mathematics, but tiiey have no li-

brary, few masters, anfl scai-cely any students. There
is a royal manufactory for saltpetre and gun-powder ;

and several for woollen cloths and serges, which are

said to employ about 7000 persons, and to consume
4C0,000 pounds of wool annually. Silk stuffs, such as

velvets, sattins, and taffetas of a very durable quality,

are made in the city, and a considerable quantity of
ribbons, in the manufacture of which tlie spring shuttle

used at Coventry is generally adopted, the only kind of
machinery observed in the manufactories of the place.

See Jacob's J'ravels i?i Spain ; Townsend's Travels in

Spain ; Laborde's I'ieiv of Spam ; and Murphy's splen-
did work, entitled, tlie Arabian Antiqutlies of Spain,
Lond. 1815. (</)

GRANADA, a province of Spain, sometimes called
Upper Andalusia, is bounded on the east and south by
Murcia and the Mediterranean, and on the west and

Extent and north by Andalusia. It is situated between 36" 20' and
boundaries. .S8° North Latitude, and between 5° 5' and Jo 30' West

Longitiule from Greenwich. It is of a very irregular
figure,, approaching to the shape of a pyramid, with its

base to the east on the kingdom of Murcia, and its apex
to the south-west, towards the straits of Gibraltar, It

is 58 leagues in length from the east to the south-east

;

and in breadth, in some places 8, in others 1 8, and
at its base 28. The principal towns are Granada, the
capital, already described, Malaga, Ahneria, and Amu-
necar, three sea-ports on the Mediterranean ; Guadix,
Wotrel, Morbella, Velez-Malaga, Baza, Vera, Ronda,
Ix)xa, Santa-Fe, Huesca, Antequera, and Alhama. Its

fivers are the Ver4ej,rJ^>y^, Las fe^ua^ QujicMj:^^,

Histor

Guadavar, Guadahneja, Rio de Almeria, Rio Frio, Gua- Gmaf«
dalmerina, Darro, Guadix, Bravata, Marcban, &c. Proi-ftic

The Moors having acquired possession of Spain af- """V^
ter the bloody battle of Xeres in 71 1, in which Rode-
rigo, the last of the Gothic princes, was slain, Granada
became a part of their empire in the south of the pe-
ninsula; and, in 1013, was chosen by Almanzor as the
royal residence, instead of Cordova. In 1051, the fa-

mily of Almanzor were deprived of the sovereignty by
Joseph ben Taschphen, King of Morocco, who filled the
throne with dignity and splendour. After his death,

the kingdom was divided among a number of pretend-
ers; but, in 1H6, was again united under a prince of
the family of the Almohades. Mahomed the First, one
of the greatest of the Moorish princes, laid the founda-
tion of a new dynasty in 12,S2, and raised the kingdom
of Granada to its greatest degree of prosperity. VV'hile

he kept on foot a powerful army for the defence of his

dominions, he was equally attentive to promote the
welfare of his subjects by the arts of peace. He regu-
lated the revenues, administered justice, cultivated

science, endowed hospitals, and laid the foundation of
the Alhambra, the glory of Mahonimedan Spain. Ma-
homed the Second succeeded his father, and was distin-

guished, above all the nionarchs of his race, as the pro-
tector of science, and tlie patron of arts and commerce.
His court was the resort of astronomers, physicians,

philosophers, orators, and jioets ; and his own compo-
sitions in verse are celebrated by Arabian writers for

their epigrammatic humour. He was succeeded in

1302, by his son of the same name, who resembled Iiim

in his love of literature, and his patronage of the fine

arts ; but, while he was engaged in war with the King
of Arragon, an insurrection in his capital transferred

the crown to his brother Almasser, a young prince of

25 years of age, celebrated for his progress in mathema-
tical and astronomical learning ; but who, yielding to

the turbulent dispositions of his subjects, was in his

turn supplanted, in l:il4, by Lsmacl, Prince of Malaga. |

'

The kingdom of Cirsnada, hard pressed by the Chris- State olj»

tian states in the north of Spain, and thus torn by a ^'''''"
!

succession of intestine commotions, was fast approach-
*^'*°*'''

ing to its fall. Its sovereign Albohassen, availing him-
self of the discontents created in Castile by the acces-

sion of Ferdinand and Isabella, marched a hostile army
into their dominions in 14^82. Ferdinand, having pro-

cured a truce of three years, and quieted his rebellious

subjects, became the aggressor in his turn ; and, aided

by the dissensions among the Moorish chiefs, pushed
his conquests with such rapid success, that in the course

of two years, he had reduced the power of Abo Abdeli,

the eldest son of Albohassen, within the city and plain

of Granada. Having occupied the surrounding coun-

try with his troops, and built the city of Santa-Fe, he
was preparing to invest the Moorish capital, when the

besieged prince, more afraid of his subjects than of the

enemy, proposed to capitulate, andsubniitted to the power
of Ferdinand. In defiance of the terms expressly sti-

pulated for the protection and toleration of the vanquish-

ed, the Moors were finally banished to tlie sterile re-

gions of their ancestors ; and their empire in Spain
completely terminated in the year 1192. But for a

consi<lerable period after the conquest of Granada, a

few scattered bands, who had taken refuge in tlie moun-
tains, maintained an unavailing struggle witli their con-

querors, displaying Uie most heroic spirit in their suf-

ferings, and unshaken constancy to their chiefs. Un-
der the sway of the Mahommedan princes, which com-
proin^iids a period of nearly eight centuries, the king-

dom of Gcanad^wa3. the seat of opulence, arts, and
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leamiiifj, while the other states of Europe, under the

spiritual domination of Rome, were sunk in the deepest

mental barbarism. The Oinniades in Spain, following

the example of Almamon, the seventh caliph of the

Abassidcs, exerted themselves so sedulously in the ad-

vancement of knowledge, that thej- are said to have col-

lected 600,000 volumes, and to have established 70 pub-

lic libraries in the cities under their dominion. The
Arabian writers enumerate, in 1

1

26, 1 50 authors na-

tives of Cordova, .52 of Almeria, 7'' of Murcia, and 53
of Malaga, besides those of Seville, Valenci 1, and Gra-

nada, where the spirit of literature was preserved in

full vigour nearly four centuries. In this hist mention-

ed city, where it principally flourished, ttiere were at

tliat time two universities, two royal colleges, ;ind a

public library, stored with the productions of the best

Greek and Arabic writers. The love of lenriiing w;is

so general in Granada, that, in spite of the prohibitions

of Mahomed, it extended to the female sex ; and we
find recorded the names of the poetess Naschina, the

liistorian Mosada, and the mathematician I-ei'a. Their
physicians, though imperfectly aci|iiainted with anato-

my, as their religion prohibited all dissections of the hu-

man frame, acquired great celebrity, botany was one
of their favourite studies; and they made some progress

in the operations of chemistry. They chiefly excelled

m the various branches of mathematics, namely astro-

nomy, arithmetic, geometry, trigonometry, and optics
;

but they were little acquainted with physics, and,

though they were instrumental in preserving many
Greek authors, they were as little acquainted as the

nations of Christendom at that period, with the classical

authors of Greece and Rome. Among the Arabians, in

short, in the south of Spain, human genius is said to

have produced more pro<ligies in a few centuries, than
it has done in the history of .Tges in all the rest of the
world. All the great modern discoveries, paper, print-

ing, the mariner's compass, glass, gunpowder, &c. are

affirmed to Jiave been there anticipated and again for-

gotten ; and in the exercise of fancy and invention,

they are consideretl as having far surpassed all former
and succeeding ages. Agriculture formed the principal

occupation of the Saracens in Granada ; and, while it

was stimulated by the demands of an extensive popula-
tion, it was improved by the aids of science. They
were particularly attentive to the application of manure,
which they preserved in pit.s, that none of the salts

might be lost ; and they carried the practice of irriga-

tion to a very great extent. But, as their bigotry for-

bade the sale of their superfluous grain to the neigh-
bouring nations, they pursued its cultivation no farther

than was requisite for their own subsistence ; and di-

rected much of their attention to the culture of fruit.s,

which generally formed their principal aliment. To
them Spain is indebted for the introduction of an infi-

nite variety of fruits, and of its best horticultural pro-
ductions, for the sugar-cane also, and the cotton-tree.

Their commerce was not less extensive, and the luxu-
ries of India were brought from Alexandria to Malaga
at an early perio<l. The silks of India, and the porce-
lains of Chma, were soon imitated, and even excelled
by the Moors. They were skilled in the manufac-
ture of woollen, cotton, and flax, but, above all, in the
art of dyeing of leather. They made some pro-
gress in working mines, especially of lead and iron ;

and their .irticles of steel, particularly the swords of
Gran:ida, were preferred to all others in Spain. In
their architectural plans and ornaments, they were de-
ficient in taste ; but their joiners and inlayers of wood

CfMudt.
Provinek.

worked with the utmost nicety ; and they painted and
gihied their stucco work with singular ikill. L'jion the
banishment of this ingenious people, the arts and scicn- '

ces departe<l with them ; the magnificence, commerce,
and manufactures of Granada rapidly decaye<i ; and
the indolence, poverty, and barbarism, which succeed-
ed in their place, continue, in no small degree, to over-
spread the face of the most highly gifted region in

the world.

Granada is beautifully diversifiedwith majestic moun- Motuitaiia.

tains, extensive plains, and delightful vallies. A chain
of mountains, named the Alpuxarra.s, extends tlirough

the province from west to east. The loftiest points of
the whole range are those of the Sierra Nev.nda, near
the city of Granada, one of which, called Mulhacen, is

1 2,76 i feet above the level ofthe sea; and all above 991

5

feet are covered with perpetual snow. The mountains
towards the south gradually decline in height, till at the

Sierra de Gador, near Almeria, where they rise to the ele-

vation of "MOO feet. At this extremity near Macael is

the celebrated rock called Filabres. which is four miles

in circumference, two thousand feet in height, and
which consists of one entire and solid piece of white
marble. The secondary mountains are of various kinds;

but inimy are composed of marble of different colours,

black, white, red, and flesh colour. About two leagues

from Granada, on the banks of the Xenil, is a quarry
of green serpentine beautifully veined, and capable

of receiving a fine polish. There are many sorts of

alabaster in the mountains which environ the city,

some of which are as brilliant and transparent as orien-

tal cornelians. There are also quarries of jasper, and
a variety of precious stones. In the mountains of this

province are several mines of silver, copper, and lead,

some of which were tbmierly worke<l by the Moors.
Gold is found in the sands of the river Darro ; but of
late the quantity has been small. Mineral waters, both
cold and hot springs, are very abundant in the province;

but few of them have been analysed : They are chiefly

chalybeates, and sulphureous. But one of the most re-

markable circumstances in the mountains of Granada
is the quantity of bones, of men and other animals,

found on their summits, especially at Concud, where
there is a hill entirely composed of them, lying under
a stratum of limestone.

The climate of Granada is cold in the mountainous Climate,

districts ; extremely hot and sultry in the vallies ; but
it is tempered in the plains by the coolness of the wa-
ters, which are conveyed in all directions. The country
is exposed to a number of winds, particuLvly on the

coast ; one of which especially, called Solano, is at-

tended with the most pernicious effects. It is a hot

wind, which blows from Africa, dries up the plants as

soon as it touches them, aflfects the body with the feel-

ings of strong fever, and throws the mind into a state

little better than madness. Murders and as.sas.sination8

are observed to be most frequent during its ]>vevalence.

In this province agricultuie is in a more flouri.ohing Soi^Mid,

state than in any other ilistrict in the south of Spain ;
Pf""*"^*-

and the Vega of Granada, already described, is the

finest and richest plain in the kingdom. The principal

mode employed for aiding the cropi* is the irrigation of
the soil Streams are conveyed along the upper side

of every field by means of emb.mkments, in which
sluices are cut, which convey the w.iter into small gut-

ters ; and these are allowed to run at short intervals,

so as to flood the whole field with ease in the hot sea-

son Great attention is paid to the preservation of

manure, which, according to the old Moorish pr-ictice,
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is collected in large pits, well rammed, to prevent

leaking ; and, when once well rotted, is distributed
""""y^

over the land, in a state almost liquid. It is not ap-

plied, however, to the production of corn, but is used

in the gardens, the melon grounds, and the mulberry

plantations. Yet, without any manure, and by the

mere as«istance of irrigation, the most abundant crops

of grain are raised, especially of wheat, barley, and

maize. On land capable of being properly watered,

the annual produce of wheat is said to be fifty bushels

per acre. Great quantities of rice are cultivated in the

lower grounds near the rivers, and subject to floods

;

and frequently a crop of hemp, or flax, is taken from

the land before the rice is sown. But the Spanish far-

mers pay more attention to the breeding and fattening

of cattle, than to the cultivation of grain or fruits.

They make no hay ; but the grass grows most abun-

dantly in winter, when the cattle are fed in the up-

lands; and after harvest, which is generally in June,

the stubble fields furnish subsistence to the flocks and
herds. The flax and hemp are very cheap ; and the

latter, having a remarkably strong fibre, is thought to

make the best sail cloth. There are very extensive

plantations of mulberry trees, which are cii'.livated

solely for the sake of the leaves, as the food of the silk

worm. The white mulberry, gi-afted on the wild stock,

is considered as the best for that purpose, and as ma-
king the worms yield a finer silk than the red or black

species : The tops are cut off to increase the quantity

of leaves. As much silk is annually raised in the plain

of Granada as furnishes employment to 1500 persons.

The manufactures in the city alone are calculated to

require a supply of 100,000lbs. It is estimated, that

1600 worms produce about one pound of silk; and it is

found, that a mulberry tree, of ten years of age, will

scarcely supply food for as many of these insects as

yield seven pounds. The mountains round the city of
Granada are well calculated for vines, but so little at-

tention is paid to their cultivation, that the wine pro-

duced from them is ofa very inferior kind, and generally

acquires a disagreeable taste from the sheep skins with
tarred seams in which it is brought from the vineyards;
but, in other parts of the province, excellent wines ai-e

made, especially the Tiemo, Moscatel, and Malaga.
The grapes often grow in bunches of eight, ten, and
even fourteen pounds weight, and great quantities are
dried in the sun for exportation. Olive trees are nu-
merou« ; but oil is not produced in sufficient quantity
for the consumption of the inhabitants. Sugar canes are
cultivated in many parts, but especially around Malaga;
and are as large and juicy as those of the West Indies.

Commerce. '^^^ commerce of Granada with the other provinces,
consists chiefly in exchanging corn, wine, and dried
fruits, for oil and silk. Its trade with foreign countries
is carried on from the ports of Almeria and Malaga,
(see Almeria and Malaga,) and consists in exports
of wine, dried fruits, oil, anchovies, lemons, almonds,
lead, kali, sumach ; and in imports of cloths, ironware,
mercery, lace, &c.

lobabitanti. .
The inhabitants of this province, like the Andalu-

sians in general, are considered as the Gascons of Spain,
vain, talkative, boastful and licentious. The women are
represented as sufficiently seducing, handsome in their
figure, and peculiarly attractive as dancers. The lan-
guage is mixed with so many Arabic words, and the
pronunciation so guttural and vitiated, tliat a Castilian
often finds it difficult to understand the speech of an
Andalusian. See the works referred to under the pre-
eeding article, (jq)

5

GRANADA, New, a division of Spanwh America,
lying between 2° and 8° of North Latitude ; is bounded
on the north and east by Caraccas and Cumana, on the
west by Popayan, and on the south by Peru. It ex-
tends in length about 300 miles, and nearly as much in

breadth. It is so far elevated above the level of the
sea, that, though approaching almost to tlie equator, its

climate is remarkably temperate. Its vales and level

districts are not inferior in fertility to the richest spots
of America. Its mountainous tracts abound in mines
of gold, silver, lead, copper, and in precious stones of
various kinds. Its forests afford a variety of excellent
timber, adapted particularly for ship-building. Its

principal towns are Bogota, or Santa Fe de Bogota, the
seat of government, and the see of an archbishop, situa-

ted nearly in 4° North Latitude, and containing 4-0,000

inhabitants ; Flonda, a pleasant little town on the river

Magdalena, about 6"0 miles north-west of the capi-
tal, the principal port for the commerce of the interior

provinces, and containing about 10,000 inhabitants;

Merida, a considerable manufacturing town in 8° 11'

North Latitude, situated in a well-watered valley, about
20 leagues south of I^ake Maracaiba, and containing

11,000 inliabitants ; Neyva, 107 miles south-west of the
capital; Maraquita, 59 miles north-west; St Miguel, 94
miles north-east; Caguan, south of Neyva and I'uniaiu
.5^° North Latitude ; all small settlements, rather in a
declining state. Tliere are likewise several missionary,

stations, especially towards tlie south of the province,

called Los Llanos, and several villages of the Indians.

Antioquia, perhaps rather a separate, province, is also

generally comprehended in that of New Granada. It

is situated towards the west, bounded by Carthagena
on the north, by Popayan on the soutli, and on the west

by Choca. It is mountainous, and abounding in mines;
temperate, well watered, and rich in pastures. Its ca-

pital, of the same name, in the valley of Nori, is situa-

ted in 7° li' North Latitude.

A few manufactures of cotton cloths, carpets, coub-

terpanes, and woollens, chiefly for the pur))oses of in-

ternal consumption, aie carried on in the province. Se-

veral of its native productions, especially chocolate, to-

bacco, and cotton, all of excellent quality, might be col-

lected in great abundance for exportation ; and the ri-

ver Magdalena, which runs through the province into

the Atlantic, and is navigable as far as Florida, 160
leagues from its mouth, affords a commodious outlet to

the European markets. But agriculture and trade are

said to have greatly declined of late years in the pro-

vince ; and its present unsettled state, struggling for

independence of the mother country, though likely to

issue at length in its prosperity, must obviously be ex-

tremely unfavourable to every kind of cultivation or

commerce. Its chiefsupport is derived from the produce

of its gold mines. These indeed can scarcely be called

mines, as the metal is not generally procured by dig-

ging into the earth, but is mingled with tlic soil near

the surface, from wliich it is separatetl by repeated

washings. This work is commonly performed by Ne-
gro slaves, who cannot bear the chill air of the mines,

but are more able than the Indians to support the la-

bours of the field. In some districts, the metal is found

in large grains ; and on some spots, particularly near

Pamplona, single labourers have collected in one day a

quantity equivalent to 1000 pesos. One of the gover-

nors of Santa Fe procured a mass of pure gold estima-

ted to be worth £ 740, which was deposited in the roy-

al cabinet of Madrid as the finest and largest specimen

ever found in the New World,
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fcSnnge, Granada, or Santa Fe as it is sometimes called, f^ives

«*p'» name to an extensive viceroyalty, which is sometimes

.

°"" confoiiiided with the province, properly so denomina-
"^ '~

ted. This kingtlom of New Gran- da was orignially

established in lil?. and was governed by a royal au-

dience, with a captain-general as president. In 1718,

ii was Ibrmeil into a viceroyalty, which was suppresse<l

in IT^-t, and finally restored in 1740. It comprises the

provinces of Carthagena, Panama, Santa Martha, Mara-
caibo, Porto Bello, Antiognia, Choca, Granada I'roper,

Ver.-igua, Mariquita, Rio de la Hacha, Giron, Neyva,
and the I.lanos, which form the northern division, un-
der the jurisdiction of the royal audience at .Santa Fe ;

and the southern districts, Jaen de Bracamoros, Loja,

Cuenza, Macas, Riobamba, Popayan, Quito, Guaynquil,

&c. which are under the jurisdiction of a governor and
royal audience at Quito, who are subordinate to the

viceroy of New Granada. This extensive territory,

when first subjected to Spain in 15S6, was more popu-
lous, and its inhabitants more civilized, than any other

portion of America ; but the amount of its whole po-
pidation is now calculated by M. Humboldt only at

1,800,000. Nothing is wanting for its prosperity, but
the revival of industry and commerce ; and nothing
prevents it from enjoying these benefits, but the imjx)-

litic restrictions and oppressive system of its European
rulers. See Robertson's History of America, vol. iii.

;

Plaj-fair's Geography, vol. vi. ; f-'inkcrton's Geography,
vol. iii.; and Humboldt's Accoimt of New Spaiju (q)
GRANGE, JosEPH-LoLis la,* a celebrated mathe-

matician and natural philosopher, was bom at Turin, on
the 25th of November, 1 7^6. He was the son of Jo-
seph-Louis la Grange, treasurer of war, and of Marie-
Tnerese Gros, only daughter of a rich physician of
Cambiano.

His father was rich, and had made an advantageous
marriage ; but was ruined by hazardous undertakings.

Let us not, however, lament the situation of M. la

Grange. He himself viewed it as the first cause of all

the good fortune that afterwards befel him. " Had I

been in possession of a fortune," said he, " I should

not probably have studied mathematics." In what
other situation would he have found advantages that

could enter into comparison with those of a tranquil

and studious life, with that splendid series of discove-

ries in a branch of science considered as the most diffi-

cult, and with that personal respectability which was
continually increasing to the very last period of hit

life ?

His taste for mathematics did not appear at first.

He was pa.ssionately devoted to Cicero and Virgil, be-

fore he could read Archimedes and Newton. He then

became an enthusiastic admirer of the geometry of the

ancients, which he preferred to the modern analysis.

A memoir which the celebrated Halley had composed
long before, to demonstrate the superiority of the ana-

lytic metho<l, had the glory of converting him, and of

teaching him his true destiny. He devoted himself to

this new study with the same success that he had in

the synthesis, and which was so decided, that at the

.•ige of 16 he wa« professor of mathematics in the Royal
Military School. The extreme youth of a professor is

a great advantage to him when he has shown extraordi-

nary abilities, and when his pupils are no longer chil-

dren. All tlie pupils of M. la Grange were older than

Louu.

himflelf, and were not the less attentive to his lecture* '•• Oftnffi-.

on that account. He distinguished some of them, Jo«i*

whom he made his friends.

From this association sprung the academy of Turin,
which in 175f) publisheil a first volume entitlc<l Acts
of a private Society. We see there the young L«
Grange directing the philosophical researches of the
physician ('igna, and the labours of the Chevalier de
Saluces. He furnished to Foncenex the analytical

part of his memoirs, leaving to him the task of deve-
loping the reasoning upon which the formulie depend*
ed. In these memoirs, which do not bear hig name,
we observe that purely analytical method, which after-

wards characterised his great productions. He had
discovered a new theory of the lever. It constitutes the
third part of a memoir, which was very successful.

Foncenex, in recompense, was placed at the head of
the Marine, which the king of Sardinia formed at tliat

time. The two first parts have the same style, and
seem written by the same person. Do they likewise

belong to La CJrange .'' He never expressly laid claim

to them ; but what may throw some light on the

real author is, that Foncenex soon ceased to enrich the

volumes of the new academy, and that Montucla, ig-

norant of what La Grange revealed to us during the lat-

ter part of his life, is astonishetl thit Foncenex inter-

rupted those researches which might have given him a

great rcp\itation.

M. la Grange, while he abandoned to his friend in-

sulated theorems, j)ublished at the same time, under
his own name, theories which he promised to flevelopc

furtlier. Thus after having given new formula? of tne

maximum and mintmum in all cases, after having shown
the insufficiency of the known methods, he announces
that he will treat this subject, which he considered as

important, in a work which he was preparing, in which,

would be deduced from the same principles all the me-
chanical properties of bodies, whether solid or fluid.

Thus at the age of 2;{ he had laid the foundation of the

great works, which have commanded the admiration

of pliilosophers.

In the same volume he reduces under the differential

calculus the theory of recurrent series and the doctrine

of chancer; which before that time had only been

treated by indirect methods He established them
upon more natural and general principles.

Newton had undertaken to submit the motions of

fluids to calculation. He had made researches on the

propagation of sound ; but his principles were in-

sufficient, and his suppositions inconsistent with each

other. La (Jrange demonstrates this. He founds hi*

new researches on the known laws of dynamics, and,

by considering only in the air the particles which

are in a straight line, he reduces the problem to

that of vibrating cords, respecting which the greatest

mathematicians differed in opinion. He shows that

their calculations are insufficient to decide the question.

He undertakes a general solution by an analysis equally

new and interesting, which enables him to resolve at

once an indefinite number of equations, and which em-
braces even discontinued functions. He establishes on

more solid grounds the theory of the mixture of simple

and regular vibrations of Daniel Bernoulli. He shows

the limits within which this theory is exact, and be-

yond which it becomes faulty. Then he comes to the

• This excellent life of La Grange is taken, with a few slight abridgments, from the el<^e of the Chevalier Delambre, with whoce kind

permission it is here published. As we hare not been able to get a copy of the original elogt, we have been obliged to make lue of the

ranslation : Dr Thornton's Anneb of Philoitj'iy, vol. iii. Es.
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Louis.

La Grange, construction given by Euler, a conatruction true in it-

.Toseph
ggif^ althoiiffh its first author had arrived at it by calcu-

lations whicli vere not quite rigorous. He answers

the objections of D'Alembert. He demonstrates that

whatever fisjure is given to the cord, the duration of

the oscillations is always the same : a truth derived

from experiment, which D'Alembert considered as ver>

difficult, if not impossible, to demonstrate. He passes

to the propagation of sound, treats of simple and com-

pound echos, of the mixture of sounds, of the possibility

of their spreading in the same space without interfering

with each other. He demonstrates rigorously the ge-

neration of harmonious sounds. Finally, he announces

that his intention is to destroy the prejudices of those

who still doubt whether the matJieraatics can ever

throw a real light upon physics.

We have given this long account of that memoir, be-

cause it is tlie first by which M. la Grange became

known. If the analytical reasoning in it be of the

most transcendent kind, the object at least has some-

thing sensible. He recals names and facts which are

well known to most people. What is surprising is, that

such a first es>ay should be the production of a young
man, who took possession of a subject treated by New-
ton, Taylor, Bernoulli, D'Alembert, and Euler. He
appears all at once in the midst of these great mathe-

maticians as their equal, as a judge, who, in order to

put an end to a difiicult dispute, points out how far

each of them is in the right, and how far they have
deceived themselves ; determines the dispute between
them, corrects their errors, and gives them the true so-

lution, which they had perceived without knowing it

to be so.

Euler saw the merit of the new method, and took it

for the object of his profoundest meditations. D'Alem-
bert did not yield the point in disyjute. In his private

letters, as well as in his printed memoirs, he proposed
numerous objections, to which La Grange afterwards

answered. But these objections may give rise to this

question : How comes it that, in a science in which
every one admits the merit of exactness, geniuses of the

first order take different sides, and continue to dispute
for a long time ? The reason is, that in problems of this

kind, the solutions of which cannot be subjected to (he

proof of experiment, besides the part of the calculation

•which is subjected to rigorous laws, and respecting
which it is not possible to entertain two opinions,
there is always a metaphysical part which leaves doubt
and obscurity. It is because in the calculations them-
selves, mathematicians are often content with pointing
out the way in which the demonstration may be made

;

they suppress the developements, which are not always
so superfluous as they think. The care of filling up
these blanks would require a labour which the author
alone would have the courage to accomplish. Even
he himself, drawn on by his subject and by the habits
which he has acquired, allows himself to leap over the
intermediate ideas. He defines his definitive equation,
instead of ai-riving at it step by step with an attention
that would prevent every mistake. Hence it happens
that more timid calculators sometimes point out mis-
takes in the calculations of an Euler, a D'Alembert, a
La Grange. Hence it happens that men of very great
genius do not at first agree, from not having studied
each other with sufficient attention to understand each
other's meaning.
The first answer of Euler was to make La Grange

an associate of the Berlin academy. When he an-
nounced to him this nomination on the 20th of Octo-

ber, 17.59, he said, " Your solution of the problem of iso- La Grai|

perimeters leaves nothing to desire ; and I am happy Jomi

that this subject, witli which I was almost alone occu- '

pied since the first attempts, has been carried l.y you
to the highest degree of perfection. The inijiortance

of the matter has induced me to draw up, with your
assistance, an analytical solution of it. But I sliail not
piiblLsh it till you yourself have published the sequel of.

your researches, that I may not deprive you of any part

of the glory which is your due."

If these jlelicate proceedings, and the testimonies of
the highest esteem, were very flattering to a yotHi^' man
of 24- years of age, they do no less honour to tli'' srreat

man, who at thiit time swayed the sceptre of mathema-
tics, and who thus accurately estimated the merit of a
work that announced to him a successor.

But these praises are to be found in a letter. It

may be supposed that the great and good Euler has in-

dulged in some of those exaggerations which tlu epis-

tolary style permits. Let us see then how he has ex-
pressed himself in the dissertation which his letter an-
nounced. It begins as follows :

" After having fatigued myself for a long time and
to no purpose, in endeavouring to find this integral,

what was my astonishment when I learnt that in tiie

Turin Memoirs the problem was resolved with as much
facility as felicity ! This fine discovery produce i in me
so much the more admiration, as it is very difl"erent

from the methods which I had given, and far surpassea

them all in simplicity."

It is thus that Euler begins the memoir, in wJiich he
explains with his usual clearness the foundation of the
method of his young rival, and the theory of the new
calculus, which he called the calculus of variations.

I'o make the motives of this admiration which Euler
bestowed with so much frankness better understood, it

will not be useless to go back to the origin of the re-

searclies of La Grange, such as he stated them hunself

two days before his death.

The first attempts to determine the maximum and
minimum in all indefinite integral formulae, were
made upon the occasion of the curve of swiftest de-

scent, and the isoperimeters of Bernoulli. Euler had
brought them to a general method, in an original work,
in which the profoundest knowledge of the calculus is

conspicuous. But however ingenious his method was,

it had not all the simplicity which one would wish to

see in a work of pure analysis. The author admitted

this himself He allowed the necessity of a demonstra-

tion independent of geometry. He appeared to doubt

the resources of analysis, and terminated his work by
saying, " If my principle be not sufficiently demon-
strated, yet as it is conformable to truth, I have no
doubt that, by means of a rigid metaphysical explana-

tion, it may be put in the clearest light, and I leave that

task to tlie metaphysicians."

This' appeal, to which the metaphysicians paid no
attention, was listened to by La Grange, and excited

his emulation. In a short time the young man found

the solution of which Euler had despaired. He found
it bi) anali/sis. And in giving an account of the way
in wliich he had been led to that discovery, he said ex-

pressly, and as it were in answer to Euler's doubt, that

he regarded it not as a metaphysical principle, but as a

necessary result of the laws of mechanics, as a simple

corollary from a more general hnv, which he afterwards

made the foun'l;ition of his Mccltauique Analytique.

(See that work, piige 189 of the fii-st edition.)

This noble emulation^ which excited him to triumph
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I Grange, over clifliculties considered as insurmountable, and to
ostpli rectify or complete theories remaining imperfect, ap-
'"""]_ pears to have always directed M. la Grange in the

choice of his subjects.

D'Alembert had considered it as impossible to sub-
ject to calculation the motions of a fluid inclosed in a
yessel, unless this vessel had a certain figure. La
Graiinre demonstrates the contrarj' ; except in the ease

when the fluid divides itself into different masses. But
even then we may determine the places where the
fluid divides itself into different portions, and ascer-

tain the motion of each as if it were alone.

D'Alembert had thought that in a fluid mass, such
as the earth may have been at its origin, it was not ne-
cessary for the diflerent beds to be on a level. La
(irange shows that the equations of D'Alembert are
themselves equations of beds on a level.

In combating D'Alembert with all the delicacy due
to a mathematician of his rank, he often employs very
beautiful theorems, for which he was indebted to his

adversary. D'Alembert on his side added to the re-

searches of La Grange. " Your problem appeared to

me so beautiful," says he in a letter to La Grange,
" that I have sought for another solution of it. I

have found a simpler method of aiTiviiig at your ele-

gant formula." These examples, which it would be
easy to multiply, prove with what politeness these ce-

lebrated rivals corresponded, who, opposing each other
without intermission, whether conquerors or conquered,
constantly found in their discussion reasons for esteem-
ing each other more, and furnished to their antagonist

occasions which might lead ihem to new triumphs.

The academy of sciences of Paris had proposed, as

the subject of a prize, the theory of the libration of the

moon. That is to say, they demanded the cause why
the moon, in revolvLig round the earth, always turns

the same face to it, some variations excepted, observed

by astronomers, and of which Cassini had first ex-

|i plained the phenomena. I'he point was to calculate

K all the phenomena, and to deduce them from the prin-

ciple of universal gravitation. Such a subject was an
appeal to the genius of La Grange, an opportunity fur-

nished to apply his analytical principles and discoveries.

The attempt of D'Alembert was not disappointed. The
memoir of La Grange is one of his finest pieces. We
see in it the first developement of his ideas, and the

germ of his Mecanique Analylique. D'Alembert wrote
to him :

" I have read with as much pleasure as ad-

vantage your excellent paper on the Libration, so wor-
thy of the prize which it obtained."

This success encouraged the academy to propose, as

a prize, the theory of the satellites of Jupiter. Euler,

Clairaut, and D'Alembert had employed themselves

about the problem of three bodies, as connected with

the lunar motions. Bailly then applied the theory

of Clairaut to the problem of the satellites, and it had
led him to very interesting results. ISut this theo-

ry was insufficient. The earth has only one moon
while Jupiter has four, which ought continually to act

upon each other, and alter their positions in their revo-

lutions. The problem was that of six bodies. La
K Grange attacked the difficulty and overcame it, demon-

f strated the cause of the inequalities observed by astro-

nomers, and pointed out some others too feeble to be
ascertained by observations. The shortness of the time

allowed, and the immensity of the calculations, both
analytical and numerical, did not permit him to ex-

haust the subject entirely in a first memoir. He was
sensible of this himself, and promised further results,
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which his other labour* always prevented him from L« rtmtfif
giving. Twenty-four years after, M. La Place took up
that difficult theory, and made imp<jrt«nt discoveries

in it, which completetl it, and put it ui the power of as>

tronomers to banish cni{>iricitini from their tables.

About the same time a problem of i(uite a diiforent

kind attriicted the attention of .M. la Grange. Fermat,
one of the greatest mathematicians of his time, had lefl

very remarkable theorems respecting the properties of
numbers, which he probably discovered by induction.

He had promised the demonstrations ofthem ; but at his

death no trace of them could be found. Whether he
had suppressed them as insufficient, or from some other
cause, cannot now be ascertained. These theorems per-
haps may appear more curious than useful. But it is

well known that difficulty constitutes a strong attraclion

for all men, especially for mathematicians. Without
such a motive would they have attached so much im-
portance to the problems of the brachystrochonon, ofthe
isoperimeters, and of the orthogonal trajectories I Cer-

tainly not. They wished to create the science of cal-

culation, and to pertiect methods which could not fail

some day of finding useful applications. With this

view, tliey attached themselves to the first question

which required new resources. The system of the

world discovered by Newton was a most fortunate

event for them. Never could the transcendant calculus

find a subject more worthy or more rich. Whatever
progress is made in it, the first discoverer will always

retain his rank. Accordingly, M. la Grange, who
cites him often as tiie greatest genius that ever existed,

adds also, " and the most fortunate. We do not find

every day a system of the world to establish." It has

required 100 years of labours and discoveries to raise

the edifice of which Newton laid the foundation. But
every thing is ascribed to him, and we suppose him to

have traversed the whole country upon which he mere-

ly entered.

Many mathematiciane doubtless employed themselves

on the theorems of Fermat ; but none had been success-

ful. Euler alone had penetrated into that difficult road

in which ^L Legendre and M. Gauss atYerwards sig-

nalized themselves. M. la Grange, in demonstrating

or rectifying some opinions of Euler, resolved a pro-

blem which appears to be the key of all the others

;

and from which he deduced a useful result ; namely,

the complete resolution of equations of the second d^
gree, with two indeterminates, wliich must be whole
numbers.

This memoir, printed like the preceding, among
those of the Turin Academy, is notwithstanding dated

Berlin, the 20th September 1768. This date points out

to us one of the few events which render the life of La
Grange, not entirely a detail of fiis writings.

His stay at Turin was not agreeable to him. He i&w-

no person there who cultivated the mathematics with

success. He was imjiatient to see the philosophers of

Paris, with whom he corresponded. M. de Caraccioli,

with whom he lived in the greatest iiitim.-icy, was ap-

pointed ambassador to London, and was to pass through

Paris on his way, where he intended to spend some

time. He proposed this journey to M. la Grange, who
consented to it witJi joy, and who was received as he

had a right to expect by D'Alembert, Clairaut, Condor-

cet, Fontaine, Nollet, Marie, and the other philosophers.

Falling dangerously ill after a dinner in the Italian

style given him by Nollet, he was not able to accompa-

ny his friend to London, who had received sudden or-

ders to repair to his post, and who was obliged to le*ve
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.!» Grange, him ill a furnished lodging, under the cafe of a confi-
Joicph ilential person charged to provide every thing.

, This incident changed his projects. He thought on-

ly of returning to Turin. He devoted himself to the

mathematics with new ardour, when he understood that

the Academy of Berlin was threatened with the loss of

Elder, who thought of returning to Petersburgh. D'A-
lenibert speaks of this project of Euler, in a letter to

>'oltaire, dated the 3d March 1766: " I shall be sorry

for it,'' says he ; " he is a man by no means amusing,

but a very great mathematician." It was of little con-

sequence to D'Alembert, whether this man, hy no means
ummivg, went seven degrees nearer the pole. He could

read the works of the great mathematician as well in

the Petersburgh Memoirs as in those of Berlin. What
troubled D'Alembert was the fear of seeing himself

called upon to fill his place, and the difficulty of giving

an answer to offers which he was determined not to ac-

cept. Frederick in fact offered him again tlie place of

president of his Academy, which he had kept in reserve

for him ever since the death of Maupertuis. D'Alem-
bert suggested the idea of putting La Grange in tlie

place of Euler; and, if we believe the author of the

Secret History of the Court nf Berlin, (vol. ii. p. 4' 1 4,)
Euler had already pointed out La Grange as the only
man capable of filling his place. In fact, it was natural

that Euler, who wished to obtain permission to leave

Berlin, and D'Alembert, who wanted a pretext not to

go there, should both of them, without any communi-
cation, have cast their eyes on the man who was best

fitted to maintain the eclat which the labours of Euler
•had thrown round the Berlin Academy.

La Grange was pitched upon. Me received a pen-
sion of 1500 Prussian crowns, about £2.50, with tlie

title of Director of the Academy for the Pliysico-mathe-
matical Sciences. We may be surprised that Euler and
La Grange, put successively in the place of Maupertuis,
received only the half of his salary, which tlie king of-

•fered entire to D'Alembert. The reason is, that this

prince, who at his leisure hours cultivatetl poetry and
the arts, had no idea of the sciences, though he consi-

dered himself obliged to protect them as a king. He
had very little respect for the mathematics, against
which he wrote three pages in verse, and sent them to

D'.\lembert himself, who deferred writing an answer
•till the termination of the siege of Schweidnitz ; be-
icause he thouglit it would be too much to have both
Austria and the mathematics on his hands at once.
Notwithstanding the prodigious reputation of Euler, we
see, from the king's correspondence with Voltaire, that
he gave him no other appellation than his nan am- mind-
ed geometer, whose ears were not capable of freVmg the
de.icncii of poetry. To which Voltaire replies : We are
a smnlt nmnber of adepts who hiow one another : the rest

are profane. We see that Voltaire, who had writ-
ten so well in praise of Newton, endeavours in this

place to flatter Frederick. He enters out of complai-
sance into the ideas of this prince, who wislied to put
at the head of his academy a man who had at least some
pretensions to literature. Fearing that a mathematician
would not take sufficient interest in the direction of li-

terary labours, and that a man of literature would have
been still worse placed at tlie head of a society compo-
sed in part of philo.sophers, of whose language he was
ignorant; on that account he divided the situation,
and put two persons hi it, that it might be completely
filled.

M. la Grange took possession of his situation on the
(Jth of November 1766. He was well received by the

king ; but soon perceived that the Germans do not like

to see foreigners occupy situations in their country.

He applied to the study of their language. He devo-
ted himself entirely to mathematics, and did not find

himself in the way of any person, because he demanded
nothing ; and he soon obliged the Germans to give him
their esteem. " The king," said he himself, " treated

me well ; I thought that he preferred me to Euler, who
was something of a devotee, while I took no part in the
disputes about worship, and did not contradict the opi-

nion of any one.'' This prudent reserve, if it tleprived

him of the advantages of an honourable familiarity,

which would have been attended with some inconve-
niences, left him the whole of his time for mathematical
labours, which hitherto had brought him nothing but
compliments the most flattering and the most unani-
mous. This concert of praises was only once interrupt-

ed during the whole of his life.

A French m.athematician, who to much sagacity uni-
ted a still greater degree of selfishness, and scarcely

gave himself the trouble to study the works of others,

accused M. la Grange o{ having gone a<lrai/ in the new
route that he had traced, from not having well loider-ttood

the theory of it. He reproached him with having di'cei-

ved himself in his assertions and calculations. La Grange
in reply expresses some astonishment at these harsh ex-
pressions, to which he was so little accustomed. He
expected at least to have seen them founded on some
reasons either good cr b.id ; but he discovered nothing
of the kind. He shews that the solution proposed by
Fontaine was incomplete and illusorj' in certain respects,

Fontaine had boasted that he liad taught mathemati-
cians the conditions whicli render possible the integra-

tion of differential equations with three variables. La
Grange showed him, by several citations, that these

conditions were known to mathematicians long before

Fontaine was capable of teaching them. He does not
deny that Fontaine discovered these theorems himself;
" at least I am persuaded," says he, " that he was as ca-

pable of finding them as an}' person whatever."

It was witli this delicacy and moderation that he an-
swered tlie aggressor. Condorcet, in his elnge of Fon-
taine, is obliged to avow that, on this occasion, his

friend deviated from that politeness which ouglit never
to be dispensed with, but which perhaps he thought
less necessary with illustrious adversaries, whose glory

did not stand in need of these little tlelicacies. Every
one can estimate the value of that apology, especially

when applied to a man who, by his own acknowledg-
ment, studied the vanity of others, that he might have an
opportunity of wounding it. We must at least acknow-
ledge, that he, who saw himself attacked in that man-
ner when he was in the right, and who knew how to

maintain politeness with an adversary who had liimself

dispensed with it, acquired a double advantage over

him, besides victoriously repelling his imprudent attack.

It will not be expected tiiat we should follow .VI. la

Grange in the important researclies with which he fill-

ed the Berlin Memoirs ; and even some volumes of the

Memoirs of the Turin Academy, which was indebted
to him for its existence. All the space that can be de-

voted to this biographical account wouKt not be suffi-

cient even to convey an imperfect idea of the immense
series of his labours, which have given so much value to

the Memoirs of the Berlin Academy, while it had the
inestimable atlvantage of bein;:, directed by M. la

Grange. Some of these Memoirs are of sutli extent
and importance, that tliey might pass for a great sepa-

rate work, yet they constitute a pai-t only of what these

La On:
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LGnui)^, twenty years eiiftblcd him to pro»l(»ce. He had compo-

oscpli gcd iiis Mccaniqur Aiiali/liqite, but he wanted to have it
"'""'^ printed at Paris, wlicre he expcctefl tliat his fonnulie

~ woiilil be pivcn with more care and fidehty. On the

otiier liand, it was running too jfrcat a risk to intrust

the manuscript into the hands of a traveller, who might
not be aware of tlie whole of its value. M. la (>range
made a copy of it, which M. Diichatelet undertook to

deliver to the Abbe Marie, with whom he was intimately

connected. Marie fulfilled with honour the confidence

placed in him. His first care was to find a bookseller who
would undertake to publish itj and, what it will be diffi-

cult to believe at this time, he could not find one. The
newer the methods in it were, and the more sublime
the theory, the fewer readers would be found capable
of appreciating it ; hence, without entertaining any
doubts of the merit of the work, the booksellers were
excusable in hesitating to print a book, the sale of
which would probably be confined to a small number
of mathematicians, disseminated through Europe. De-
sain, who was the most enterprising of all those to

wfiom application was made, would not undertake to

publish it, till Marie entered into a formal engagement
to take all the copies of the edition which were not sold

by a given time. To this first service, Marie added
another, of which M. la Grange was not less sensible ;

he procured him an editor worthy of superintending
the publication of such a work. M. Legendre devotetl

the whole of his time to the troublesome task of correct-

ing the press, and was repaid by the sentiment of ve-
neration for the author with which he was penetrated

;

and by the thanks which he received from him in a let-

ter which I have had in my possession, and which M. la

Grange had fiUetl with expressions of his esteem and
his gratitude.

The book was not yet published when the author
came to settle in Paris. Several causes determined him
to take this step ; but we must not give credit to all

that have been stated. The death of Frederick had oc-

casioned great changes in Prussia, and still greater were
to be apprehended. Philosophers were no longer so

much respectetl as formerly. It was natural for M. la

Grange again to feel that desire which had formerly

conducted him to Paris. These causes, together with
the publication of the Mccanique Analytique, were suffi-

cient. It is not necessary to add other causes, which
several publications that made their appearance in Ger-
many, and particularly the anonymous historian of the

court of Berlin, have noticed. We never, during a re-

sidence of 25 years in France, heard M. la Grange pre-

fer the slightest complaint against the minister, who is

accused in that publication of having disgusted him by
a treatment full of haughtiness and contempt, which,
out of respect for himself, it was impossible for M. la

Grange to overlook. We might suspect that M. la

Grange had sufficient generosity to forget or pardon
bad treatment, whicli he punished in the only way wor-
thy of himself, by leaving the country where his merit
was overlooked ; but when he was directly questioned
on tliat subject by a member of the Institute, (M. Burck-
hardt,) he only gave negative answers, and assigned no
other motives than the misfortunes which it was thought
were about to fall upon Prussia. M. de Hertzberg was
dead, and M. de la Grange, a senator and count of the
French empire, could have no intere.st in concealing the

truth. Hence we must consider his own statement as

affording the onlj' true reasons.

The hi.storifin, therefore, whom we have quoted, has

\jgea. ill informed. But the ^irit of calumny and sa<

i.5l
tire, which has so justly rendered his work suspected,
ought not to prcTent us from extracting from it the lines
in which he explains, with that energy which is pecu-
liarly his own. Ills opinion, which is that of all Europe,
when he does justice to M. la CJrange.

" I think," says he,
(
IlUt. Sec. de h Cour rig Ihilitr,

1789, top), n. page 173,) " that there is at this mom.Tit
an acquisition worthy of the king of France, the illus-
trious La Grange, the greatest mathematician who has
appeared since Newton, and who in every point of view
is theman that has the most astonished me;—LaCJrange,
the wisest, and perhaps the only practical pliilo»f)pher
that ever existed, meritorious by his undisturbable wis-
dom, his manners, his conduct ; the object of the most
tender respect of the small number of men with whom
he associates :—La Grange is misunderstoo<l ; every
thing leads him to leave a country where nothing can
excuse the crime of being a foreigner, and where in fact
he is inerely tolerated. Prince Cardito de Lafrre<lo,
Neapolitan minister at Copenhagen, oficred him the most
flattering conditions on the part of his sovereign. The
Grand Duke, the[king of Sardinia, invited him eagerly

;

but all their proposals would be easily obliterated by
ours. I am very eager to see this proposal made, he-
cause I consider it as noble, and because I tenderly love
the man who is the object of it. I have induced M.
la Grange not to accept immediately the proposals made
to him, and to wait till he receives ours."

The author whom we quote appears to fear the op-
position of M. Bretcuil ; but, according to M. la (jrange
himself, it was the Abbe Marie who proposetl it to .VI

.

Bretenil, who on all occasions anticipated the desires of
the Academy of Sciences, presente<l the demand to
Louis XVI. and induced him to agree to it.

The succes.sor of Frederick, although he did not much
interest himself in the sciences, made some difficulty in
allowing a philosopher to depart whom his predecessor
had invited, and whom he honoured with his jiarticii-

lar esteem. After some delay, M. la Grange ol)tainerl

liberty to depart. It was stipulated that he should
still give some memoirs to the IJerlin Academy. 'I'he

volumes of 1792, 1793, and 1803, show that he faith-

fully kept his promise.

It was in 1 787, that M. la Grange came to Paris to

take his seat in the Academy of Sciences, of which lie

had been a foreign member for fifteen years. To give
him the right of voting in all tlieir deliberations, this title

was changed into that of veteran prnsionari/. His new
associates shewed themselves happy and proud in pos-
sessing him. The qileen treated him with regard, and
considered him as a Germ;m. He had been recom-
mended to her from Vienna. He obtained a lodging
in the Louvre, where he lived happy till the Itevolu-
tion.

The satisfaction which he enjoyed did not show itself

outwardly. Always affable and kind when interroga-

ted, he himself spoke but little, and appeared absent
and melancholy. Often in companies which must have
been suitable to his taste, among the most distinguish-

ed men of all countries who met at the house of the il-

lustrious I^voisier, I liave seen him dreaming, as it

were, with his head against a window, where however
nothing attracted his attention. He remaine<l a stranger

to what was {mssing around him. Heacknowledged him-
self that his entliusiasm was gone, that he had lost his

taste for mathematics. When informed that a mathe-
matician was employed at such a task, " so iiiucli the
better," he would say ;

" 1 had l)ej;un it, now it will be
unnecessary for me to iiuuih it." But be merely cbau>
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ta Oraine, ged the object of his studies. Metaphysics, the history

Joseph of human nature, that of different religions, the general

theory of languages, medicine, botany, divided his lei-

sure hours. When the conversation turned upon sub-

jects with which it was supposed he was unacquainted,

we were struck by an unexpected observation, a fine

thought, a profound view, which excited long reflec-

tions. Surrounded by chemists who wei-e reforming the

theory and even the language of the science, he made
himself acquainted with their discoveries, which gcve

to facts formerly isolated that connection which distin-

guishes the different parts of mathematics. He under-

took to make himself acquainted with this branch of

knowledge, which formerly appeared to him so obscure,

but which he found on trial as easif as algebra. People

havebeen surprised at this comparison, and have thought

that it could come from no one else than La Grange. It

appears to us as simple as just ; but itmust be taken inits

true sense. Algebra, which presents so many insoluble

problems, so many difficulties against which La Grange
himself struggled in vain, could not in that sense appear

to him an easy study. But he compares the new elements

ofchemistry with those of algebra. They constituted

a body, they were intelligible, thej' offered more cer-

tainty ; they resembled algebra, which in the part of it

that is complete presents nothing difficult to conceive,

no truth to which we may not arrive by the most pal-

pable reasoning. The commencement of the science

of chemistry appeared to him to offer the same advan-
tages, perhaps with somewhat less stability and certain-

ty ; but, like algebra, it has no doubt also its difficul-

ties, its paradoxes, which will require to explain them,
much sagacity, reflection, and time. It has likewise its

problems which never will be resolved.

In this philosophic repose he continued till the Revo-
lution, without adding any thing to his mathematical
discoveries, or even opening his Mecanique Analytiquc,

which had been published for two years.

The Revolution gave philosophers an opportunity of
making a great and difficult innovation : the establish-

ment of a system of weights and measures founded on
nature, and perfectly analogous to our scale of numbers.
La Grange was one of the commissioners whom the

Academy charged with that task. He was one of its

keenest promoters. He wished to see the decimal sys-

tem in all its purity. He was provoked at the com-
plaisance of Borda, who got quarters of the metre made.
He thought the objection of little importance which was
drawn against the system from the small number of di-

visors that its base afforded. He regretted that it was
not a prime number, as 11, which would have given
the same denominator to all the fractions. This idea

perhaps will be regarded as one ofthose exaggerations,

which are hazarded by men of the best understandings,

in the heat of dispute. But he mentioned the number
11 merely to get rid of the number 12, which more in-

trepid innovators would have wished to substitute in

place of the number 10, that constitutes the base of the
whole of our numeration.
When the Academy was suppressed, the commission

charged with the establishment of the new system was
retained for a time. Three months had scarcely elap-

sed when, in order to purify that commission, tlie names
of Lavoisier, Borda, La Place, Coulomb, Brisson, and
Delambre, were struck out. La Grange was retained.

In quality of president, he informed me, in a long letter

full of kimlness, that I should receive official informa-
tion of my removal. As soon as he saw me on my re-

turn to Paris, he expressed to me his regret at the dis-

missal of so many associates. " I do not know," said I.(

he, "why they have retained me." But unless the

suppression had been total, it could scarcely have ex-

tended to him. The more losses the commission had
sustained, of the more importance was it not to deprive

it of theconsideraiion attached to the name ofLaGrange.
Besides, he was knov/n to be wholly devoted to the sci-

ences ; he had no place either in the civil department
or the administration. The moderation of his character

had prevented hirr. i"rom expressing what he could not

but think in secret ; but I ehall never forget the con-
versation v.hich I had with him at that period. It'was

the day after the atrocious and absurd sentence, contra-

ry to e'.ery thing like justice, had thrown all lovers of
the sciences into riourning, by cutting off the most il-

lustrious philosopher in Europe. " It has cost them
but a moment," said he, " to cut off that head, and a
hundred years perhaps will not be sufficient to produce
anoUier like it.'' Some months before we had had a
similai- conversation in the cabinet of Lavoisier, on ac«

count of the death of the unfortunate Bailly. We la»

niented togetiier the dreadful consequences of the dan-
gei'ous experiment which the French had attempted.
All these chimerical projects of amelioration appeared
to him very equivocal proofs of the grfutness of the hu-
man mind. " If you wish to see it truly great," added
he, " enter into the cabinet ofNewton employed in de-

composing light, or in explaining the system of the

world."

Already for some time he had regretted not having
listened to the advice of his friends, who at the com-
mencement of our troubles had recommended him to

seek an asylum, wliich it would have been so easy for

him to find. As long as the revolution seemed only to

threaten the pension which he enjoyed in France, he
had neglected that consideration, out of curiosity to be
upon the spot of one of those great convulsions which
it is always more prudent to obsei-ve at a distance. " It

was your own choice," said he several times to himself

when he entrusted me with his regret. It was to no
purpose that a special decree of the Constituent As-
sembly had ensured the payment of his pension. The
decree was of no value, because the depreciation of the

pai)er currency was sufficient to render it illusory. He
had been named member of the Board of Consultation,

appointed to-examine and reward useful inventions. He
had been appointed one of the administrators of the

Mint. This commission ofl'ered liim few olyects to fix

his attention, and could in no degree remove his appre-
hensions. It was again proposed to draw him to Ber-
lin, and to restore him to his former situation. He had
agreed to the proposal. Herault de Sechelles, to whom
he had applied for a passport, offered him, for the great-

er security, a mission to Prussia. Madame La Grange
would not consent to quit her country. This repug-

nance, which at that time he considered as a misfortune,

was to him a source of fortune and of new glory.

The Normal School, of wliich he was named profes-

sor, but which had only an ephemeral existence, scarce-

ly gave him time to explain his ideas respecting the

foundation of arithmetic and algebra, and their applica-

tion to geometry.
The Polyteciinic School, the result of a happier idea,

had likewise a more durable success : and among the

best effects which it produced, we may place that of
having restored La CJrange to Analysis. It was there

that he had an opportunity of developing those ideas,

the germ of which was to be found in two memoirs tliat

he had published in 1 772, and the object of which wae
5
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iGnnge. to explain tlie true metaphysics of the differential and
loser'' integral calculus. To render these happy develope-
1/>\M. nicnts more easily imderstood, the prol'cssor associated
*^ himself with his pupils. It was then that he composed

his Analytical Functions, and his Lectures on that Cal-

culus, of which he published several editions.

It was then likewise that he published his treatise on
the numerical solution of equations, with notes on seve-

ral points of the theory of algebraic equations.

It is said that Archimedes, whose great reputation,

at least with the historians, is founded upon the ma-
chines of all kinds, by means of which he retarded the

taking of Syracuse, despised these mechanical inven-

tions, on which he wrote nothing, and placed imjwrt-

ance only in his works of pure theory. We may some-
times conceive, that the great mathematicians of our
age entertained the same sentiments with Archimedes.
They consider a problem as solved when it presents no
analytical difficulty, when nothing remains to be done
but differentiations, substitutions, and reductions, ope-

rations which require merely patience, and a certain

dexterity derived from practice. Satisfied with having
removed all the real difficulties, they concern themselves
perhaps too little with the embarrassments wliich they
leave to the calculator, and with the long labour neces-

sary in order to make use of their formula, even after it

has been suitjibly reduced. M. la Grange had more
than once attempted to abridge the usual calcula-

tions.

The general resolution of algebraic equations is sub-
ject to difficulties which are considered as insurmount-
able ; but in practice every determinate problem brings

us to an equation, all the co-efficients of which are given
in numbers. It would be sufficient, therefore, to have
a sure method of finding all the roots of such an equa-
tion, which is called numerical. This was the object
which M. la Grange proposed to himself. He analyses
all the known methods, and shews their uncertainty and
insufficiency. He reduces the problem to the determi-
nation of a quantity smaller than the smallest difference

between the roots. I'his is something. We cannot
ton much admire the analytical skill displayed through-
out the whole work. But notwithstanding all the re-

sources of the genius of M. la Grange, we cannot con-
ceal that the labour of his method is exceedingly great,

and calculators will doubtless continue to prefer me-
thods less direct indeed, but more expeditious. The
author resumed this subject no less than four times. It

is to be feared, that a commodious and general solution

will never be discovered, or at least it must be sought
for by other means. The author seems to have ac-
knowledged this himself, as he recommends the me-
tho<l of M. Budan as the most convenient and elegant
for resolving equations whose roots are all real.

The desire of multiplying useful applications induced
him to undertake a new edition of the Mecanique Ana-
lylique. His project was to develope the most useful
parts of it. He laboured at it with all the ardour ajul in-
tellectual power which he could have applied at any
period of his life. But this application occasioned a
degree of fatigue, which threw him into a fainting fit.

He was found in that state by Madame La Grange.
His head in falling had struck against the corner of a
table, and this shock had not restored him to his senses.
This was a warning to take more care of himself. He
tliought so at first ; but he was too anxious to finish his
work. The first volume had appeared some time be-
fore his death. It had been followed by a new edition
of his Fonclions Anali/tiques. So much labour exhaust-

L«uuk

ed him. Toward* the end of March a fever came on, L« G'»»g*«
he lostJiis appetite, his sleep was uneaiy, and his w«- ^"•^
king was accompanied by alarming swooning*. He ,

perceived his danger ; but, preserving his undisturb.
able serenity, he studied what passed within him, and,
as if he were assistmg at a great and uncommon expe.
riment, he. bestowed all his attention on it. Hi» re-
marks have not been lost. Friendship conducted to
his house on the 8th of April, in the morning, .MM. I.a.
cepede, Monge, and Chaptal, who took care to write
down the principal points of a conversation which was
his last. (We have scrupulously followed these notes,
and the passages under inverted commas are faithfully
copied from the manuscript of M. ChaptaL)

" He received them with tenderness and cordiality.

I was very ill, my friends, (said he,) the day before
yesterday ; I perceived myself dying, my body became
weaker, my moral and physical powers were gradually
declining ; I observed with pleasure the gradual dimi-
nution ofmy strength, and I arrived attlie point with-
out pain, without regret, and by a very gentle decli-

vity. Death is not to be feared, and when it comes
without violence, it is a l^et fimction, which is neither
painful nor disagreeable." Then he explained to them
his ideas respecting life, the seat of which he consider-
ed as spread over the whole body, in every organ and
all parts of the machine, which in his case became
equally feebler in every part by the same degrees.
" A little longer, and there would have been no func-
tions, death would have overspread the whole body,
for death is merely tho absolute repose of the body ; I

wished to die," added he with greater force, " I found a
pleasure in it ,• but my wife did not wish it. I should
have preferred at that time a wife less kind, less eager
to restore my strengtii, and who would have allowed
me gently to have finished my career. I have perform-
ed my task, I have acquired some celebrity in the ma-
thematics, I have hated nobody, I have done no ill ; it

is now proper to finish."

As he was very animated, especially at these last

words, his friends, notwithstanding the interest with
which they listened to him, proposed to retire. He
retained them, began to relate to them the history of
his life, of his labours, of his success, of his residence

at Berlin, where he had often told us what he had seen
near a king ; of his arrival at Paris, the tranquillity he
had enjoyed at first, the anxiety occasioned to him by
the Revolution, and how he had been finally rewarded by
a powerful monarch, capable of appreciating his worth.
He had neither been ambitious of riches nor honour;

but he had received both with respectful gratitude,

and rejoiced at the acquisition for the advantage of the
sciences.

I^a Grange had not lost all hope of cure ; he believed

only thathisconvalescencewould be tedious. He offered,

when he recovered his strength, to go and dine at M. La«
cepede's country house with MM. Monge and Chaptal,

and proposed to give them details respecting his life,

which could be found nowhere else. These details arc

irretrievably lost. We do not even know to what he al-

luded, nor what he could have added to the second vo-

volume of tlje Mecanique Analytiqiie, which was then
in the press. We have just learned that the Counters
la Grange has put into the hands of M. Prony the com-
plete manuscript of the second volume, in which will

be found imjiortant additions, and sections entirely

written anew. By the care of an etiitorso skilful, and
so devotetl to the memory of the author, the philoso-

phical world is 8iu% of obtaining with the greatest ac>
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Ka «range, curacy and dispatch what is wanting to complete the
Joseph work, and perhaps even memoirs entirely new.

" During this conversation, which lasted more than

two hours, his memory often failed him ; he made vain

efforts to recover names and dates, but his discourse

was always connected, full of strong thoughts and bold

expressions." This exercise of his faculties wasted the

whole remains of his strength. Scarcely had his friends

left him, wlien he fell into a fainting fit, and he died

two days after, on tlie 10th of April, 1S13, at three

quarters past nine o'clock in the morning.*

M. la Grange was of a delicate but good complexion.

His tranquillity, his moderation, an austere and frugal

regimen from which he rarely deviated, prolonged his

life to the age of 77 years, two months, and ten days.

He was twice married : first at Berlin, in order to be

on a footing with tlie rest of the academicians, none
of whom were bachelors. He brought from Turin one

of his relations. He married her, and lost her after a

long illness, during which he had bestowed on her the

most tender and unremitted care. When he afterwards

married, in France, Mademoiselle Lemonnier, daugh-
ter of the celebrated astronomer of that name, he said to

us, " I had no children by my first marriage ; I do not

know if I shall have them by my second; but I scarcely

desire them." What he principally wished was an
amiable companion, whose society might afford him
some amusement during the intervals of his studies,

and in this respect he was very successful. Madame
la Grange, daughter, grandaughter, and niece, of mem-
bers of the Academy of Sciences, was deserving of the

name which he gave her. This advantage in her eyes
making up for the difference of their ages, she soon felt

for him the tenderest regard. He was so grateful that

he could scarcely bear to be separated from her, and
it was on her account alone that he felt any regret at

relinquishing this life ; and he was often heard to say,

that of all his gootl fortune, that which he prized the

most was having obtained a companion so tender and
attached to him. During the ten days that his illness

lasted, she never quitted him for a moment, and was
constantly employed in recruiting his strength and pro-
longing his existence.

He loved retirement ; but did not insist upon his

young wife following his example. On her account he
went out more frequently, and indeed his high situa-

tions obliged him to show himself in the world. It

was often apparent that he continued the meditations
in public which he had begun in his cabinet. It has
been said that he was not insensible to the charms of
music. In fact, in a numerous company he was not
displeased at a concert. On one of those occasions I

asked him what he thought of the music : " 1 love it,"

»ays he, " because it leaves me to myself. I listen to it

during the first three measures, but I hear no more of
it ; I give myself up to reflection, nothing interrupts
me, and in this way I have solved many a difficult

problem." Hence the finest music nuist have been
that during which he was inspired with the finest of his
thoughts.

Louis.

Though he had a venerable figure, he would ne- La Gniiij!

ver allow his portrait to be drawn. More than once, Joseph

by a very excusable piece of address, persons have ,^

been introduced during the meeting of the Institute,

to take a sketch of him without his knowledge. An
artist sent by the Academy of Turin drew in this

manner the outline from which was constructed the

bust that was exhibited for some months in the hall

of the Institute, and is at present in the library. A
cast was taken of him after his death ; and some time

before, while he slept, a picture of him was taken,

which is said to resemble him very much.
Gentle and even timid in conversation, he took a

pleasure in asking questions, either to draw out others,

or to add their reflections to his own vast knowledge.

When he spoke, it was always in a tone of doubt, and
his first words usually were, / do itol know. He re-

spected the opinions of others, and was very far from
laying down his own as a rule. Yet it was not easy

to make him change them. Sometimes he even de-

fended them with a degree of heat, which continued

to increase till he was sensible of some alteration in

himself; then he immediately resumed his usual tran-

quillity. One day, after a discussion of this kind, M.
la Grange having left the room, Borda remaining alone

with me, allowed these words to escape him : " I am
sorry to say it of a man like M. la Grange, but I do
not know a more obstinate person.'' If Borda had
gone away first. La Grange might have said to me as

much of our associate, who was a man of excellent

sense and considerable wit ; but who, like La Grange,

did not easily abandon those opinions which he had

adopted after a mature examination.

A gentle and good-natured irony was often remark-

able in the tone of his voice ; but I never saw any per-

son hurt at it ; because it was necessary to have well

understood every thing that went before to perceive

the true intention of it.

Among all the master-pieces which we owe to his

genius, his Mecaniijue is certainly the most remarkable

and the most important. The Fonctions Analijtiques

hold only the second place, notwithstanding the fruit-

fulness of the principal idea, and the beauty of the de-

velopements. A notation less commodious, and calcu-

lations more embarrassing, though more luminous, will

prevent mathematicians from employing, except in cer-

tain difficult and doubtful cases, his symbols and names.

It is sufficient that he has proved the legitimacy of the

more expeditious processes of the differential and in-

tegral calculus. He has himself followed the ordinary

notation in the second editien of his Mecanique.

This great work is entirely founded on the calculus

of variations, of which he was the inventor. The
whole flows from a single formula, and from a principle

known before his time ; but the whole utility of which

was far from suspected. This sublime composition in-

cludes all his other preceding labours which could ba
connected with it. It is distinguished likewise by the

philosophical spirit which reigns from one end of it to

the other. It is likewise the best history of that part

" The body of La Grange was deposited In the Pantheon, beside those of a number of unknown senators. We copied the following

iVciiption from his stone tomb.

Joseph Louis La Girunge

Senateur, Comte de L'limpir*

Grand Offlcier de la Legion d'Honncur,
Grand Croix de L'Ordre Imperial de la Reunion.

Membre de L'Institut, ct de Bureau des Longitudes

Nc k Turin Departeaient du Po, le xxv Janvier 1736,

Heced^ r Faria le x Avril 181i En.
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of the science,—« history which could only have been gance of its spire, which consiat* erf" a qnadrangnlar G«»ato»a

written by a man perfectly master of his subject, and tower, containing three stories. At each angle of the '

superior to all his predecessors, whose works he ana- parapet is an hcxangtilar crockctte<l pinnacle, over ._
' lyses. It forms a most interesting piece of reading, which rises an octagonal spire, ornamented with crock*

even to him who is not capable of appreciating all the ets in the angles, and at these several distances encir-

details. Such a reader will at least find the intimate cled with windows having triangular heads. The
connection of all the principles on which the greatest height of the tower to the battlements is 13.5 feet, and
mathematicians have founded their researches into me- from that to the top of the vane 1.S8, making a total

chanics. He will there see the geometrical law of the height of 273 feet The nave, including the chancel

celestial motions deduced from simple mechanical and and side aisles, is 1 1 (i feet long inside, and 80 feet

analytical considerations. From these problems, which broad. The church contains several handsome marble

serve to calculate the true system of the world, tlie monuments. The front, which is octangular, is deem-
author passes to questions more difficult, more com- ed a handsome specimen of ancient sculpture. The
plicated, and wliich belong to another order of things, crypt under the aisle is upcd as a chamel- house, which

Tliese researches are only objects of pure curiosity, as contains great numbers of bleached sculls and Ixines.

the author announces, but they show the extent of his The vestry has been fitted up to receive the library of

resources. Finally, we see there his new theory of the the Uev. l)r Kewconie, a native of Clranthani. who l)e-

variations of arbitrarj- constant quantities of the motion quealJied it for the use of the town and neighl)ourliood.

of the planets, which had appeared with so much eclat The guildhall was rebuilt in 1787, and contains a

in the Memoirs of the Institute, where it had shown large a|>artment for an assembly-room. The frce-'chool

that the author, at the age of 75, had not sunk from was founded by Richard Fox, Bishop of Winchester,

the rank which he had filled for so long a time in the and in the present school-house Sir Isaac Newton stu-

epinion of all mathematicians.*' died the classics for several years. Without the Spit-

GRANOEMOUTH. See Borrowstoness and Stir- tlcgate is the Grantham Spa, a mild chalybeate, con-

<.INGSUIRG. taining a small portion of aerated iron.

GRANITE. See MiNEHALOGY. A canal has some time ago been cut from Grantham
GRANSON, or Grandson, is the name of a small to the river Trent, a distance of .SO miles, with a fall of

town in the canton of the Pays de Vaud. It is situa- 148 feet to the river Trent. In 179S. £ll4,7.'54' had

ted on the western bank of the lake of Neufchatel, about been expended on the undertaking, and the tonnage

a mile from the foot of Mount Jura, which here bears then amounted to £43S1. Corn and coals are the prin-

the name of Thevenon. In approaching this town cipal articles which it conveys. There is a race-course

from Yverdun, it appears finely situated above the in the neighbourhood of Grantham, where races are

lake, and is particularly distinguished by its lofty cha- held annually.

teau crowned with five or six towers. At the entrance The following is the population of the borough and

to the town there is an old church, which does not ap- parish, according to the census of 1811.

pear to be used. The road passes through an arch sur- Number of inhabited houses 673

mounted with a tower and spire. The numlier of houses Do. of families 776
in 1814, when we pa.ssed through it, was 100. The op- Do. employed in agriculture .... 61

posite bank of the lake of Neufchatel is a lofty ridge Do. in trade and manufactures .... 430
finely wooded, with the grand range of the eastern Males 1677

Alps towering above it. Females l!)69

Granson is celebrated in the history of Switzerland, Total population S6l-6^

for the great battle which the Swiss gained over Charles See Beauties of England aad Wales, vol. ix. p. 766.

the Bold, Duke of Burgundy, on the 3d of March 1 176. GRANTOWN. See Morayshire.
The Duke's army, which was 6000 strong, occupied GRAPHO.METER, is a name sometimes given to

Granson, and the villages of Poissine, Corsalette, Giez, instruments similar to goniometers, or to particular mo-
Vallieres, and Tuileries, and was defended on the right dificitions of the theodolite. See Goniometer.
by the lake, and on the left by Mount Aniou, antl on GR.\TZ, or Graz, is the name of an ancient town in

the east by the Thevenon, and by entrenchments on the duchy of Styria, situated on the river Muehre. The
every other point. The battle began near Concise and town of Gratz is well built, the streets spacious and well

the Chartreuse of Lalance, and terminated in the com laid out, and the houses, which are almost all of stone,

plete defeat of the Duke of Burgundy, who lost all his are neat and commodious. The town, properly so call-

baggage and jewels. One of his diamonds, which was ed, is very small, and is surrounded with walls, ditches,

the largest then known, was found by a Swiss soldier, and fortifications : but the suburbs are very large, and

and sold for a florin to the curate of Montagny. This have lately increased with rapidity. The suburb.^ lie

diamond was afterwards sold to Pope JuUus II. for round the town like distinct villjiges, and are inter-

20.000 ducats. Other two diamonds were found by mingletl with gardens and vineyards. The citadel is

the Swiss, one of which now forms part of the imperial situated within the town, on a very steep hill, about

treasury of Vienna, and the other belongs to the crown 600 or 700 feet above the level of the river, and has a

of France. well communicating with the Muehre. It was once a

GRANTHAM, a town of England in Lincolnshire, place of considerable strength ; but it has been so much
is situated on the river Witham, near the ancient Roman neglectetl, that in the year 1797, it offered no resistance

road, called Ermine Street. The town, wliich is neat upon the approach of the French. One of the princi-

and clean, and contains many excellent houses, consists pal objects of interest at Gratz is the imi>erial mauso-

of four principal streets, called Westgate, Watergate, leum of Ferdinand 1 1, who was born in this town in

Castlegate, and Swinegate. The church, which is cle- 1578. The architecture is not in the best style; but

gantly built of stone, consists of a nave, with spacious its interior is richly ornamented with sculpture. The
north and south aisles. It is lighted with handsome life of the Emperor Leopold is represented on the roof,

painted windows, and has been celebrated for the ele- in several emblematic paintings. On the top of the

9
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Srassei mausoleum is an observatory, which was once well fur- spacious nave and chancel, &c. The town-hall was

nished with astronomical instruments. The emperor's erected in 1764, and has a poultry market below it. It

second son John Chai-les, and Mary Anne, Duchess of is supported by six columns in front, and three arches

Bavaria, his consort, are buried along with Ferdinand behind. A neat little tlieatre, witli a brick front and
in thecircularchapelinthelower partof themausoleum. wooden sides, and a small projecting wooden portico.

The assembly-room and the theatre, which are both surmounted by a bust of Shakespeare, was built in

under one roof, form a very extensive building. The 1808; and a handsome chapel in 1812, on the north

arsenal, the house of the states, and the private residen- side of the London road. A new wharf and crane were
ces of the Count Sauran, Loibel, and Wermbrand, are erected in 1 767, and two batteries of 16 guns each have
the other buildings deserving of notice. The castle, more recently been built, for tlie defence of tlie town,
which was formerly tlie residence of the Dukes of Sty- There is here a small manufactory for cables and ropes,

ria, is now the dwelling of the governors, and the seat and a yard for ship-building. Most of the outward
of the regency. The house in which Bonaparte resided bound ships are supplied with live and dead stock at

is very spacious, and is now shown as one of the curio- Gravesend, and also witli vegetables, for the cultivation

cities of the town. Grata is the see of a bishop, who of which about 80 acres of ground are appropriated,

generally resides at it about eight months in the year. The town is often crowded with seamen and strangers.

At no great distance from the town are several hand- from the great quantity of shipping that usually lie at

some villages, and the intermediate space between them anchor in the channel near the town ; and in summer
and the suburbs is covered by country houses, large many visitors are attracted by the accommodations of a
and small, farm houses, and detached cottages, so that new bathing-house, which was built by subscription in

the whole of this tract, when seen from the cita- 1 796. About 1 8 or 20 Gravesend smacks are employ-
del, forms a rich and pleasing picture, and not only oc- ed in the cod and haddock fishing.

cupies a plain of above 18 square miles, but encroaches According to the population return for 1811, Graves*
even upon the neighbouving hills. These hills are of a end parish contains
moderate height, and are partly covered v/ith wood, and Number of inhabited houses . . . 525
partly occupied with fields, vineyards, and meadows. Number of families 6"98

np to their very summits. The population of Gratz Do. employed in agriculture ... 83
has been stated in some statistical tables at 40,000

;

Do. in trade and manufactures . . . 457
but it probably does not exceed 33,000. The popula- Number of males 1505
tionofthe circle of Gratz, one of the five circles of Do. females 1614
Styria, is 296,424. East Longitude, according to ac- Total population 3119
curate observations, 15° 27' 15", North Latitude 47° 4' See Beauties of England and Wales, vol. vii. p. 577.
9". See Styria. GRAVLMET'ER. See Hvdromijter.
GRASSES. See Agriculture Index. GRAVITATION. See Astronomy, p. 599 ; Chap-
GRAVE-Harmonics, in Music. See HARMO^'K•s, ters I. II. III. IV. V. of P^/y*icnZ Astronomy; and also

Grave and Acute'. the articles Attraction and Newton.
Grave Intervals, according to Maxwell and Liston, GRAVITY, Si'Ecuac. See Hydrodynamics and

are such as are lessened by the major comma ; they are Specific Graviti/.

marked with the grave accent (^), and are usually call- GRAY, Thomas, an eminent English poet, was born
edby us. Comma-deficient intervals. at Cornhill in London, on the 20th of December 17 16.

The Grave Diesis of Liston, £^=:£— crrlOS
-f-

m. His father, Philip Gray, was a money scrivener of the
is the Minor Comma, which see. city. His mother, whose maiden name was Dorothy
The Grave Limma of Liston, S'= S— c, = 36 2 -{- Antrobus, M'as, owing to the bad usage ofher husband,

f 4- 3 m, is the Semitone Minor, which see. oblig'ed to apply to an eminent civilian for his advice
The Grave To/je of Liston, (p. 14.) T*=T— c, as to a separation from him. Our poet, their fifth child,

= 93 2 -J- 2 f
-J- 8 m, is the Tone Minor, which sec. owed his life to the affectionate courage of his mother.

Grave Fourth of Holden, or bearing fourth, has the who, by opening a vein witli her own hand, removed a
ratio i^, = 240.06077 X -|- 5 f

-J- 20 m ; and is the Les- paroxysm which attacked him in his childhood. To
ser false Fourth of the trumpet, which see. this parent's exertions he was also indebted for his edu-
Grave Semitone of Holden, or deficient semitone of cation ; so that, coMsidering the unhappiness of her life,

the same author, (p. 341.) has the ratio i^, =z and the gratitude which her son owed her, we can easi-

43.0529042 -|-f-J- 4m; itscommon log. =.9788 107,0093; ly conceive the truth of what Mason tells us, that Gray
it is -f 43.234017 X 2, = 3.92754 X c, = .070.S89 x always mentioned his mother's name with a sigh. Gray
VIII. M. Feyton mentions it as his Semitone E E^, was educated at Eton, under the protection of Mr An-
and it is the Semitone of Ptolemy's Diatonicum molle. trobus, his maternal uncle, who was a fellow of Peter-

GRAVEL. See Medicine. house, Cambridge. At that university, Gray was ad-
GRAVER. See Engraving. mitted a pensioner in his igth year. During his first

GRAVESEND, is a town of England, in the county four year's residence there, he seems to have with-
of Kent, built on a gentle declivity, on the banks of the drawn himself from the severity of mathematical stu-
Thames. It consists of several narrow streets, the best dies, while his enquiries centered in classical and mo-
of which are the one on the great London road, and derii literature.*
another at right angles to it, leading to the river. The In 1738, he removed to the Inner Temple ; but laid
church, which is dedicated to St George, was erected aside his legal studies to accompany Horace Walpole on
near the river between 1731 and 1733. It is built of a tour through France and Italy. An unhajipy diffe-

brick, with stone quoins and cornices, and consists of a rence, however, with the blame of which Walpole has

Hu producdona during that period, were some Latin verses, entitled Jt-uno HaMtabilis, inserted in tlic Musis Eimenses ; a poem on the
uuiiage of the Prince of Wales ; and a Sapphic Ode to his friend West, both in Latin. A Latin version of a passage the Paatar Fido,
and Fragments of Translations from Italius and Tasso.
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candiilly charged himself, parted the travellers at Reg-

gio, and their broken friendship, in spite of a formal

reconciliation, seems never to have been entirely ce-

mented. Gray returned to London in 17H, in the

same year in which his father died. His mother, with

a very small fortune, had retired to live with her sister

at ijtokc, near Windsor. Mr Gray, therefore, found his

patrimony too small to enable him to prosecute the stu-

dy of the law ; and though his mother and aunt would
undoubtetlly have contributed all in their power to as-

sist him, he could not brook the idea ofbecoming a bur-

then to them. Yet such was his delicacy, that he could

not peremptorily declare to his relations his resolution

of abandoning his profession : he therefore pretended
only to change the line of it, and accordingly he went
to Cambridge, where he took a bachelor's degree in ci-

vil law. In the same year in which he graduated,

(17+S2,) he lost his friend West, with whom his friend-

ship had commenced at Eton, and had continued with

unabated warmth afYer they had gone to different uni-

versities. The sorrow which the death of this amiable

young man left ujwn our poet's mind, and the tender-

ness with wliich he honoured his memory, form o^ of

the most interesting traits of his character. •

On his second return to Cambridge, he applied him-
self for about six years with the most intense assiduity

to the perusal of Greek authors, and made himself a con-

summate scholar and critic in that language. In 1 747, he
appeared for the first time as an author, by the publica-

tion of his Ode on the prospect of Eton College, of which
it would seem that at first little notice was taken. His
Ode to Spring had been already written at Cambridge

;

and soon after the publication just mentioned, he sent

to Dr Wharton of Durham, his poem on the Alliance of

Education and Government, which he never pursued
much farther. In 1749, he finished his Elegy, which
he had begun seven years before, and which when pub-
lished obtained immediate popularity.

In 1754 and 1755, he appears to have written his

beautiful lines on the Pleasures arising from Vicissi-

tude, his Ode on the Progress of Poetry, the Bard, and
probably some of those fragments with which he seems
to have amused himself, without much design of com-
pletion. About this period, he complains of listlessness

and depression of spirits, which prevented his applica-

tion to poetry ; and from this time we may trace the

course of that hereditary disease in his constitution,

which the temperance and regularity of a whole life

could not subdue. Next year, he left Peterhouse at

Cambridge, where he had resided above twenty years,

on account of some incivilities which he met with, and
which Mason thus mentions. Two or three young men
of fortune, who lived on the same staircase, had for some
time intentionally disturbed him with their riots, and
carried their ill behaviour so far as to awaken him at

midnight. After having borne a considerable time with
their insults, Gray complained to the governing part of

the .Society, and not thinking that his remonstrance was
suthciently attended to, quitted the College. He now
rerowvcd to Pembroke Hall, which he describes "as an
ena in a life so barren in events as his."

In the .July of 1757, he took his Odes to London to

be published. " I found Gray (says H. Walpole) in

town last week. He brought his two Odes to be printetl.

I snatched them out of Dodsley's hands, and they are

to be the first fruits of my press." Although the geni-

us of Gray was noi» in its' firm and mature age. and
though his poetical reputation wa* deservedly high, it

is plain that these Odes were not fnvour.ibly received.
" His friends (he says) write to him that they do t.ot

succcetl." Yet there were some better judges who r,1-

mired them. Garrick wrote lines in their praise ; and
Warburton, while he be»towe<l his honest applause on
them, shewed his indignation at those who condemned
without being able to understand them. In this year
Cibber died, and the laureatship was ofirred by the
Duke of Devonshire, then Lord Chamberlain, to Gray,
with a remarkable and honourable priviletrc to hold it

as a mere sinecure. This offer he respectfully declined

;

and in a letter to Mr Mason, he gives some of his re*fc

sons for declining it " The office itself (he says) hu
always humbled the possessor hitherto :—if he were a
poor writer, by making him more conspicuous ; and if

he were a good one, by setting him at war with the lit

tie fry of his own profession : for there are poets little

enough even to envy a poet laure.^t." In 1758, Gray de-
scribes himself " as composing for his own amusement
the little book, which he calls a Catalogue of the Anti»-

quities. Houses, &c. in England and Wales." f .•\bout

this time, the study of architecture seems to have em-
ployed much of his time, in which his profidency (as

in every branch of study which he pursued) w.is accu-

rate and deep. Early in the next year the British Mu-
seum was opened to the public, and he went to London
to read and transcribe the MSS. which were there col-

lected from the Cottonian and Harleisn libraries. A
folio volume of his transcripts was left among his ps'-

pcrs. No other remarkablf date occurs in the peaceful

tenor of our poet's days, till in 176-2, the professorship

of modem history being vaoaiit, by the advice of his

friends, he applied to Lonl Bute for the place 'hrough

the medium of Sir Henry Erskine. He was refused,

and the professorship was given to another; and " so

(says Gr.-iy) I have made my fortune like Sir Francis

Wronghead."
In the summer of 1765, he took a journey into Scot-

land to improve his hc;dth, which was then weak, and

to gratify his curiosity with the romantic scenery of the

north. He went through Edinburgh and Perth to

Glammis castle, the residence ofLord Strathmore, where

he staye<l some time. Thence he took a short excur-

sion into the Highlands, crossing Perthshire by Loch
Tay, and pursuing the road from Dunkeld to Inverness,

as far as the pass of Killikrankie. Then returning to

Dunkeld, he travelled on the Stirling road to Edinburgh.

In Scotland, his general shyness to men of letters was

felt and complained of ; but he formed an acquaintance

with Dr Beattie, which was kept up by subsequent

correspondence. The university of Abenleen was dis-

posed to confer on him the degree of Doctor of Laws ;

but he refused it, lest it should seem a slight to his own
university. At Dr Beattie's desire, a new edition of his

poems was published by Foulis at Glasgow, whilst

Dodsley at tne same time was printing them in Lon-

don, in both these etlitions the long story was omit-

ted, and some Welch and Norwegian fragments insert-

ed in their place. To his Odes, (Jray now found it ne-

cessary to add some notes ;
" partly," he says, " from

justice to acknowledge a debt when I had borrowed ant

thing; partly from ill temper, just to tell the gentle

reader, that Edwartl I. was not Oliver Cromwell, nor

Queen Elizabeth the witch of Endor."

Onjr.'

• Richaid West wa« the son of the Lord Chancellor of Ireland, and j^ndaon by the motbct't mle of the fianous Bishop Bumet.

f It was printed aiid distributed among liis biends bj Mr Mason aftci his deatL

VOL. X. PAKT II. 3 M
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ar»3r. In 1Y68, the professorship of modern history became

-~r*^ again vacant, and the Duke of Grafton, then in power,

at the request of Mr Stonehewer, bestowed it on Gray.

Soon after the Duke of Grafton was elected to the chan-

cellorship of the university, and Gray wrote the Ode,
that was set to music, on the occasion of his installation.

" He thought it better that gratitude should sing than

expectation." When this ceremony was past, he went
on a tour to the lakes ofWestmorland and Cumberland,

from which his letters are written in a style of tjie most
picturesque description. " He that reads his epistola-

ry narrative," says Dr Johnson, " wishes that to travel,

and to tell his travels, had been more of his employ-
ment."

In the April of 1 Y70, he complains much ofa depres-

sion of spirits, and talks of an intended tour into Wales,

which took place in autumn ; but not a single letter is

preserved in Mr Mason's book on this journey.

In May 1771, he wrote to his friend Dr Wharton,
just sketching the outline ofhis tour in Wales, and some
of tile adjacent country. This is the last letter that re-

mains in Mr Mason's collection. He there complains

of an incurable cough, of spirits habitually low, and of

the uneasiness which the thought of the duties of his

profession gave him, which, Mr Mason says, he had now
a determined resolution to resign. * He mentions also

different plans of amusement and travel wliich he had
projected, but which unfortunately were not to be ac-

complished. Within a few days after the date of this

letter he removed to London, where his health more
and more declined. His physician Dr Gisborne advi-

sed free air, and he went to Kensington. There he in

some degree revived, and returned to Cambridge, in-

tending to go from that place to Old Park, near Dur-
ham, the residence of his friend Dr Wharton. On the

24th of July, however, while at dinner in the college

hall, he was seized with an attack of the gout in his

stomach. The violence of the disease resisted all the

powers of medicine. On the 29th lie was seized with

convulsions, which returned more violently on the ,30tli,

and he expired on the evening of that day in the 55th
year of his age, sensible almost to the last, aware of his

danger, and expressing no visible concern at the thought
of his approaching death. His friend Mr Mason was
at that time absent ; and tlie care of his funeral devol-

ved on the other executor Dr Brown, the president of
Pembroke Hall, who saw liiin buried as he desired, by
the side of his mother, in the church-yard of Stoke.

Gray, independently of his poetical character, sus-

tained that of a first-rate scholar. He was perhaps
(says the Rev. Mr Temple in the summary of his cha-
racter) tlie most learned man in Europe. He knew
every branch of history, natural and civil ; had read all

the original historians of England, France, and Italy
;

and was a great antiquarian. His skill in zoology was
accurate; and in an interleaved copy of Linnaeus which
he had left behind, he had not only concentrated what
other writers had written, but had altered the style of
the Swedish naturalist into classical Latin, t Botany,
which he had studied in early life, was also an amuse-
ment of his later years. In a»chitecture he was emi-
nently skilled ; and in heraldi-y a complete master. To
these accomplishments must be added his exquisite
and scientific taste in painting and music. Walpole, in

his History of Painters ; Bentham, in his History of G:

Ely ; Pennant, in his Antiquities of London ; and Ross,
in his edition of Cicero's Familiar Epistles, were all re-

^^'^'^

spectively indebted to the learning of Gray.
^"^

As a man, the only blemish in his fine character seems
to have been an excessive and half-affected delicacy.

His genius as a poet is not of the most extensive, but of
the highest cast. He is the only English poet who
has divested elegiac poetry of its tsedium

; placed its

sombrous images in a light of picturesque fancy ; and
given a tone of stedfast though subdued romantic feel-

ing to the plain reflections of truth. Respecting his
lyric poetry, the suffrages ofcriticism are certainly more
divided. While by some his Odes have been extolled

as tlie model of lyric poetry, they are esteemed by ano-
ther school of taste to abound in over-wrought refine-

ments, and obscurity of language. Our limits preclude
dissertation ; yet whatever justice there may be in the
charge of obscurity which attaches to his Odes, the
grandeur of thought, and the harmony of versification

which pervade them, will for ever support tlieir gene-
ral merit, and their rank in the first rate productions
of ^r language, and the muse of England will be for

ever acknowledged to have expressed

A Pindar's raptures in the lyre of Gray.

See Mason's Life and Letters of Gray ; and Mitford'e

Life, (n)

GRAZING. See Aguiculturk.
GREAT iNTEnvALS.in music, are the same with ma-

jor or greater intervals, and are marked with the large

Roman numerals; ns I. II. HI. IV. &c. See Majou
Intervals. But Mr Holden has usetl this term in a dif-

ferent way. See his Great Sixth, and G>ra< Third. (^)
GREAT Octave of tJie German theoretical writers

xm music, is that octave (or septave rather) which be-
gins with C on the second leger line below the bass

stave, and en<b with B on the second line of that stave,

or the mi of Guido. To this septave they exclusively

apply the ca^iital letters C, D, E, F, G, A, B, in their

tablature or literal notation ; and in the next octave

above, the letters c, d, e, f, g, a, b are used See
Small Octave, Once-marked, Twice-marked, &c.
Octaves ; and Dr Callcott's Miuical Gramviar, Art.

34. (5)

GREAT Scale of M. Overend, approved by Dr
Boyce, is a musical curiosity preserved in the library of

tlie Royal Institution in LoiKlon, in the Overend Ma-
nuscripts, vol. ii. pp. 113— 133, 143— 14.9, &c. Itcon-

tains i^G notes within the octave, and was thought by
the intlefatigable musiciaixs above named, to be cipahle

of unravelling all the mysteries of the various ancient

CJreek scales of music, asDr Pepusch had explained them
diatonically, or by the use of the prime integers 1 , 2, 3,

and 5 only, in their ratios ; but to the various systems

of tliose, who, according to Dr Wallis, used the higher

primes 7, H, 13, 17, 19, &c. in the ratio.s, and in con-

sequence have decimals of schisraas, or Z's in our nota-

tion ; or of those, who divided the major lone, or the

minor fourth, into aliquot parts, for obtaining their in-

tervals or degrees, this great scale has no near rela-

tion. See Chromaticum, Diatonicom, Genera, and
Greek Mmic. (j)

* He had heU his professorship of history nearly three years without having begun to execute the duties of it, wliich consist of two parts ;

one. the teaching of mot'ern languages ; the other, ilie reading of lectures on modern history. The former he was allowed to e.xecute by dcpii.-

ties ; but the latter he was to commence in person, by reading a public lecture in the schools once at least in every term. He was at liberty to

chuse his language, and chose tlie Latin, which Mr Mason thought somewhat injudicious ; and although we do not find that he proceeded

farther than to draw up a part of his introductory lei ture, he projected a plan of very great extent, which, from his indolence and ill health,

he would not in all probahility have been able to execute. His death, however, prevented the trial.

t It is B circumstance not generally known, that ho translated the l-inniean genera, or characters of insects, into elegant Latin hexameters.
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GREECE,
1 iiF most celebrated country oPiintiquity, was ofvery

,_^ inconsidernble extent, and scarcely equalled in size the

.,;,a half of England. It is comprehended between 36° and
1. 41° of North Latitude ; and is hounded on all sides by

the sea, except on the north, where it borders upon Epi-

nis and Macedonia. Thessaly, its most northern pro-

vince, is an extensive and fertile vale completely sur-

rounded by lofty mountains ; by Olympus on the

north ; by Ossa on tlie east ; by Pindus on the west

;

and on the south by Oeta, at the foot of which lies the

famous pass of Thcrmopyla?. The tract extending from
the borders of Thessaly and Epirus to the Corinthian

isthmus, contains the provinces of Acamania, on the

east frontier of which runs the river Achelous ; JEtiy-

lia, bounded on the south by the soa, but defended on
cvcrv other side by motmtains almost impassable ; Do-
ris, wholly a mountainous country ; Locris and Phqcis,

both of small extent, but full of fertile plains; Boeotia,

a well-watered vale, bounded, except on the north-east,

by the mountains Parnassus, Helicon, Cithaeron, and
Pames ; and Attica, a rocky and barren country, pro-

ducing little grain or pasture, but yielding a variety of

fKiits, piirticularly figs and oli\'cs. The isthmus of Co-

rinth, a mountainous ridge, at one place only five miles

in breadth, leads t'lrther south to the peninsula of Pelo-

ponnesus, which contains Achaia, a narrow strip of

ctnmtry on the northern coast, bounded on its inland

frontier by a ridge of mountains, running along its

whole extent from Corinth to Dyme ; Argolis, a re-

markably fruitful valley, included between two moun-
tainous branches, stretching from Cyllene, the most
northern of the Arcadian summits, and terminating, the

one in the gulf of Argos, and the other at the promon-
tory of Scylla ; EHs, or Eleia, watered by the rivers

Peneus and Alpheus, and less mountainous than the

other provinces in Peloponnesus ; Arcadia, the central

state, consisting of a cluster of lofty mountains, the prin-

cipal of which are Taygetus and Zavex ; Messenia, the

most level district in the peninsula, the best adapted

for tillage, and most fruitful in general prmluce ; and
Laconia, traversed by two branches of the Taygetus

and Zarex, between which runs the river Eurotas, wa-
tering several very fertile but not extensive vales.

,_ The general aspect of Greece is rugged, but its cli-

l^^ mate is highly propitious ; and both the summer heat

and winter cold are preserved by the surroimding seas

in an equable state of temperature. Some of its moun-
tains contain valuable metals ; others are composed of

the finest marble ; and many are covered to a great ex-

tent with a variety of useful timber. Its central plains

produce corn, oil, arul wine ; its valleys afford the rich-

est pasturage ; and its long winding coast abounds with

cxceUent harbours. The great variety in its surface

gives occasion to considerable diversity both ofproduce

and of cKraate in every season of the year. It has been
remarket!, as a peculiar feature in the topography of

the most ancient cities of Greece, that every metropo-
lis possessed its citadel and its plain ; the former as a

place ofrefuge in war, and the latter as a source of agri-

culture in peace. The most remarkable of its towns
were,—in TiiESSAi;,y, Gomphi, Metropolis, and Scotus-

sa, north of the river Peneus; Atrax, I,arissa, the city Crttcr.
of Achilles ; Magnesia, and Apheta- the port of the Ar- >-—/-*'
gonauts; Heraclca, namc<l from Hercules, who is said
to have thrown himself into the pile on the summit of
Oeta, in its vic-inity ; Lamea and Hypata, on the banks
of the Sjicrcheus ; Thaumaci, Halos, and Pthia, the
country of the Myrmidones, Demetrias, Pherie, Phar.
saha, on the banks of the river Enipeus. — In .Acarna-
NiA, Amphilochicum, Stratus, ami Actium, at the boU
tom of the Ambracian Cjulf.—In .^Etolia, Chalydon,
Chalcis, on the river Evenus; Thermae, Lysmachia,
Canope, Naupactus, Erythrsc, and Antirrhium.—In
Doris, Cytinium, and three smaller town* of little note.— In Locris, Amphissa, Opus, Cnemis, Narix, the na-
tive country of Ajax, Thronium, Nica?a.—In Piiocis,

Delphi, accounted the centre of Greece ; Elatea, on the
river Cephissus ; Crissa, and Anticyra.—In Bceotia,
Thebes, near the river Asopus ; Plata-a, Leuctra, Or-
chomenos, Haliartus, Coronea, Cheronea, Lebadia,
Thespiae ; Ascra, the birth-place of Hesiod ; Aulis, De-
Hum, and Tanagra.—In Attica, Athens, with its har-
bour Piraeus ; Phalereus and Munichia, Marathon,
Phyla;, and Decelia.—In MEfJAiiis, Megara, Eleusis,

and Nycat-a.—In Achaia, Corinth, Sicj^on, Patras, yE-
gium, Dyme, and Pallene.—In Argolis, Argos, on the
river Inachus ; Mycenae, the city of Agamemnon ; Epi-
daurus, Nemea, and Tiryns.—In Ens, Elis, on the ri-

ver Peneus ; Olympia, and Pisa.—In Aiicadia, Mego-
lopolis, Tegea, Mantinea, and Pallantium.—In Messe-
nia, Messene, Stenyclarus, and Pylos, the city of Nes-
tor.—In Laconia, Sparta, on the river Eurotas; Gy-
thium, Selasia, Helos, Amyclae.

It has been customary with most writers on the sub- periods of
ject of Greece, to distribute its history into distinct pe- Grecian

riods or epochs ; but few authors happen to agree in fix- history,

ing upon the same points of division. If we proceed
upon the principle of marking the degree of credibility

in its records, there will then be only two portions to

be contrasted ; the one the period of imcertain, and the

other that of authentic history.

The first, " the period of uncertain history," extends
from the earliest accounts of the country, to the com-
mencement of the first war with Persia, in the year
B. C. 490 ; a period very variously computed, but, ac-

cording to the lowest estimate,* comprising a space of
nearly 700 years. Of this large portion of time, there

are no documents really deserving the name of history

;

and the accounts which have been given of its events,

were drawn up by writers who lived long posterior to

the transactions of which they treat, and were compiled
from scattered records and fragments, of which tliere

are no sufficient data to ascertain the authenticity. Of
this period, however, there may be specified four dis-

tinct subdivisions, which are marked by some peculiar

historical features. The first, reaching from the earliest

accounts of Greece to the commencement of the Trojan

war, B. C. 900; a period of 200 or 300 years, and
whicli, without scruple, may be termed " the fabulous

age." The second, reaching from the expedition against

Troy to the death of Homer, B. C. about 800 ; a period

of at least 100 yeare, generally called " the heroic ag*,"

• The Chronology of Sir Isaac Newton.
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Greece. of which the only liistory is contained in the poems of

the Iliad and Odyssey. The third, reaching from the

deatli of Homer to the death of Lycurgus, B. C. about

700 ; a period of another 1 00 years, which may be de-

nominated " the era of revolutions," and of wliich

scarcely any species of history exists. The fourth, reach-

ing from the time of Lycurgus to the first invasion of

Greece by Persia, B. C. 490; a period of 210 years,

which may be termed " the era of traditionary history,"

possessing a considerable degree of credibility.

The second, " the period of authentic history," ex-

tends from the first invasion of Greece by the Persians,

B. C. 490, to its final subjugation by the Romans, B. C.

146 ; a period of 341 years, the history of which, lumi-

nous and connected beyond that of any other portion of

Pagan antiquity, has been recorded by writers of the

greatest ability, who were contemporary with the events

which they relate, and in which many of them bore a

distinguished part. These writers were all Greeks, and
some degree of national partiality may be suspected to

have guided their narrations ; but tlieir number, and
their coimection with different states, renders them in

some measure checks upon o)ie another. This period,

also, may be subdivided into four portions, distinguish-

ed rather by political than hi:^torical characteristics.

The first, reaching from the Persian invasion, B. C. 490,

to the commencement of the Peloponnesian war, B. C.

430 ; a pcriotl of 60 years, the era of Grecian unanimi-
ty and triumphs. The second, reaching from the begin-

ning of the Peloponnesian war, to the acceission of Philip

of Macedon, B. C. 360 ; a period of 70 years, the era of
civil wars and intestine commotions among the states

of Greece. The third, reaching from the accession of
Philip to the death of Alexander the Great, B. C. 323 ;

a period of 37 years, distinguished by the entire ascen-

dancy of Greece over Persia, and its own partial subjec-

tion to the foreign dominion of Macedonia. The fourth

reaching from the death of Alexander, to the final sub-
jugation of the Grecian states by the Romans, B. C. 146

;

a period of 177 years, during the greater part of which
the destinies of Greece were divected by foreign influ-

ence, and were placed successively under the protection
6f Macedonia, Egypt, and Rome.
The early history of Greece, like that of most other

countries, is involved in -obscurity and fable. Its ori-

ginal inhabitants, generally considered as the descend-
ants of Javan, son of Japhet, appear to have led a mi-
gratory and savage life, sheltering themselves in caves
and huts, feeding upon acorns, clothing themselves with
skins, and gradually associating in small bodies for their

mutual support against the wild beasts of the woods
and mountains, by which they were everywhere sur-
rounded. Many different wandering hordes, of whom
the Greek writers give no satisfactory account, seem to
have successively overrun the country ; sometimes mix-
ing with the ancient inliabitants, and sometimes driving
them from their jxissessions. These, in their turn, ex-
pelled and plundered others ; and a state of petty pira-
tical warfare characterised the first ages of every Gre-
cian settlement. These plundering excursions became
so general, that all the shores, both of the continent and
the islands, are said to have been deserted, and the
lands cultivated only at a considerable distance from
the sea. From this state of barbarism, the inhabiUnts

Visited and °^ Greece began to emerge at an earlier period than
civiliicd by those of any other country in Europe ; and this advan-
ftffeigners. tage they seem to have owed entirely to their corrunu-

Grceci
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nication with the civilized nations of the East. Its

islands were visited by the Phenician navigators, who
introduced the knowledge of the precious metals. A
people, named Pelasgi, apparently from Asia, extended
their dominion over all the northern parts of the coun-
try ; and various contemporary colonies from Egypt,
(of whose migration the cause is not known, but tor

which the supposition of some political revolution may
easily account, ) appear to have founded the principal

Grecian states. The island of Crete, which seems to
have been occupied, and its inhabitants enslaved by
some of tliese adventurers, first attained a considerable

degree of civilization under Minos, above 1000 years
before the Christian era ; * and became the general
fountain of legislation and jurisprudence to the other
settlements. Of these, Sicyon and Argos are consider-
ed as the most ancient, and as having been founded
nearly at the same time, about 80 years before the reign
of Minos, and 1080 before the Christian era.

Sicyon, till a very late period, had little influence in
the affairs of Greece ; and its early history is as unin-
teresting as it is uncertain. jEgialeus is mentioned as
its first king ; but the list of his successors rests on no
authority, and is not worthy of being transcribed. It

seems to have been soon eclipsed by the neighbouring
state of Corinth, which was noted, even in the days of
Homer, for its commercial wealth. Among its early

princes are numbered Sisyphus, Glaucus, and Bellero-

phon, whose exploits present a subject for poetry rather

tlian materials for history. But the city of Argos, if not
actually the oldest in Greece, was the first that acquired
political eminence ; and was founded by Inachus, or
by his ^on Phoroneus, who is considered as having
been the contemporary and brother of .lEgialeus, the
first king of Sicj'on. lo, the daughter of one of the
Argive princes, having been carried away to Egypt,
her descendant Danaus, afterwards arriving at Argos,
claimed the sovereignty, and extending his power over
the whole of Peloponnesus, the inhabitants (called Pe-
lasgi before his arrival) received from him the name of
Danai. Perseus, one of his descendants, and the first

Grecian who is celebrated as a warrior, founded the
city of Mycenae, which became for some time the capL

tal of Argolis; but soon afterwards lost its pre-emi-

nence. Contemporary with Perseus was Pelops, son
of Tantalus, King of Phrygia, who, being driven from
his native land by unsuccessful .war, came with im-
mense treasures into Greece; and, being accompanied by
a band of Achaians from Thessaly, established himself

in Laconia. Marrying Hippodameia, daughter of the

chief of Pisa, he succeeded to the sovereignty of that

territory ; and, by his numerous family connections, as

well as able conduct, acquired so much influence

throughout the peninsula, that it derived from him the

name of Peloponnesus. His daughter Astydameia was
united in marriage with Sthenelus, the son of Perseus;

and their son Eurystheus was the prince so often men-
tioned in Grecian fable as the rival and persecutor ofhis

kinsman Hercules. Pursuing the children and adhe-

rents of that deceased hero into Attica, he was slain in

battle, and succeeded in the sovereignty of Argos by
liis uncle Atreus, who, uniting in his person the claims

of both the houses of Perseus and Pelops, extended his

authority over all Peloponnesus, and transmitted the

Aigian sceptre in its greatest glory to his son or grand-

son \ _'inu'mnon. Lacederaon, or Sparta, concerning Ljccifni
the origin of which there is no certain memorial, had f

M'

The chronology of Sir Isaac Kcwton is here followel.
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irM«. now become ilistinguished undrr its sovereign Tynda-

'Y""^ reus, whose sons Castor and Pollux died in the prime

of life, and whose daughters, Clytemnestra and Helen,

were given in marriage to Agamemnon and his brother

Menclaus. Through these princesses, the domains of

Tyndareus fell to the two sons of Atreus ; and Mcne-
laus was invested with the immediate command of the

Lacedemonian territory.

Mwl;. Of the provinces without the peninsula, Thessaly

(next to Crete, the most ancient scene of Grecian story,)

first became celebrated for the wisdom of its princes,

who extended their sway at an early period as far as

the Corinthian Isthmus. In that country, always fa-

mous for its horses, the Ccnt.Turs were first known, who
are supposed to have been a band of foreij^n adventu-

rers of superior attainments to the more southern Cireeks

of their time. From a port in 'I'hrssaly, saile<l the ex-

pedition of the Argonauts under Jason, who may be

considered as merely the leader of one of the most con-

siderable piratical expeditions, which had hitherto been

rttii,
undertaken. Bceotia, though a country originally subject

to earthquakes and inundations, yet, from its great ferti-

lity, attracted at an early period the attention of ad-

ventiirera ; and a Phenician colony under Cadmus is

understood to have founded its principal city of Thebes.

The numerous fabulous stories relating to its history,

comprehending the adventures of Bacchus, Amphion,
Amphitryon, Hercules, Laius, (Edipus, Eteocles, and
Folynices, serve at least to prove that it must soon have

become a flourishing and powerful state ; and the war,

which it sustained against seven united potentates, the

subject of the Thebaid by Statins, presents the first in-

stance of a political league, and a regular warfare, re-

^Ij^
corded in the annals of Greece. jEtolia, though not in-

ferior to the adjoining countries in early civilization,

and though sufficiently celebrated in the histories of its

heroes Tydeus, Meleager, and others; yet, from the

dangers of its seas, being much excluded from the in-

tercourse of more civilized nations, made little compa-
rative progress in political improvement, and, for seve-

ral centuries even after the Trojan war, had little com-
munication with the rest of Greece. Phocis, Doris,

lacia, &.C. and Locris, also afford no materials for history at this
' early period ; and the only remaining state, whose ori-

gin i-. worthy of being narrated from tradition, is that

. ie*. of Attica. The first king of this country is said by
some to have been Ogyges, whose name, however, is

not mentioned by the older Greek historians, and who
is conjectured at the utmost to have been only the lead-

er of a band of Boeotians ; who, having been driven from
their own country by an inundation, had taken refuge

in the adjoining districts of Attica. The first, at least,

who introduced regular government and the arts of ci-

vilization among the Athenians, was Cecrops, the lead-

er of a colony from Egypt, who introduced the worship

of the goddess Athena, or Minerva; and thus gave
a name, if not also a beginning, to the city of Athens.

He is considered as the founder of tlie celebrated court

of Areopagus ; and, in consequence of his wise institu-

tions, aided by the natural security of tlie country from
invasion, strangers were attracted, population increased,

and civilization made more rapid progress than in any
other province of Greece. Of his successors, little is

recorded tven by tradition, till the time of iEgeus, con-
temporary with Minos, King of Crete, and the fatlier

of the renowned Theseus, whose romantic history bears

no inconsiderable resemblance to that of the Gothic
knight-errnnts, ;iml whose wise measures as king of
Athena laid the foundation of its future greatness. By

the united influence of persuasion and nuthorify, he ('•trtrt.

consolidated, in one well-regulated govcri m*nt, the in- ^^"V"^
dependent districts in Attica, and endeavoured to M-
cure the stability of his improvcmentc, by procuring
the approbnticji of the Delphic oracle. Though well

entitled, by his political regulations, to be ranked among
the most illustrious patriots of ancient times, he ii ne-
vertheless represented, in his future history, a« having
forfeited the esteem of his suljccts, and having at last

died in exile. After him, the sovereignty of Attica wa«
Iield by Meneslheus, a descendant of tlie royal family,

and the leader ofthe Athenian troopsin the Trojan war.

Tl'.cse petty states, each of which was governed by Cound] of

its respective sovereign, and all of them independent of the Am-
one another, were continually at war among tn« niselvefl, phittyoM.

and expo:Cd to the incursions of foreign barbarians. To
obviate these evils, and to secure, as far as possible, the

general tranquillity, an assembly was formed of depu-
ties from the different countries of Greece, whose bu-
siness it was to decide all disputes between the state*

of which the association was composed, and to concert

measures of defence against their common enemies.

This was called the council of the Amphictyons, from
its supposed founder Amphictyon, one of tlie sons

of Deucalion, and king oi Attica ; but its original con-

stitution, and the period of its commencement, cannot

be satisfactorily ascertained. It is supposed by Sir

Isaac Newton to have commenced about a century be-

fore the Trojan war. Besiiles its primary object of

establishing a kind of national law among the Greeks,

its attention was principally occupied in managing the

concerns of the Delphian oracle. But, though its de-

crees were respected, its power was not very efficacious.

It contributed to restrain the violence of wars, but was
not able to prevent their frequent occurrence. Ft de-

rived its greatest consequence from the increasing fame
of the oracle at Delphi ; and the superintendence of

the religious institutions of Greece became ultimately

its principal office. It is not mentioned by Homer ; but
its existence seems to be implied in the ready union of

the Grecian states against Troy. See Amphictvons,
Cadmus, &c.

Frequent piratical excursions appear to have been Oi|gin of

carried on between the inhabitants of the eastern and '•>« Trojan

western coasts of the iEgean Sea; and the rape of Helen *"'

by Paris the son of Priam may be considered, accord-

ing to Herodotus, as an act of retaliation for some si-

milar injury received from the Greeks by the Trojan

people. An outrage, however, so nearly affecting one
of the greatest princes of Greece, and aggravated by
a breach of the rights of hospitality, was considered as

demanding the united vengeance of the Grecian chiefs;

and the hope of returning home enriched with the

spoils of Asia, presented no small incentive to the expe-

dition. The extensive influence also of Agamemnon
king of Argos, and brother of the injured Menelaus,

urged on the general confederacy ; antf, under his su-

preme command, the chosen warriors of every Grecian

state, from the southern extremity of Peloponnesus to

the northern regions "f Thessaly, assemblecl at the port

of Aulis in Boeotia. The fleet, consisting of 1200 open

vessels, conveyed to the Trojan coast, an anny of

100,000 men, who speedily compelled the enemy to

take refuge within the walls of their city ; but, unable

to surmount its strong and well defended fortifications,

they attempted its reduction by excluding every kind

of succour and supplies. Obliged, however, to detach

large bodies from tneir army to procure subsistence for

themselves, tliey were unable to prevent the Trojans
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Cieece. from again taking the field, and receiving every re-

"•"V"*' quisite relief to their wants. In this way, tlie siege

was prolonged for the space of ten years : and even at

the last, the house of Priam was not overthrown with-

out the aid of stratagem and treachery. But, while the

allied Greeks triumphed over Troy, it was to each of

them a victory dearly purchased. Few of the princes,

who witnessed the successful termination of their expe-
dition, were permitted to enjoy in their native country
tlje renown and repose, which their exertions liad earn-

ed ; but, having made no provision for the administra-

tion of their affairs during their absence, were eitlier

murdered at their return by some usurper of their

power, or compelled to reimbark with their adherents,

Flourishing m quest of distant settlements. The Athenian state,

which seems to have made the nearest approach to a

settled government, suffered least by the absence of the

commander of their army ; and regular magistrates sup-

plied tlie place of their chief. In this city, Orestes, the

son of Agamemnon, obtained an asylum ; and, after re-

maining seven years in exile, found means to avenge
his father's death, and to recover the throne of Argos,
which he held with great power and reputation till his

death. See Achilles, Agamemnon, Ajax, Homer,
Troy, &c.

Here terminates the history contained in the writings
of Homer, who seems to indicate, that the concluding
events which he records were witliin the reach of his

own memory; and whose works, in fact, contain al-

most the only materials for an account of the heroic
age. He affords at least the best and most authentic
view of the political and domestic state of the Greek
people, during the period which preceded his death

;

and to his poems we may refer for a description of the re-

ligion, government, arts, and manners of the early
Greeks. The ancient Pelasgian inhabitants of Greece
are said by Herodotus to have prayed and sacrificed to
gods, to whom they gave no name or distinguishing
apjicllation ; and the works of Hesiod still more clearly
prove that they drew their first notions on the subject
of religion from Oriental traditions. Their future sys-
tem of polytheism seems to have been imported by the
Egyptian colonists; but to the princii>al divinities thus
introduced, their own hvely fancy soon added a multi-
tude of other imaginai-y beings, presiding over every
mountain and river, every season and production ; and
these were arranged by Hesiod and Homer mto a kind
of system of the most extravagant and inexplicable de-
scription. There is neither omnipotence nor omnipre-
sence among the attributes which the last mentioned
poet ascribes even to the father of the gotls ; neither
perfect goodness nor perfect happiness in the heaven,
which he assigns as their residence. An incomprehen.
sible power, denominated Fate, is represented as di-
reeling all events ; and it seems to have been the prin-
cipal office of Jupiter to superintend the execution of
its decrees. Idolatry, as denoting the worship of visi-
ble objects, was at this period unknown; and even
temples appear to have been rare. Prayers were ad-
dressed as to invisible deities ; and sacrifices, the only
duty which they seem to have been considered as ex-
pecting from theu: worsliippers, were offered upon al-
tars erected in the open air. A few crimes are some-
times denounced as exposing to the vengeance of the
gods, but morality in general finds very little supportm the religion of this period. Soothsayers, who pro-
teesed to foresee future events, were sufficiently nume-
rous

; but fixed oracles had not yet attained any exten-
Mve cekbrity. The salutary doctrine of the iuaniortan
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lity of the soul, and a future state of rewards and pu-
nishments, was taught in those days ; but the ridicu- "—

V

lous absurdities, with which it was clothed, tended,

when men had learned to despise the fables, to throw
contempt also upon the momentous truth which they ,

had veiled. The form of government was monarchical, GovcraJ
and in some degree hereditary ; but tlie authority of nient.

the kings was extremely limited, and always controuled
|

by established customs. It was the universal preroga-

tive of the prince to exercise the judicial jwwer, to su-

perintend the institutions of religion, to command the
armies, and to direct tlie ordinary business of the com-
munity ; but, in any extraordinary or very important
measm-e, he was required to consult, not only a coun-
cil of the principal men, but also an assembly of the

people; anti a high degree of personal strength and
accomplishments seems to have been always necessary

to maintain his authority.

It is generally a<lmittod that letters were introduced Letta,

into Greece from Phcenicia by Cadmus the founder of writingr

Thebes, at the lowest calculation 104.; years before Ciirist;

but it is equally asccrtainetl, that the use of writing had
not become common till more than 400 years after liis

time; and nothing, in the whole history of the ancient

Greeks, is more (lilficult to be explained than the high
state of excellence, wliich the language had attained in

the {lays of Hesiod and Homer, while so little of it Pocir}'

could have been reduced to writing. In the absence

of letters, poetry seems to have been invented, or at

least to have been originally employed for the assistance

of memory. Laws, ainong the eai'ly Greeks, were al-

waj's promulgated u> verse, and frequently sung in pub-
lic. MoraUty was taught, and history related in the

same manner. AH, who wishetl either to instruct

or amuse their ftlkjw-citiaens, were thus necessarily

poets ; and they who possessed so iaaportant a taJent,

were considered as sacred ehai-acters, favoured and in-

spired by the gods. The first poetry of the Greeks Music I

was uniformly accompanietl witli music, and both
'

stringetl and wind instruments are mentiorted by Ho-
mer. But, there are no means of ascertaming its pe-

culiar features ; and, however powerfid «»ay have been
its effects, it ajjpears to have been extremely simple

and inartificial ui its composition. Their agriculture Ar
appears to have been carried on with considerable re-

gularity ; and the practice of manuring, as well as

ploughing and sowing, is expressly mentionetl by Ho-
mer. Wine was made from the vine, and oil from the

olive ; but the principal source of wealth was tbund in

pasturage ; and cattle were made, in place of coin, tlie

usual measure of the value of conamoclities. Commerce comntt.

was chiefly carried on by an excliange of articles ; and !

tlie fiireign tratle of the Greci.an cities was principally

in the hands of tlie Phenicians. There were Greeks,

indeed, in the days of Homer, who pursived a kuid of

coasting traffic nmoiig themselves ; but the profession

of a merchant for gain was not held in much estima-

tion, and was less respected than even that of pi-

rate. Their navigation was very unperfect; and they Navignos.

usetl oars more frequently than sails. Their ships bad

no decks ; and the largest that went to Troy, con-

tsiued only 120 men. Anchors were unknown; and

the vesselg, when ui port, were either moored to large

stones on the shore, or were actually drawn out of the

water upon the beach. The early Greeks, in short,

were rather boatmen than seamen ; and, hideed, to

this day, the skill of the navigator is of little avail in

their narrow and tempestuous seas. They Iwcl little Scicn.

knowle(%e of astronomy; and marked the length of



GREECE. 4C3
the year by 1 2 revolutions of the moon, reckoning the

months to consist of 29 and 30 clays altomately. But,

in progress of time, they learned to fix the seasons

more correctly by the rising and setting of the stars
;

and ha<! airangetl them in constellations, niucb in the

same manner, and with the same names as at the present

day. They considered internal diseases as inflicted by the

immediate hand of the Deity, and as therefore beyond
the reach of human skill. Their medical art was thus

restricte<l to the practice of surgery, which was held in

high esteem ; but which seems to have extended no
farther than the extraction of a weapon, or any other

extraneous body from a wound, and the application of

a few simples to stop a haemorrhage, or to assuage in-

flammation. Their architecture was more improved
than most other arts ; and I loraer speaks of houses built

of jwlished stone, with large and numerous apartments.

Other mechanic arts were not exercised as distinct

trades ; and even princes were frequently their own
carpenters. Ornamental works, however, in metals,

wooii, &c. were not imcommon in those days ; but the

greater part of the trinkets and more luxurious ntensils

in use among the early Greeks appear to have been pro-

curetl from the I'henician merchants. Their principal

study, and most constant practice, was the art of war

;

and they seem to have improved considerably upon
that tumultuary warfare, which is generally practised

among barbarous nations. Their infantry were com-
monly heavily armed with helmet, breastplates, greaves,

and shield ; and were regularly drawn up in close ranks

or phalanges, marching in steady silence under their

respective leaders. Cavalry were not yet employed in

their battles ; but chariots were generally used by the

chiefs, as the means of conveying them more rapiiUy

along the line, and of annoying more effectually a fly-

ing army. The skirmishing of the commanders, how-
ever, in front of the troops, and their mixing with the

soldiers in the heat of the fight, left little room for the

exercise of generalship ; and their fashion of stopping

in the midst of the action to strip the slain, sufficiently

marks their want of military discipline and skill. They
encamped with much regularity, sleeping under their

cloaks, or sheltering themselves with nuts ; and gene-

rally fortified their post, when exposed to the attack of

a powerful enemy ; but, though a small guard might be
placed at an out-post, they were unacquainted with the

important precaution of stationing and relieving a line

of sentinels. In the frequency of war, courage was re-

garded as the highest virtue; and the manners of the

early Greeks were decidedly barbarous. Quarter was
rarely granted to a fallen enemy ; and tlie capture of a

city was succeeded by the massacre of all the men who
were able to bear arms, and by the captivity of the
women and children. Tile spirit of hospitality, how-
ever, was generally diffused, and tended often to allevi-

ate the miseries of military devastition. Women ap-

pear, as well as men, to have united tlie highest rank
with the humblest occupations, but evidently enjoyed a
greater degi-ee of influence and freedom, than has been
usual in subsequent ages among oriental nations. There
has been supposed to exist, a striking resemblance be-
tween the manners and sentiments of the Greeks in the
heroic age, and those of the Gothic nations of Europe,
except that the latter displayed moregenerositj' in war,
and gentk'ness towards the female sex, than their an-
ciCTit prototyiies.

The period immediately succeeding the Trojan war,
affbrils few ligiiti to history, and is even involved in
ileeper obscurity than the heroic age. Supposing Ho-

mer to have Iive<l within a century, flr rather half a Grtrer.

century of the Trojan war, his works may be allowed '•^"^^
to supply a tolerable record of the previous evcntH best
authenticate*! by tradition, and of the most important
occurrences which took place during his own life. His
history terminates with the accession of Orestes to the
throne of Argos ; and total darknes-s thenceforth restt

upon the historian's path, relieved only by a few un-
certain glimmerings, till the first Persian invasion of
Greece. About 80 years after the destruction of Troy,
a great revolution took place, which dissipated ancient
traditions, stopped the progress of civilization, and
changed the governments, and even the population,
of most of the Grecian states. The descendants and
partizans of the celebrateil Hercules had found a
refuge in Doris from the persecutions of Eurystheus

; inrvim i™
but had never ceased to prefer their claims to the tlit llerm-

'

kingdom of Argos, and even to the dominion of all elides.

Peloponnesus. Twice had they attempted, without
success, to make their way through the isthmus. But,
at length, the great grand-son of Hyllus, the old-
est .son of Hercules, crossed the Corinthian gulf with a
powerful ai-mament, and speedily overran the whole
peninsula, with the exception of Arcadia and Achaia,
where Tisamenus, son of Orestes, made a resolute and
successful stand. All the rest of the conquered coun-
try was divided among the princes of the Heraclides,

and their allies from Doris and yEtoIia ; and the greater

part of the old inhabitants either emigrated from the
oppressions to which they were subjected, or were re-

duced by the invaders to a state of servitude. A new
distinction of the Grecian people was the consequence
of this revolution. The Pelasgian name, which had Vew du-

prevailed on the continent, and the Lelegian in the 'inctions tjf

islMids, had, at an early period, but for reasons not clear-
'*'* tixo""

ly ascertained, given place to the ^olian and Ionian ; the ^'^ **

latter designation being applied principally to Attica

with its colonies, and the former to all the rest of Greece,
both within and without the peninsula. Out of these

two, four distinctions of the Grecian people arose, after

the irruption of the Heraclides. In all the immediate
establishments and distant colonies of these invaders, the

Doric name and dialect prevaileil. The Athenians rose

to such pre-eminence, as to give rise to a new designa-

tion, namely, the Attic. Excepting them and the Me-
garians, who retained tUe Doric name, all the other

Greeks, without the istWus, claimed JEoVic origin ;

and the Ionian name and dialect was retiinrd only by
those lojiians who had migrated to Asia and the islands.

Except in the rugged province of Arcadia, nothing re-

mained unaltered ; and the Dorian invaders brought
every thing back to that ruder state, in which they had
lived among their native mountains. Disputes soon Period of

arose among these allied princes, respecting the parti- »n»rchjr and

tion of the conquered countries. Internal dissensions, I'"'*''''''-

occasionetl by their turbulent subjects, were continually

raging in their respective governments. The enter-

prising Arcadians seldom suffered them to rest from
external hostilities. And, by all the^^ concurring

causes, Peloponnesus was rapidly falling back into that

state of anarchy and barbarism, in which it had becii

before the time of Pelops and Hercules. Nothing tend-

ed so eflectuully to resist this tendency to disimion

and turbulence, as the revival and rcgtdar establish-

ment of the public games, by Iphitns, sovereign of Elis..

These athletic games, as is eviilent fi-om the writ-
iie»iT»] ^

ings of Homer, had been occasionally celebrated under public

the superintentlence of ditlercnt jirinccs ; and at the (pima.

funerals of eminent men, many traditions prevailed, B. c. 776.
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Crcece. that Eleia in Peloponnesus had frequently been the

^*V~~' chosen scene of these contests, and the resort of princes

from various parts of Greece. Iphitus, therefore, ha-

ving procured a favourable response from the oracle at

Delphi, esUiblished a regular festival for that purpose,

to be held every four years at Olympia, in the territory

of Elis. Solemn sacrifices were to be offered to Jupiter

and Hercules, and games celebrated in honour of these

divinities. In these games, all Greeks were free to par-

take ; and, for a certain period, before their commence-

ment, as well as after their conclusion, a general armis-

tice was ordained to take place. The territory of Eleia

particularly, was to be at all times counted sacred, and

secured from every hostile encroachment. This Olym-
pian meeting, instituted about half a century after the

return of the Heraclides, served as a common capital to

theGrecian people, and contributed more effectually than

could possibly have been anticipated, to the advance-

ment of arts, science, and civilization, in all the different

General states. A general revolution in the government of
abolition of every state, began about the .same period to take place,
monarcliy. from causes very imperfectly known. The republican

spirit, which seems to have existed in all of them, even

under their early monarchical constitutions, acquired so

much strength, that, in a few ages, monarchy was every

where abolished, and the name of tyrant applied to all

who attempted its support, even under the mildest

form. For a sketch of the peculiar political institutions,

and separate history of the several states of Greece, we
must refer to their respective names, which form dis-

tinct articles in this work, especially to Athens and
Lacedemon ; and shall, at present, restrict our atten-

tion to those more extensive events which affected the

Grecian people in general. The first important occur-

rence of this description which communicated a new
and powerful spring to the genius of the Greeks, and

* greatly influenced their future progress in every path

of art and science, was the unparalleled struggle which
they so long and successfully maintained with the

whole power of the Persian empire. See Olympic
Games.

In the reign of Darius, the son of Hystaspes, the

power of the Persian arms was extended on every side

of that vast empire. All was subdued to the west, as

far as Macedonia. Amyntas, the king of that country,

acknowledged subjection to the Persian monach ; and
the Grecian islands soon began to feel his ambitious
and overwhelming influence. Cyprus, Samos, Lesbios,

Chios, and most other islands on the Asiatic coast, were
either persuaded or compelled to admit his supremacy.
Most of them, according to the uniform policy of the
Persians, were nevertheless allowed to retain their own
magistrates and laws. One of their own nation was
appointed to preside as governor ; and this person, what-
ever was his personal character, was always, from his

official situation, denominated Tyrant by the Greeks.
Athens itself, hard pressed by the powerful alliance,

which the Lacedemonians had fonned against them,
had begun to solicit the protecting aid of Persia ; but
Artapliernes, satrap at Sardis, having patronised the
pretensions of the tyrant Hippias, whom they had dri-
ven from his power, they were filled with detestation
of the Persian name, and the more readily consented to
assist the lonians in Asia, who had revolted against the
authority of Darius. These, however, were speedily
reduced ; and the Persian monarch, in order to punish
Athens and Eretria, who had given aid to the insurgent
states of Asia, or rather in prosecution of his ambitious
vjewB for the enlargement of hia dominions, sent a

Power of

Persia.

^Origin of

the war

with (iiet<xi

powerful army into Greece under the command of his Grecc

son-in-law Mardonius. Darius had previously dis- -—~y'

patched heralds to each of the Grecian states, demand-
ing earth and water as an acknowledgment of his su-

premacy ; and, if wholly independent of each other,

the greater part would probably have soon submitted
to the Asiatic yoke. But, happily for Greece, its little United i

commonwealths were at that period so united together of Greec

by reciprocal treaties and obligations, and especially by
a formal confederacy under the Lacedemonians, that a
kind of general tribunal existed for the punishment of
treachery or cowardice, which enabled them, in a great
measure, to act as one nation. Macedonia, which had
formerly paid homage, was more effectually subdued,
and compelled to pay tribute to the Persian king.
Thebes, by the influence of a faction, and a few other
cities, particularly .Sgina, made submission to his de-
mands ; but the Lacedemonians and Athenians were so
indignant at the requisition of Persia, that, forgetting

the law of nations and of humanity, they put the he-
ralds to death with the utmost ignominy and barbarity.

The Athenians, who had been at war with the Mei-
netse, and were thus the more excited to adopt opposite
measures to their hostile neighbours, accused them at
Sparta of desertion from the common cause of Greece

;

and the chief persons of that state were instantly or-

dered to be seized as traitors to their country. Little

progress was made by the invading army. The Per-
sian fleet lost nearly three hundred vessels by a storna P'^P"*

in doubling the promontory of Athos ; and the land Ija,,'"
forces suffered so severely from tlie Brygians, a people
of Thrace, that the season for military operations was
lost, and the whole armament was led back to winter
in Asia. A second army, luider the command of Arta-
phemes, son of the late Satrap of that name, and of
Dati«, a Median nobleman, avoiding the circuitous march
by Thrace and Macedonia., sailed from Cilicia in a nu-
merous fleet, reduced every island and appurtenance of
Greece in their way, and approached the frontiers of
Attica, with the exileil tyrant Hippias as their guide,

before any measures had been concerted by the Greeks
for the general security. A messenger was now dis-

patched from the Athenians to Sparta with the intelli-

gence of the capture of Eretria, and, at the same time,

with a request for assistance to themselves. The La- niiatj

cedemonians readily promised their utmost aid ; but, in condu of

conformity to a superstitious law, unworthy of their Lsmwhb

boasted political wisdom, declared, that they could not

take the field before the full moon, of which it then
wanted five days. Immediate assistance from Sparta

being thus denied, it became a question with the ten

generals, whom the Athenians had chosen to command
their army, whether they should venture to meet the

enemy in the field, or apply their whole exertions to

prepare for a seige. Opinions were equally divided,

and the decision was, by ancient custom, referred to

the polemarch Archon, who was persuaded by Miltiades

to recommend an immediate engagement; a measure ob-

viously contrary to all principles of defensive war, but
rendered necessary by the dread of internal factions in

the city. The Persian army, amounting, according to Battl'

the lowest calculation, (though even that is probably Mar lO"-

overrated) to 100,000 infantry, and 10,000 cavalry, ac-

customed to conquer, and having frequently engaged
the Greeks of Asia and Cyprus, advanced with confi-

dence as to certain victory. The amount of the Athe-
nian force has been stated as low as 9,000 heavy-armed
infantry, and 1,000 Plataans, who had bravely hastened

to share the desperate struggle fyr the freedom of their
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country. Various considerations,* however, make it

probable, that tlie rejjiilar Grecian tronpn, now opposed
to the Persians, were not much less than 20,000, with
about an equal numlx-r of armed slaves. With this army,
still fearfully inferior to the invading host, the jjcnius

of Miltiades, who was well acquainted with the nature
of the Persian troops, seconded by the detcrminetl bra-

very of his soldiers, gained, on the plain of Marathon,
a most decisive victory, and ilrove the routed Persians

to their ships with great slaughter. But this distin>

puished commander, having failed in a subsequent ex-
pedition .igainst the iEgean islands, M-hich had submit-
ted to the Persians, was, by the base niacliinations of
party spirit, contlemned to pay a fine of 50 talents, and
died in prison of the wounds which he had received.

The death of Darius, the revolt of Egypt, and the
disputes which arose about the right of succession to
the throne of Persia, procured to the Greeks a respite

of several years from any farther attempts against their

independence. But Xerxes, the young Persian mo-
narch, was sufficiently ardent to revenge the disgrace,
vhich the arms of his nation had sustained, and to pro-
secute those schemes of conquest, which his predeces-
sors had pLinncd. Four years are said to have been
employed in preparations for the punighment of Athens,
and the reduction of Greece ; and an army was collect-

ed, more numerous than had ever before, or than has ever
since been known in the annals of the world. To pre-
vent the disasters, which might attend the conveyance
of the armament by sea, as well as to provide for

the future security of the intended conquest, a canal,

navigable for the largest galleys, was, (according to the
united testimony of all the Greek historians and geo-
graphers, ) actually formed across the isthmus, which
joins mount Athos to the continent of Thrace. Two
bridges of boats also, the one to withstand the winds
and the other the current, were extended across the
Hellespont nearly between Abydos and Sestos, where
the street is about seven furlongs in breadth. Early in

tlie S])ring, the army moved from .Sardis, the principal

place of rendezvous ; and seven days and nights are

said to have been occupied in passing the bridges of the
Hellespont. The land and sea forces met at Doriscus
near the mouth of the Hebrus, where, according to He-
rodotus, the Persian monarch reviewed his enormous
army, which is said to have been composed of twenty-
nine different nations. This historian (whose testi-

mony, as he lived so near the time of the expedition,

ought to be most worthy of credit, but whose detail of
many incredible concomitant circumstances casts a
doubt over his whole narration ) estimates the effective

strength of the infantry at 1,700,000 fighting men, and
the cavalry at 80,000, exclusive of attendants and fol-

lowers, whose number defied calculation. ' The fleet

cpnsisted of 1207 galleys of war, carrying about 277,600
men ; besides transports, store-ships, and a variety of
smaller vessels, amounting, at a gross calculation, to

30()0,and their crews to240,000. The land forces march-
ed from Doriscus in three columns, every where adding
to their numbers, by compelling the youth of the coun-
tries through which they passed, to follow their standards.

'J'hey met again at Acanthus, where they were joine<l

by the fleet, which then proceeded through the canal

of Athos, into the bay of Therme, where tite whole
army coming up, formed an encampment, extending
from Therme and the borders of Mygdonia to the river

Haliacraon, near the confines of Thessalv. The Greeks,

in the mean time, were slow in concerting any meaMim Grctrr.

for their common defence ; and many of the smaller re- '' » ^"
])ublics readily made the required submission to the Per- Tnrdjr me«-
sian monarch, whose sway had been experienced bymany »>"•• "f «•••

Grecian states to be much less oppressive than that of Or««k»,

the domineering rule of the Spartan oligarchy, to which
the greater part of them had hmg been subjected. The Rtwiutc
determined resistance ofthe Athenian people first arrest- leuttatavl

ed the progress of the Asiatic host ; and to them chief- Atlmi*.

ly belongs the honour of having preserved fireece from
a foreign yoke. To this daring resolution they were
prompted, not entirely by the love of freedom, but by
the dread of certain punishment. The whole arma-
ment was ostensively prepared for their destruction,

and tlieir courage therefore was nearly that of de8|>air.

Their success at Marathon may have thrown a ray of
hope through the gloomy prospect before thsm ; and,

at this critical moment, they happily possessed in The-
mistoclcs a leader of extraordinary talents, peculiarly

fitted for conducting the arduous contest. Deputies
from the confederated states at length assembled at

Corinth, to consult respecting the conduct of the war

;

and an attempt was at first made to defend the passes

into Thessaly. An array of 10,000 men from the dif-

ferent states, joined by all the Thessalian cavalry, was
actually sent to occupy the vale of Tempe ; and was
competent to have defended the pass against any num-
ber of assailants. But the Grecian leaders, alarmed by
the accounts which they received of the multitude of
tlieir invaders, and understanding that there was ano-
ther opening into Thessaly, which they did not think
themselves strong enough to occupy, were struck with
a sudden jianic, and, embarking their troops, returned

to the Corinthian isthmus ; while the Thessalians, now
left to their fate, made an immediate submission to tho

demands of Xerxes. It was next resolved to make a

stand at the pass of Thermopylae, which afforded every

possible advantage to an inferior force ; but their nm-
tual jealousies and selfish anxiety to reserve their

strength for their proper defence, prevented the assem-
bling of a sufficient body of tr<K)ps ; and not more than

4000 men, most of them Arcadian mountaineers, were
collected to dispute the passage with the whole Persian

army.
Xerxes having halted several days at Therme, to Battle of

procure proper intelligence and guides, resolved to Thmno-

proceed by Ui)per Macedonia into The.ssaly, and reach- ^'^'^c-
ed the neighbourhood of Thermopj'laB without opposi-

tion. His fleet, afler suffering immense loss by a storm

in the bay of Casthanaea, enteretl the Pelasgian gulf ;

and the Grecian fleet, which was stationed off Arte-

misium to support the army at Thermopylae, succeeded

in capturing fifteen galleys, which had been dispersed

by the tempest. This favourable event at once revived

their spirit", and added greatly to the strength, of their

little nav}-. Xerxes, in the mean time, having fixed

his head quarters-at the town of Traches, in the Malian

plain, waited four days, in expectation that the Greeks

would yield to his numbers, and leave him an uninter-

rupted passage. A herald also was dispatched to LeO-

nidas, who commanded at Thermopyla-, requiring him
to deliver up his arms ; to whom the Spartan replied,

with laconic brevity, " Come and take them." Tlie

Persian mon.irch, therefore, on the fifth day, ordered

the Medcs an<l Cissians of his army to bring Leonidas

and his (Jreeks into his presence. Tliese being quickly

repulsed, the Persian guards, called " tlie iiuniortal

• See a very satisfactory statement in support of this opinion in Mitford's History of Greece.
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Grceoe. band," were marched to the attack. Their numbers

""V""^ were unavailing on so narrow a field ; their short spears

were very inferior in close fight to the longer weapons

of the Greeks ; and their repeated and courageous ef-

forts, to which Herodotus bears ample testimony, made
no impression. The assault was renewed on the fol-

lowing day, in hopes that wounds and fatigue might
exhaust the little army of the Greeks ; but still with-

out the smallest prospect of success. A Persian de-

tachment, however, having penetrated during the night

by another pass, and surprised the Phocians, who had
been intrusted with its defence, shewed themselves,

on the morning of the third day, far in the rear of the

Grecian army. Information of this fatal advantage be-

ing conveyed to Leonidas, it was immediately resolved

that they should all retreat to their respective cities,

and preserve their lives for the future wants of their

country. Leonidas, however, in obedience to a law of

S))arta, which forbade its soldiers, under whatever dis-

advantage, to flee from an enemy, resolved to devote

his life to the honour and service of his country. Ani-

mated by his example, every Lacedemonian and Tlies-
" plan under his command, determined with him to

abide the event. The Thebans also, on account of the

disaffection of their city to the Grecian cause, were de-

tained, rather indeed as hostages than as auxiliaries.*

Leonidas stationed his little band at the wall of Ther-
mopylae, where the pass was scarcely SO feet wide; and
all of them resolved to sell their lives to the enemy at

the dearest rate. With the fury of men resolved to

die, they rushed against tlie advance of the Persian

army, and made a dreadful slaughter of the crowded
suid ill-disciplined multitude. Numbers of them were
forced into the sea, and many of them expired under
the pressure of their own people. Leonidas fell early in

the fight, at the head of his troops; but the engagement
was continued, with advantage on the side of the Greeks,
till the Persian detachment came in sight in their rear.

They then retreated to the narrowest part of the pass,

where the Thebans began to sue for mercy, and were
most of them taken prisoners. The surviving Lacede-
monians and Thespians gained a little rising ground,
where they fought in the midst of a surrounding host,

till they were utterly cut to pieces. In the conduct of
the Spartan prince, there was wisdom as well as magna-
nimity. His example checked the disposition which
prevailed among the Greeks to shrink from the Persian
power ; and gave a convincing proof to the invaders, at

how vast a price of blood they would purchase their

conquest. During the transactions at Thermopyls, the
Grecian fleet gained several advantages over that of the
Persians ; and about two hundred galleys of the latter,

attempting to take the Greeks in the rear by sailing

round Euboea, were totally lost in a storm. Having
received intelligence of tiie fall of Leonidas, and the
retreat of the rest of the army, the Grecian fleet retreat-

ed from Artemisium, and sought the interior seas of
Greece. The Persian army experienced no opposition
in their march through Doris and Boeotia, wliich, ex-
cepting the cities of Thespiae and Plata'a, had always
been adverse to the confederacy of the Greeks. Pho-
cis alone, of all the provinces between Thessaly and the
isthmus, remained faithful to the cause of Grecian in-

difp^rsi^s
tl^P^dence. Its territories, therefore, were ravaged

to Athens,
without mercy by deUchments of the enemy ; while the
inain body advanced in a direct course to the devoted
city of Athens. The Peloponnesian troops having re-

solved to confine their operations to the defence of the Grceci.

peninsula, Attica was completely abandoned to the '"'Y'"
whole weight of the invading host. Athens was filled

with alarm, and all were convinced that their destruc-

tion was inevitable. The oracle at Delphi, however,
having recently pronounced, that " the wooden wall"

alone would afford an impregnable refuge to themselves

and their children, Themijtocles, who had probably

himself suggested the response, persuaded his country-

men that they were thus directed to embark on board
their fleet. I'heir families and effects were, in confor-

mity to his advice, immediately transported to Salamis,

iEgina, and Traszene ; and all the males who were able

to bear anns repaired to the ships. A few of the poor-

er citizens, who were unable to bear the expence of a
removal, and some others, who conceived the answer of
the oracle to point out their citadel, which was built of
wood, as the place of safety, refused to abandon the
city. The Persian army, advancing from I'hebes,

burned the forsaken cities of Thespia; and Plata;a ; and
experienced no resistance till they reached the citadel

of Athens, which was immediately invested ; and, be-
ing taken by assault, all within its gates were put to

the sword. The commanders of the Grecian fleet,

which was now assembled in the bay of Salamis, alarm-
ed by the intelligence of the fall of Athens, had resol-

ved in a council of war to retreat without delay, when
Themistodes, addressing Eurybiades the Lacedemonian,
who had the chiefcommand, threatened, if sucli a reso-

lution were adopted, to withdraw the whole of the Athe-
nian ships, which composed nearly one-half of the al-

lied fleet, and either to make peace with the enemy, or

seek some distant settlement for his deserted people.

His advice prevailed ; and it was determined to await

the approach of the enemy in the straits of Salamis.

This Athenian chief, however, still fearful lest some of

the squadrons should depart, is said to have accelera-

ted the approach of the Persians, by causing their mo-
narch to be privately informed, that the Greeks were
planning a retreat, and that he would thus lose the

most favourable opportunity of destroying their whole
navy at one blow. His stratagem was attended with

entire success. The Persian fleet hastened to make a

general attack ; while their army lined the adjacent BattWJ

shores, and their monarch himself was seated upon an Sal '

eminence to view the approaching battle. His fleet

amounted to 1200 galleys, and tliat of the confederated

Greeks to 300 ; but the narrow strait prevented the nu-

merous ships of the Persians from being regularly

brought into action, and the crowded situation render-

ed it impossible for tlie Phenician squadron to avail

themselves of the superior swiftness of their galleys,

and skilj of tlieir seamen. The very zeal of the Persian

commanders to distinguish themselves in the presence

of their monarch, tended to incre.ise the confusion. The
resolute and persevering attacks of the Greeks, aided

by the united talents of Themistodes and Aiistides, al-

lowed not a moment's respite to the enemy to restore

order, or recover from alarm. The confusion soon be-

came so general, that even flight was impracticable,and

the sea itself (according to the description of the scene

by the poet jEschylus, who fought on board the Athe-

nian fleet) became scarcely visible from the quantity of

wreck and corpses floating on its surface. Forty Gre-

cian galleys are said to have been sunk or destroyed ;

but most of the crews saved themselves on board of the

other ships, or on the neighbouring shore of Salamis.

• Id the army at Thetmopyla there were originally 300 Lacedemonians, 700 Thespians, and 400 ThebanSi
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firtece. But the Persuins had no refujtfe ; and their defeat was
'^^"~' Bttciuled with iminense loss. Still the remains of their

fleet were so larjrc, that the principal port of Attica

could not admit half its numbers ; and the Hreeks were
expeclinjr a renewal of the action on the foilownipf day.

I?ut the Persian connnanders appear to have concerted

no measures on the supjwsition of a retreat ; and a hasty

order during the night, directed the wliole fleet to steer

immediately lor the Hellespont The army, thus des-

titute of the supplies derived from the ships, and un-
j)rovided with sufficient mnjEfazines on land, fell back
upon the friendly province of Ba'otia, and speedily re-

treated into Thessaly. Three hundred thousand men
were chosen to remain, under the command of Mardo-
nius, to complete the conquest of Greece in the follow-

ing summer. Of this number, 60,000 of the best troops

were set cted as a royal guard, to accompany their mo-
narch as far as the Hellespont on his return to Persia.

ifferin^s
Tlis '"^'*^ o*' ''^^ immense multitude which he had led

the Per- into Clicece, left to their own resources, sufferetl be-

in army yoncl description, from the haste of their march, and the
its re- want of magazines. They subsisted by rapine from
"'

friends as well as foes : and were reduced at last to cat

the very grass from the ground, and the bark from the

tree.-i. Disea.se destroyed whom famine had spared
;

and the towns of Thessalj', Macedonia, and Thrace,

were crowded with the sick and the dying. Upon
reaching the Hellespont, the bridges were found to

have been de-^troyed by the violence of the cuiTent and
the storms ; but the fleet had arrived to trirtlsport the

wretched remains of the Persian host ; and its discom-
fited monarch proceeded to Sardis, not indeed entirely

unattended, a.s some of the Greek historians relate, but
with such a diminished retinue as might almost be call-

ed nothing, when compared with the incalculable num-
bers who formerly surrounded his person, and obeyed
his command.

•newal of Early in the following spring, the Persian fleet as-

'^j' sem!)led at Samos; and Mai'donius, having attempted
without success to detach the Athenians from the Gre-
cian confederacy, compelled them again hastily to aban-
don their country ; and, withont opposition, regained

possession of Athens. The Athenian people, under
the protection of their fleet, withdrew to Saliams ; and
there, though deprived of their country, and disappoint-

ed of the timely assistance which they ought to have
received from the Peloponnesian states, still rejected,

with the most enthusiastic miignanimity, all the conci-

liatory proposals of Persia. The Lacedemonians, who
were at the head of the allies, at length ashamed of
their ungenerous and dastardly ilelays, dispatched an
army of 5000 .Spartans and 35,000 Helots, under the
command of Pausanias. These were joined at the
isthmus by the other Peloponnesian troops, and by the

Atlienian army imder Aristides. Mardonius, secretly

apprized of their march, gave up the city of Athens
and its surrounding territories to be pillaged by his

troops, and fell back upon his magazines in Bceotia,

where he extended his camp along the course of the
]• Asopus to the frontiers of Plata;a. The confederated

Greeks, animated by the propitious omens which had
U'j. \,een indicated at their solemn sacrifices, advanced witli

confidence to meet the Per.sians, and pitched their camp
at the foot of Mount Cithieron, on the opposite side of
the river Asopus, composing a force of 1 10,000 men.

B
Mardonius, who appears from the account given by
Herodotus (the most impartial historian of the Persian
invasion) to have been deficient neither in courage or
policy, anxious to draw the Greeks from their advan.

tageous position, harassed them p^reatly with tncrsMnt Gtsrrr.

charges by his cavalry ; and more than ten days were ~"^c""~'
spent in various evolutions on both sides tu gain the

superiority of the ground, and to induce each other
to commence the attack. In one of these move-
ments, the greater part of the Grecian troops, ex-

cepting only the Tegeans, Lacedemonians, and Athe-
nians, actually fled to the walls of Platira ; and the
Persian commander, imagining the retreat to be
general, hastily advanced with his infantry as to

certain victory. A fierce engagement ensued, in which
the Persian soldiers, though insufficiently armed for

close fight, and unequal to the Greeks in the pntctice

of war, discovered no inferiority in point of courage
and enterprise ; and were often seen, in their vigorous

assaults, seizing and breaking with their hands the
long spears of their opponents. Multitudes perished

in tliese vain attempts to penetrate the Spartan pha-
lanx. Their eSbrts, after repeated failures, began to

relax. The Greeks advanced in their turn ; and confu-

sion soon became general among the Persian infantry.

Their commander Mardonius, while leading on a cho-
sen body of cavalry to support his broken troops, re-

ceived a mortal wound ; and his fall was the signal for

flight to the whole Persian army. Artabazus, next in

command, who is said to have dissented from his ge-
neral in the conduct of the battle, as soon as he was
assured of the rout of the main body, retreated with
40,000 men towards Phocis ; but the Persian and Pce,-)-

tian cavalry still kept the field, and afforded consider-

able protection to the flying infantry. The Lacetlemo-

nians and Athenians, however, having succeeded in

carrying the Persian camp by assault, a dreadful slaugh-

ter ensued ; and, excepting the detachment which had
escaped under Artabazus, only 3,000 finally survived

of 260,000 Asiatics, who composed the rest of the army
of Mardonius. In the mean time, the Grecian fleet,

which had remained during the summer inactive at

Delos, was encouraged, by a private assurance of the

favourable disposition of the lonians, to attack the Per-

sian fleet at Samos. The Persian admiral, having suf-

fered the Phenician squadron to depart, in the idea that

the season was too far advanced for naval operations,

as soon as he received intelligence of the approach of

the Greeks, hastily sailed from Samos ; and, passing to

the opposite promontory of Mycale, drew his galleys

upon the beach, and prepared to defend them on shore.

The Greeks, resolving to attack the fortified camp, dis- ygjUe ot

embarked their forces in two divisions, one under the Mycale.

command of Xanthippus the Athenian, and the other

led by Leotychides the Lacedemonian. The former

arriving first at the Persian entrenchments, imme-
diately commenced the assault; and, aided by the

Greeks in the Persian service, had entered the ram-

part, before the Lacedemonians came up. The other

Asiatics instantly fled from the Athenian assailants ;

but the native Persians resisted with the utmost bra-

very, till the arrival of the Lacedemonians, when tliey

were completely overpowered, and almost entirely cut

to pieces. Tlie victorious Greeks, after carrying off'

the most valuable part of the spoil, set fire to the camp,
,

and consumed the whole of the Persian fleet on the

very same day that their army was annihilated at

Platxa. This successful resistance of Greece to the

Persian invasion, holds out an encouraging example to

all free states, to maintain their independency against

any power, however formidable ; and clearly shews,

that an obstinate determination never to submit, accom-

panied with wise counsels and steady discipline, will
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Divisions

among
themselves.

Greece, rarely fail of ultimate success. The Persian war, in-
^—^'~~' deed, was not yet terminated. The Greeks, in their
Farther turn, became the assailants and invaders. They pre-

the Greeks, l'^''^*'
*" protect tlie lonians, who had thrown off the

Persian yoke, and particularly to restore freedom to

those Grecian cities in which the Persians had left gar-
risons. Under the Spartan general Pausanias, but es-

pecially under Cimon the Athenian, they carried their

I victorious arms to Byzantium, to the island of Cyprus,
and even into Egypt. By a double victory gained on
the river Eurymedon, under the last mentioned com-
mander, both over the fleet and army of Persia on the

same day, its naval strength was so broken, and its

hind forces so disheartened, that offensive operations
against Greece were totally intermitted ; and it became

, the boast of the Grecian states, that no armed ship of
Persia was to be seen westward of the Chelidonian
islands, or the entrance of the Euxine, and that no Per-
sian troops dared to shew themselves within a day's

journey of the Grecian seas. But the ambitious views,

and political jealousies, which arose among tlie confe-

derated states of Greece during the prosecution ofthese
successfid operations, prepared greater evils for their

country than all that they had endured, while strug-
gling under the pressure of the Persian hosts. The
Athenians, though apparently the greatest sufferers by
the invasion, derived the greatest benefits from its ef-

fects. They found tlieir country laid waste, and their

city in ruins ; but, in consequence chiefly of their naval
superiority, and a succession of great commanders, they
rapidly attained that supremacy in Greece, which the
Lacedemonians had hitherto enjoyed ; and by the able
conduct of Cimon, the most distinguished of all their

leaders, soon reached the summit of their political in-

fluence and military power. The Lacedemonians had
not been inattentive observers or inactive opponents of
the growing consequence of the rival state ; but, usually
slow in their counsels, (and weakened by an earthquake
which laid their (Capital in ruins, and by a consequent
insurrection of the Helots, which reduced them to the
necessity of requiring aid from their neighbours,) had
long evaded an open rupture with the Athenian repub-
lic. The latter people, however, accustomed to war,
elated with success, swayed by a turbulent democracy,
and unable longer to disguise their ambitious designs
upon the liberties of Greece, not satisfied with repeated
interferences and aggressions against the ancient allies

of Lacedemon, proceeded at length to make a direct and
unjustifiable attack upon its armies, while returning
from the protection of Doris, against the inroads of the
Phocians. Aided by the Argians and Thessalians, they
met the Lacedemonians and their Peloponnesian allies
at Tanagra in Boeotia. After a severe action of two
days, and great slaughter on both sides, the Athenians
were compelled to retreat, and the Spartans pursued
their march without farther obstruction.

In the view, however, of raising a state without the
peninsula, to balance the power and curb the ambition
of Athens, they formed a close alliance with the The-
bans, and willingly seconded their attempt to recover
that supremacy in Boeotia, which they had been accus-
tomed to claim before the event of the Persian war.
But the Athenians under Myronides speedily regained
the mfluence which they had lost by their defeat at Ta-
nagra

; and all Bceotia, with the exception of Thebes,
was brought either into their alliance, or under their
dommion. Burdened at length by the variety of their
mditary operations, and even by the extent of their con-
quests, they were disposed to enter into negotiations with

their Peloponnesian adversaries ; and by the good offi-

ces of Cimon, whom they recalled from exile, and who
had always been greatly esteemed at Lacedemon, a

truce for live years was concluded between the rival

powers. But, after the death of that distinguished

commander, who had uniformly exerted himself to di-

vert the military spirit of the Greeks from internal wars,

hostilities were again renewed. The Athenians, how-
ever, being hard pressed, and even invaded by the Pe-

loponnesian confederates, as well as encumbered by the

numerous islands and colonies subject to their empire,

a second time sought an accommodation ; and a truce

was concluded for the space of thirty years, upon terms

by no means advantageous to their influence. But the

constitution of Greece, composed of so many small and
independent states, was imfavourable to a long conti-

nuance of general tranquillity. Its governments were
so distinct, that no common authority could prevent

the occurrence of partial wars ; and yet so connected,

that war in any part always endangered the peace of

the whole. I'his was more especially the consequence
of a practice, which had become universal among the

weaker states, to provide for their protection by court-

ing the alliance, or rather acknowledging the dominion
of one of the two leading republics of Lacedemon or

Athens. These two rival powers also differed consider-

ably in the political principles which they respectively

favoured, the former being generally the patroness of
aristocracy, and the latter of democracy. Hence their

influence was extended according as one or other of

these opposite factions prevailed in the diflbrent states;

or rather, according as their arms were severally crown-
ed with success, the party to which they were friendh'

gained the ascendency, and succeeded in bringing the

state which it ruled to the side of Sparta or of Athens.

This constant rivalship, never wholly dormant, and
kept in continual excitement by the frequent quarrels

of the minor commonwealths, at length gave rise to the

long and bloody contest of the Peloponnesian war.

The Athenians, having assisted the Corcyraeans against

the Corinthians, were fonnally accused by the latter

people, joined by maiiy other complainants, of having

broken the truce, and insulted the Peloponnesian con-

federacy. An assembly of deputies from the different

states, of which that confederacy yraa composed, having

met at Sparta, a great majority decided for an imme-
diate recourse to arms ; and even the historian Thucy-
dides admits, in the most explicit terms, that a general

sentiment of indignation had been excited among a

large portion of the Grecian people, by the arbitrary and
oppressive sway of the Athenian republic. See Aris-
TIDES, &C.
The two hostile confederacies, though very different-

ly composed, divided between them very equally the

force of the Greek nation. All the Peloponnesian

states, except the Argians, who remained neutral, join-

ed the Lacedemonians. In Northern Greece, the Me-
garians, Boeotians, Locrians, Phocians, &c. formed a

part of the same alliance ; and external assistance was
expected from the king of Persia, and the Grecian co-

lonies of Italy and Sicily. The Athenians had few
allies, and some of them not very zealously inclined to

their cause. The principal were the Thessalians, and
Acarnanians, and the islands of Corcyra, Zacinthus,

Chios, and Lesbos, But all the other islands of the

jEgean Sea, except Melos and Thera, and all the wealthy

Grecian cities of Thrace, of the Hellespont, and of Asia

Minor, were tributary subjects of Athens, and entirely

subject to its controul. I'he Spartan king Archidainus»
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who had the chiefcommand of the Peloponnesian forces,

amounting to 60,000 men, advanced slowly to the in-

vasion of Attica ; but, before actually commencing hos-

tilities, he once more proposed the terms of accommo-

dation, which the Athenians had formerly rejected.

The celebrated I'ericles, who liad lonj^ directed the

councils of Athens, and who is supposed to have plun-

ped his country into war, for the purpose of prolonging

his personal influence in the state, easily induced his

fellow citizens to refuse all farther negociation ; but all

his extraordinary talents were necessary to persuade

the Athenian people to adopt the measures of defence, to

which they were reduced by the power of their ene-

mies. Aban<loiiing their country to the ravages of the

hostile army, they were compelled to secure themselves

and their effects within the walls of the metropolis,

filling the temples, the turrets of the ramparts, the

tombs even, and the lowest hovels, with their wives

and children. Pericles, reproached and threatened as

the principal author of their calamities, and vehement-

ly urged to meet the invaders in the field, directed all

his .ittention to the defence of the city, and the preser-

vation of gootl order. The Lacedemonians and their

allies, liaving exhausted the means of subsistence, and

loaded themselves with plunder, returned to Pelopon-

nesus, and dispersed to their respective cities. The
Athenian fleet, in the mean time, ravaged the coasts

of Peloponnesus, taking, in its return, tlie island of

jEgina ; and, towards the end of autumn, Pericles,

with the whole of the land forces, laid waste the neigh-

bouring territory of Megara. At the commencement
of the second summer, the confe<ler.ites inider Archi-

damus again entered and ravaged the country of At-
tica ; while a more dreadful scourge, a pestilential fever

resembling the modern disease of the plague, raged in

the crowded streets of the city. The war, however,

was not arrested by this awful calamity ; and, for se-

veral years was regularly conducted in the same man-
ner. The Peloponnesian states were so superior in

land forces, that tliey annually invaded the territories

of the Athenians, who could not risk a general action,

without exposing themselves to certain ruin ; yet the

confederates were, on the other hand, so ignorant of

the art of attacking fortified places, that they could

make no impression upon a city like Athens, defended

by 30,(X)0 men, and supplied by a pow^erful fleet.

The war thus continued to rage, for many years, with

nearly the same success, and equal losses on both sides.

It consisted in a succession of partial engagements,

hasty excursions, and distant sieges, which never af-

fected the main object in view, or brought the contest

one step nearer to a conclusion. Partaking also in a

great degree of the nature of a civil war, it was carried

on with a spirit of ferocity rarely exemplified among ci-

vilized nations ; and, though the time of its continu-

ance, the very age of Socrates himself, was an era, at

least in the history of Athens, characterised by the

high perfection to which arts and sciences, philosophy

and refinement, had been brought ; yet, in no period of
Grecian history, were more atrocious barbarities com-
mitted. Every transaction has been minutely recorded

by the Athenian historians, Thucydides, and Xenophon,
who were contempor.iry with most of the events, which
they describe ; and our account must be greatly com-
pressed, not from the scarcity, but from the abundance
of materials. The league, headed by the Athenians,
was almost entirely under their command ; while that

of Peloponnesus, being composed of independent states,

was continually changing in its component parts, and

liable every instant to be utterly dissolvefl. Had the Grttitk

Athenian people therefore steadily adhered to the plan *""'V^
of Pericles, and, renouncing every idea of con<|uest,
confinetl them.selves to a defensive war by land, and
offensive operations by sea, they might ultimately have
triumphed over their numerous opponents; and, at
least, have inflictetl more serious injuries than they could
have received. From the excessive diversity and dis-
proportion of the forces engaged in the contest, the one
over-running the land, and the other scouring the seaa
and coasts, the war was inevitably spun out to an
indefinite length ; and often were both parties, wearied
of their accumulated .sufferings, desirous of peace ; but
propos.^ls for negociation were as often prevented by
the vain ambition of Cleon, who had 8uccee<led, at the
death of Pericles, to the direction of the Athenian coun-
sels, and by the warlike spirit of Brasidas, the bravest
of the Spartan leaders. After their death, a truce was Tnice eon-
concluded for the space of fifty years ; and every thing eluded

was restore<l to the same situation in which it had B. C. 42J.

stood at the commencement of hostilities : but mutu.nl
hatred, and boundless ambition, had acquired such hold
of the minds of the principal men on all sides, that the
appeai-ance of concord was of short duration. New
leagues and dissensions arose, which led to reciprocal
recriminations and partial hostilities ; but it was not
till the expiration of nearly seven years, that they again wa, renew-
came to an o})en rupture. Athens was the aggressor, ed.
and the ambition of Alcibiades was the sole cause of
the renewal of hostilities. This celebrated character,
with all his accomplishments and talents, was gjiided
by principles so invetcrately vicious, that he alone may
be charged with having accelerated the ruin of the
Athenian state, and completed the corruption of its

citizens. He persuaded the people, without any other
reason, except that the city Egcsta in Sicily had soli-

cited the assistance of the Athenians, to undertake the
conquest of that island ; but, scarcely had the expedi-
tion, in which he was appointed a commander, com-
menced its operations, when he was recalled to stand
his trial, upon a charge of impiety. Aware of the ca-
prices of his countrymen, he took refuge in Pelopon-
nesus ; and, enraged by the sentences pronounced
against him in his absence, he instigated the Lacede-
monians to assist the Syracusans, and to attack the
Athenians, while their army was engaged in the remote
and romantic enterprize which himself had planned.
The Sicilian expedition terminated in the most disas-

trous manner ; and almost the whole of the Athenian
army was destroyed or taken captive. The Lacedemo-
nians, supported by a powerful confederacy, and assist-

ed even by the Persian viceroys, invaded Attica, block-
aded the city of Athens, and would speedily have ter-

minated the war by its reduction. But Alcibiades,
having been expelled from Sparta on account of his li-

centious practices, exerted himself to detach their Per-
sian allies, and to retrieve the falUng hopes of his

country. Recalled by the army, and raised to the chief
command by the unanimous acclamations of the people,

he recovered many of the lost colonies, defeated the
fleet of the confederates, and so alarmed the Lace-
demonians, that they were ready to have treated for

peace. But the Athenians, intoxicated with success,

prolonged the war; and, insensible to their interest,

again threw away the instrument of their victories.

Their fleet having sustained a trifling loss while Alci-

biades was absent, and employed in levying contribu-

tions in Ionia, for the support of the forces, he was in-

stantly disgraced by the fickle voice of the populace ;
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Greece, and tlie power of Peloponnesus again acquired the as-

^"""V""^ cendency. The confederates, taujjht by experience,

had exerted themselves to increase the number of their

ships, and liad at length succeeded in attaining also a

portion of that maritime skill, which had hitherto given

to the Athenians so decided a superiority by sea. The
Athenian navy, however, trusting to their long acknow-

ledged eminence, and elated by a victory wliich they

had gained over the Spartan fleet at Arginusa. near

Lesbos, despised their enemies, and neglected all ordi-

nary precautions, with unexampled imprudence. Ly-
sander, the ablest of the Lacedemonian generals, having

succeeded to the command of the allied fleet, and taken

the city of I^ampsacus upon the coast of the Helles-

pont, resolved to avail himself of that self-confidence

which guided the counsels of the Athenian captains.

In order to increase their insolent security, he repeat-

edly declined battle, which they daily oftered him, but

kept his own crew prepared for action at a moment's
warning. Having learned that they regularly drew
their fleet ashore on the open beach at Aigospotann', on

the opposite coast, not more than two miles from his

own station, and then suffered the soldiers and crews

to disperse over the adjoining country in quest of lod-

gings and provisions; he easily found means to surprise

them in this unguarded condition, made himselfmaster

of their whole fleet except nine galleys, and took pri-

soners the greater part of their forces, by whicli it had
been manned A striking instance now occurred of

that savage barbarity, with which the different powers
in the Pelo])onnesian war were generally chargeable.

The Athenians had resolved, in their assurance of vic-

tory, to cut off" the right hand of every prisoner whom
they should capture ; and this intended cnielt), «\'ith

many similar acts which they had perpetrated, was im-
mediately requited by a general massacre of tiie iviptives

at Aigospotami. Lysander, with his own hand, cut

down their general Philocles, after reproaching him
with having: first set the example among the Greeks of
such violations of the laws of war; and, upon this sig-

nal, about 3000 Athenian citizens were butchered in

cold blood, by the allied troops. The Lacedemonian
commander, now completely master of the seas, speedi-
ly reduced the principal colonies and dependencies of
Athens ; and then hastened, with a fleet of 200 galleys,

to blockade the port of that devoted city, while the land
forces of the confederates, at the same time, surround-

Athens re- ^j^ »ts walls. No assault was attempted, and its reduc-
diiced to the tion was left entirely to the sure operation of famine,
lastextre- The haughty and turbulent citizens discovered not
'""'y- even tlie courage of despair in their defence ; but were

solely anxious to avert the sentence of utter extermina-
tion, with which they were threatened by some of the
allied states. The Lacedemonians, however, probably
as much from policy as generosity, secured for them
more favourable terms, and saved their persons from
servitude and slaughter. But it was determined, as a
measure absolutely necessary to the safetv and repose
of Greece, that their tyrannical spirit should be eflfectu-
ally humbled, and their power as a state entirely bro-
ken. They were spared upon the following conditions

;

that all their ships of war should be surrendered, except
12; th.atthe long walls and the fortifications of Pei-
raeus should be destroyed ; that all exiles and fugitives
should be restored to the rights of the city ; that the
Athenians should hold always as friends or enemies
those states, who were the allies or the adversaries of
X,acedemon

; and should be ready to attend the Spar-

tan power, by sea or land, as they might receive orders.

These terms being accepted, the Spartan fleet entered

the Peiraeus, and the army took possession of the walls.

The fortifications, which had been condemned, were
instantly thrown down, to the sound of military music,
and their demolition celebrated with triumph as an
rera of recovered freedom to Greece. The jiopular as-

sembly was abolished ; the government changed from
democracy to oligarchy ; and thirty magistrates were
appointed to form the new administration of the com-
monwealth. Such was the termination of the Pelopon-
nesian war, in its twenty-seventh j'ear ; anil Lacede-
mon, now in alliance with Persia, having again become
the leading power in Greece, the aristocratical interest

reigned paramount in almost every Grecian state. See
Alcibiades, &c.

Sparta having recf)vered her influence in Greece,
acted not less tyrannically than on former occasions

;

and, under the ambitious projects of Lysander, became
daily more corrupted in her principles of policy. The
thirty magistrates, who had been placed at tile head of
the Atlicnian state, were supported by assistance from
Lacedemon in the most atrocious acts of cruelty and in-

justice ; and the other Grecian cities were prohibited

even to afford a refuge to the unhappy Athenians, who
fled from tlieir oppressors. Not contented with cutting
off" their political adversaries, the thirty tyrants, under
the direction of Critias, ])roceeded to murder, upon fri-

volous pretences, all persons whose riches they wished
to seize ; and the slightest murmur against their op-
pressions was punishs'd with imprisonment, exile, or

death. In the space of eight months, fifteen hundred
citizens were sacrificed to their avarice or vengeance ;

and Xenophon goes so far as to affirm, that their short

reign was more destructive to Athens, than the prece-

ding war of thirty years. At lengtli, liowever, Thra-
sybulus, at the head of his exiled countrymen, drove
the tyrants from their seat of abused power, and resto-

red the ancient democratical form of government at

Athens. By his wise moderation, the spirit of retalia-

tion was re.straine«l, a general amnesty proclaimed, and
tranquillity restored to the Athenian state. But what-
ever was the form, tyranny was too generally the spi-

rit of the Grecian governments, and especially of the

pure democracy at Athens. Equally unjust and cruel as

the most lawless despots, they were often much more
inconsistent with themselves, and fickle in their pro-

ceedings. While they allowed their poets, for their

amusement, to ridicule the gods upon the stage, they
punished their sages, who endeavoured, for their in-

struction, to introduce worthier sentiments of religion.

By their sentence, the celebrated Socrates, (whom even
the tliirty tyrants had spared, tliough he often opposed
their measures,) was iniquitously put to death.

The Greeks were again involved in a contest with
Persia, by the attempt of Cyrus the younger to de-

throne his brother Artaxerxes. That ambitious prince

being governor of Asia Minor, and friendly to the

Spartans, persuaded them to join his standard with

13,000 Grecian troops; but, excepting their leader

Clearchus, they are said to have been entirely ignorant

of his views upon the Persian crown. The celebrated

retreat of tlie remains of this army, after the death of

Cyrus, generally called tlie retreat of the ten tJiousand,

is considered as one of the most extraordinary ex|)loits

recorded in the annals of the military art; and, by
proving the weakness of Persia, is supposed to have
had considerable influence in promoting the Macedo-
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niiin invasion, and conquest of that extensive but feeble

empire. It had the more immediate cfTect of encou-

raging an expedition, under Agesilau.s kinjf of Sparta,

to recover the liberty of the Grecian colonies in Asia.

Assisted by 30 captains, with I.ysander at their head,

he filled all Asia with a dread of his arms ; and waa
preparinjr to carry the war into the heart of the empire,

when he was suddenly recalled for the protection of his

own coiintrj'. The Persian monarchs had tliscovered a
more e;isy and effectual defence against Grecian valour,

than their most numerous armies had been al)le to pro-

vide ; and, by a seasonable distribution of bribes among
the leading men of the ilifferent states, succeecled in

turning the arms of these warlike republics against

one another. The Thehans were first gained to their

interests, who easily succeeded in persuading the Athe-
nians. Even Argos and Corinth, two I'eloponnesian

states, joined the confederacy, to which were added
Acaniaiiia, Ambracia, Leucadia, Euboea, part ofThes-
saly, and Chalcidice in Tlirace. The haughty tyranny
of Lacedemon furnished sufficiently ostensible reasons

for the union ; and Persian gold readily supplied the
arguments which were wanting. The confederates
sustained a severe check in the vicinity of Corinth, and
were afterw'ards defeated by Agesilaus at Coroneia
with great loss on both sides ; but Pharnabazus, assist-

ed by the Athenian commander Conon, having defeat-

ed the Lacedemonian fleet, completely destroyed their

influence in Asiatic Greece. They proceeded even to

ravage the coasts of Laconia ; and, assisting the Athe-
nians to rebuild their long walls, which connected the
Peir.Tus witli the city, again laid the foundation of their
naval power. After various vicissitudes and intrigues,

all parties l)ecame tired of war, and disposed to peace.

The Lacetlemoni.-ms, though still superior in the field,

yet destitute of the aid which they had formerly deri-

ved from the Persian treasury, were straitened in their

pecuniary resources ; and Pharnabazus, the friend of
Athens, having been succeeded in Lydia by Tcribazus,

the new Satrap became favourable to the interests of

Sparta. ]5y the able negociations of Anlalcidas the La-
cedemonian, the Persian monarch was brought in as

mediator, or rather dictator, for a general pacification

among the states of Greece, of which the conditions

were simply these ;
" that all cities on the continent of

Asia, together with the islands of Clazomene and Cy-
prus, should belong to the Persian empire ; and that

all other Grecian cities, small and great, should be com-
pletely independent, except that the islands of Lemnos,
Imbros, and .Sciros, should remain as formerly under
the dominion of Athens." Again-t all who should re-

fuse these terms, tlie court of Persia declared itself

ready to unite with those who accepted them, and to

render every assistance, by land and sea, to reduce the
refractory. The weaker states were well pleased to be
secured in their independence. The Athenians were
gratified, by the exception in their favour. The The-
bans, anxious to preserve their authority over the
smaller towns of Bceotia, wished to stipulate for that

superiority ; but were compelled to concur in the terms.
And the Lacedemonians, while they lost nothing by
abandoning the Asiatic Greeks, whom they had already
been obliged to desert, gained the great object of the
war,—the separation of the states which had combined
against them, and the emancipation, especially, of the
Boeotians from the growing power of Thebes. They
soon shewed that they accounted themselves to have
established their supremacy ; and were the first to dis-

turb the general tranquillity. They demolished the for-

tifications of Mantiiia?a, as a punishment for the disaf-

fection of its citizens to the Lacedemonian interests, Gutu.
during the prece<ling wars. Tl»ey marched against """V"^
Olynthus, a CJrecian city of Thrace, because, by asso-

ciating the smaller towns in its vicinity under one go-
vernment, it.waa con8idere<l as infringing the condi-
tions of the I.'ite treaty; though its only offence was
the increase of its strength liy a wise and liberal poli-

cy, which ought to have been emulated, rather than
op)ioscd by the other Greeks. They interfered also,

in the most unjustifiable manner, in the political con-
tests which agitated the Theban state ; and, by this

rash measure, gave rise to a long and com|)licate<l

struggle, which ended only with the general overthrow
of Grecian independence. Their general Pha-bidas, Their occu-

returning from an expedition against the Olynthians, pation of

was persuaded to join the leader of the aristncratical Ihebe*.

party in Thebes, and to occupy the citadel with a La- ^' *'* ^
cedemonian garrison, 'i'his unauthorised step, though
at first disapproved by the government of Sparta, was
finally sanctioned by their retaining possession of the
fortress thus treacherously seized, and by their bring-
ing to trial and punishment the chief of the adverse
faction, as if they had been the constituted judges of
Thebes. For the space of four years, they succeeded in

holding the Thebans under the most humiliating sub-
jection ; but suddenly the 'J'heban exiles, with the as-

sistance of the Athenians, by one of the boldest and
best conducted exploits recorded in history, recovered

possession of their power in the city, and compelled
the Lacedemonians to evacuate the citadel. With dif-

ficulty the Thebans at first withstood the armies of
Spaita, by acting on the defensive ; but gradually im-
proving in military skill, they learned to face in the

field, and to combat, even with inferior numbers, the

experienced troops of their powerful adversary. Un-
der the able direction of Epaminondas and Pelopidas,

they ventured, though then without an ally, to perse-

vere in the unequal contest ; and, in the famous bat- Deftated ai

tie of Leuctra, the bloodiest action hitherto known in Leuctra.

Greece, these distinguished commanders, by their skil- B. C. 37&
fid dispositions, and the enthusiastic courage with,

which they inspired their troops, defeated an army
nearly four times the number of their own. Never
had the Lacedemonians, before that day, retreated from
an inferior force, or lost in any one engagement so

many of their citizens. Another of their boasts, " that

never had the women of Sparta beheld the smoke ofan
enemy's camp," was now also done away.
The victorious Thebans, headed by Epaminondas, and City of

joined by many of the Grecian states, ravaged the La- i^P"'*

cedemonian territories to the very suburbs of the capi-
"^'"**

tal ; and on their return reinstated the Messenians, whom
the Spartans had driven from their country. The La-
cedemonians, alarmed not merely for their supremacy
but their safety, secured assistance from Athens, from

Syracuse, and even from Persia, while the Tlubans
were hard pressed by a war in Thessaly, against Alex-
ander, tyrant of Pherae. Pelopidas, however, having

been dispatched to the Persian court, succeeded in re-

commending himself to the esteem of the monarch, and
in turning his friendship to a state which had never

been at war with Persia. Thebes, into.xicatetl with her

rising power, which she owed chiefly to the abilities of

her leaders, obstinate in maintaining her authority over

the cities of Bceotia, which was perhaps necessary for

her resistance to Lacedemon, and aiming to become the

arbitress of Greece, which her sudden elevation provo-

ked many of the states to regard as unpardonable pre-

sumption, may be considered as at this perio<l the cause

of the continuation of hostilities among the Greeks.



472 GREECE.
Greece.

Battle of

Mantinsea.

B. C. 3C3.

Spartan

army sent

to Egypt.

Irregular

and ineiTeC'

tWe admi-
nistration

at Athens.

Sparta, however, was equally obstinate in refusing to

acknowledge the independence of tlie Messenians, and
war was prolonged for some time with little effect,

chiefly between the confederates of the two principal

powers. The Thebans, having at length terminated

the war with Tliessaly, with the loss of their able ge-

neral Pelopidas, were at liberty to take part more effec-

tually in the transactions of Peloponnesus. A civil war
liaving broken out in Arcadia between the cities of

Mantina?a and Tegea, the Thebans supported the cause

of the latter, while the Athenians and Lacedemonians
declared for the former. The very existence of Sparta

was threatened by the bold and enterprising measures
of Epaminondas, who had nearly taken the city by sur-

prise ; but, frustrated in his plan by the activity of Age-
silaus, he returned and gave battle to the Lacedemo-
nians and their allies at Mantinaea, where he was mor-
tally wounded in the moment of victory, and where
with him the power of the Theban state expired. A
general pacification succeeded, ujwn the basis of the

former treaties prescribed by Persia, that every city

should be independent ; but the Lacedemonians still

persisting in their wi.sh to reduce the emancipated Mes-
senians, were excluded from the treaty, and remained
nominally at war with the confederates ofThebes. Ex.
asperated by the friendly dispositions which tlie Per-
sian court had manifested to the Thebans, and perhaps
expecting to acquire some pecuniary resources for the
Recovery of their power in Greece, they sent an army
to aid tlie insurgents in Egypt. After the death of
Agesilaus, on his return from Africa, little occurs in
the history of Greece deserving of notice, till the ap-
pearance of Philip of Macedon. A great change had
taken place in Grecian politics. There was now no
leading state, either of-the aristocratical or democratical
interests ; and, though every city exercised a jealous
watchfulness to prevent any overbearing superiority in

another, there were no extensive confederacies or hos-
tilities ; but lassitude, indecision, and divisions, perva-
ded the nation, and paved the way for the universal
subjugation of their liberties by the Macedonian mo-
narchy. See Agesilaus, Epaminondas, &c.

In consequence of the blow given to the Spartan
power in the battle of Mantina?a, and tlie decline of
Thebes after the loss of Epaminondas, Athens remain-
ed the most prominent and respected of the Grecian
republics. In want, however, of any salutary check
from a powerful rival, its government became extrava-
gant and irregular in the most extraordinary degree

;

the inconsiderate voice of the multitude deciding every
measure, frequently ratifying at night what they had
rejected in the morning, and ready to follow every
varying scheme of every flattering orator. The citi-

zens also, sinking into unbounded luxury, declined all
military service, and resorting to the aid ofmercenaries,
engaged in hostilities chiefly for the purpose of collect-
ing plunder, or of extorting tribute. Every marauding
expedition was approved, provided the leaders brought
home a sufficiency of treasure to provide amusements
for the people, and to bribe the orators to silence. The
official men, in short, inadequately rewarded by their
regular salaries, learned, as is almost uniformly the
case, to recompense themselves ; and the people, either
become necessitous by their idle attendance on political
matters, or injudiciously supported by the public funds
as an encouragement to population, actually depended
for their subsistence upon the sacrifices, feasts, and
spoils connected with their military expeditions. While
Athens was in this situation, strangely feeble in the

whole constitution of its government and population, Gret
;

yet by means of its naval force still the principal repub'

lie in CJreece, a rival to its power arose in a quarter,

which had hitherto attracted little attention, and had
even been regarded by the Grecian states a* undeserv- Cawi,
ing of their notice. Though the kings of Macedonia power

pretended to be the descendants of Hercules, the Greeks -Maced

considered them as no part of tlieir nation, but always
treated tlicm as barbarians. This kingdom had existed

more than four hundred years, but had generally stood
in need of protection from Athens or from Sparta ; and
had never risen to a capacity of partaking in the emi-
nence of these republics. But it now furnished an ex-
ample, similar to that of Thebes, of the power of one
distinguished iniHvidual to accomplish, in favourable Acceni
circumstances, tl>e most important revolutions. It was of vh.l

in Thebes, indeed, tliat the new leader of the Macedo- 'he A ><

iiians had received his best instructions in the arts of "!!*''!*

policy and war. Philip had been taken to that city as 3% L

a hostage when he was only ten years of age, and "had '

been carefully educated under the eye of Epaminondas,
assisted by the celebrated Pythagorean philosopher Ly.
sis. At twenty-four years of age he ascended the throne
of Macedon, and gave early indication of his talents for

government. At the period of his accession, he found
himself at war with the Athenians, who supported one
of his competitors for the kingdom. Having defeated

his adversary, -who was slain in the action, he instantly

liberated, and loaded with favours, all the soldiers of
Athens whom he had taken prisoners. Having disco-

vered, that the Athenians were intent upon tlie reco-

very of Amphipolis, wliich they claimed as one oftheir
colonies, but wliich he had seized as the key of his do-
minions on that frontier, he was equally reluctant to

put it in their power, or to come to a rupture for which
he was not prepared. With his usual consummate po-

licy, therefore, he declared it in the mean time a free

city, and left the inhabitants to maintain their own in-

dependence. A peace and alliance were ratified be-

tween the Macedonian prince and the city of Athens ;

but their agreement was of short duration. A contest

speedily commenced, which led to the subversion of
Grecian freedom by the arts and arms of Philip; but
which owed its origin as much to the unprincipled ag-

gressions of the Athenian democracy, as to the ambi-
tious views of the Macedoniiui monarch. While in full

alliance and co-operation with Philip against the Olyn
thians, they suddenly indicated their hostility to his Atbe'u

interests, by detaching the town of Pydna from his king- '''"'

dom, and making a direct attempt to possess themselves

of Amphipolis. Failing in their design, it was soon af-

ter occupied by Philip, and rendered a strong barrier

between his dominions and those of the Grecian states.

Before this time had commenced " the Sacred War," o
undertaken by the Boeotians, Locrians, Thessalians, &c. the : m
in order to punisli the Phocians, who had ploughed a War

field sacred to Apollo at Delphos, and had refused to

discharge the fine which the council of the Amphicty-
ons had sentenced them to pay, as an atonement for

the sacrilegious deed. They were supported by the

Lacedemonians, Athenians, &c. and Philip, well pleas-

ed to leave the CJrecian stiites to exhaust their strength

against each other, had employed himself in the mean-
time in extending his power in Thrace, and in attach-

ing Thessaly to his interests, by delivering its cities

from the oppressive sway of the tyrants of Phera?. Ir-

ritated, however, by the defection of Olynthus from the

Macedonian to the Athenian alliance, he laid siege to

that city ; and, having gained possession of the place

'
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by bribing a party of its inhabitants, be raxed its walls

to the jjrountl, and sold the people for slaves. The
Sacred War, which was still carried on by both parties

with the most sanguinary retaliations, next aflbrded

him a fair opportunity of bringing bis jwwer into full

contact with the Grecian states. Professing to adjust,

as arbitrator, the matter in dispute, promising to the

I'hocians his i)rotection against the fury of their ene-

mies, and soothing the Athenians by the reports ofhis

frienils, that he was secretly intending to humble Thebes
ratht-r than Phocis, he marched an army into Greece

;

gaincil quiet |)ossession of the Phocian cities ; secured

to that jK-ople, as he had promised, their personal safe-

ty ; but procured, or at least sanctioned, a decree of

the Amphictyonic Assembly, anniliilating their poUtical

existence as a nation, and expelling them from the num-
ber of the Grecian states represented in the council.

He was himself elected in their place as a member of

the Assembly ; invested with the double vote which
they had enjoyed ; and usually denominated in their

l\iture operations the Amphictyonic general. The Athe-
nians refusetl to acknowledge his election ; and mani-
fested, in all their measures, an ambition even more UU'.

principled and indefensible than that of the Macedoni-

an monarch. Guided rather by the inflammatory elo-

quence of Demosthenes, than by the pacific counsels of

Phocion, they plunged at length into a destructive con-

test with their powerful rival and neighbour. A se-

cond sacred war again drew Philip into the midst of

Greece. The Locrians of Ampliissa having encroached

upon the consecrated ground of Delphos, and having

refused to obey the decrees of the Ampliictyonic coun-

cil, the Macedonian monarch was invited, as their ge-

neral, to vindicate their authority by force of arms.

Many of the Grecian states were now alarmed, and not

without reason, by the forwardness of Philip to inter-

fere in their politics, and by the reluctance which he
shewed to withdraw his army, after the punishment of

the Amphissians. Demosthenes hastened to Thebes,

where he succeeded in rouzing the utmost enthusiasm

for the liberties of Greece, and persuaded the Thebans
to adopt the immediate resolution of uniting with the

Athenians, to resist the dangerous progress of the Ma-
cedonian influence. In vain did Phocion recommend,
and Philip request, the Athenians to lay aside their

measures for instant hostilities. They excluded tlie

former from the command of their army, and marched
without delay to join their Theban allies against the

enemy. The two armies, consisting of about .§0,000 on
each side, came to a general engagement at Cheronea.

The battle was long doubtful. Alexander, who was
only seventeen years of age, at the head of a chosen

body of noble Macedonians, cut down the Sacred Band
of Thebes ; and the Athenians, for a time successful,

but urging their advantage with imprudent impetuosity,

were overwhelmed by the Macedonian phalanx under
Philip. The vanquished were treated with a degree of
clemency and generosity, of which there had been few
examples in Grecian warfare. Philip hastened to stop

the slaughter of the flying Greeks, and dismissed the
Athenian prisoners without ransom, and voluntarily re-

newed his former treaty with that republic. To the
Thebans he readily granted peace ; but stationed a Ma-
cedonian garrison in their citadel. By this decisive

ictory, he secured the most entire ascendancy in

Greece ; and, on that side, there was little farther left

for his Ambition to desire.

Either, however, with a view to extend his conquests,
VOL. X. I'ART II.

or in order to unite the Greeks more firmly under his Crete*
power, he planned the invasion of the Persian empire, """V"^
and procured himself to be appointed generalissimo in Philip mt-
the ex|>edition. No measure coidd have been u^iiceived diiai« th«

more popular in Cireece. A general council of the ''"'•?'on »t

states was summoned, and the quota dctennined which **"*'* •

each of them was to furnish. Philip exerted himself
with extraordinary activity to complete his formidable
preparations ; and his whole anny, in the most perfect
state of military discipline and equipment, was in rea-
diness to cross the licUesiJont. But, in the midst of his
greatest splendour, while solemnizing, before his depar-
ture, the nuptials of his daughter Cleopatra, surrounded
by his guards and princii>al officers, and receiving, •>" "» rut

among tlie assembled states of Greece, little less than
"""'•y"'"-

divine honours, he was stabbed to the heart by a despe- B^tf'ssg
rate assassin. See Demosthenes, and Philip.
Upon the accession of Alexander to the throne of Accruion

Macedonia, when only twenty years of age, the difl'e- "^ Alejiun-

rent nations whom his father had brought under his ^'^'

dominion made an attempt to regain their inde^jen-
dence ; and Demosthenes exerted all his powers of per-
suasion to engage the Greeks to unite against the
youthful successor of the formidable Philip. But Alex-
ander, having punished the Thracians, lUyrians, and
other barbarians, for their indiscretion, turned, with
the utmost expedition, the whole weight of his arms
upon Greece. The Thebans, who liad massacred the
Macedonian garrison, which Philip had placed in their who de-

citadel, having refused the offer of a free pardon made •"">'»

to them by Alexander, upon condition of their surreii-
''''"''^'»

deriiig the principal leaders of the insurrection, were
defeated with great slaughter, their city given up to be
pillagetl, and the inhabitants sold as slaves. These
dreadful acts of severity filled the Athenians with alarm,
and an embassy was instantly dispatched to implore the
clemency of the Macedonian prince. Alexander at first

insisted that ten of their principal orators should be de-
livered into liis hands ; but was at length satisfied with
the banishment of Charidemus, and expressed the high-
est regard for the republic of Athens. The other states

hastened, in like manner, to make their submission

;

and, in one campaign, the whole nation of the Greeks
acknowledged his supremacy. Having assembled their

deputies at Corinth, and renewed tlie proposal of inva-
ding the Persian empire, he was appointed, as his fa-

ther had been, to the chief command. His rapid con-
quest of Persia, which would form too extensive an and con-
episode in this brief sketch of Grecian history, and quert Per-

which must therefore be passed over without detail, »'»•

produced one of the most extraordinary and important
revolutions in the political aspect of the world. No
national contest recorded in history was ever more in-

teresting in its progress, or involved consequences of
greater magnitude, than the struggle whicli had so long

been maintained between Persia and Greece. Its ob-

ject was to decide the great question, whether Europe
or Asia shonld have the ascendancy ; and at length,

imder the auspices of the Macedonian prince, the for-

mer gained a superiority, which it has preserved to the

present day. During tlie progress of Alexander's con-

quests, various attempts were made by the Grecian

states to shake ofl' the yoke of Macedonia. The Spar*

tans especially, under the direction of their king Agis,

excited a powerful insurrection in Peloponnesus ; but innurec-

Antipater, who liad been left to govern in Macedonia, tians is

marching a powerful army into the peninsula, c-om-Gte«t«-

uletely broke their spirit by a decisive defeat of their.

3 o
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death of

Alexander.

B. C. 323.

Greece, forces, and the death of Agie, who fell in the pursuit.

""Y*^ Harpalus, one of the officers of Alexander, who had in-

curred the displeasure of that prince by his extortions,

when governor of Babylon, took refuge in Athens
;

and, by means of his treasures, succeeded in attaching

them to his cause ; but, upon the report of a powerful

army being dispatchetl by Alexander to punish their

treachery, they expelled Harpalus from their city, and

banished Demosthenes, who had been convicted of ac-

cepting his bribes. A new commotion also had been

General re- excited throughout all the states of Greece, by a pro-
" " "'"""

clamation of Alexander to restore the exiles to their

respective countries and possessions ; and, upon tlie

event of his death being known, the revolt which had

already cojnmenced instantly became general. Demos-

thenes was recalled, and a powerful army of confede-

rated Greeks, under the Athenian commander Leos-

thenes, marched against Antipater. Elated by the suc-

cess which attended their first operations, they despised,

as usual, the prudent warnings of Phocion, and began

to calculate upon the return of their ancient greatness.

But Antipater having been joined by Craterus with a

part of the victorious army of Alexander, speedily re-

duced the insurgent states in succession ; and, advan-

cing towards Attica, as the great object of his ven-

geance, though in some measure softened by the inter-

cession of the virtuous Phocion, he abolished the de-

mocracy of the Athenians, and established the aristo-

cratical government, as it had existed in the days of

Solon ; obliged them to pay the expences of the war ;

and placed a Macedonian garrison in the port of

Munychia. Similar changes were made in most of

the other states ; and, though the people loudly com-

plained, in the first instance, of these infringements

upon their liberties, they began at length to feel, that

their freedom was in reality greater than it had hitherto

been, and acknowledged their obligations to Antipater,

by entitling him the Father and Protector of Greece.

After the death of Antipater, the Grecian states largely

shared in the revolutions and dissensions which agita-

ted, for so many years, the empire of Alexander. Po-

lysperchon, who had been associated with Cassander,

the son of Antipater, in the regency of Macedonia,

being engaged in a contest with his ambitious colleague,

sought to attach the Greeks to his interests, by displa-

cing the governors whom Antipater had placed over

them, and by restoring the power of democracy. Se-

veral of the cities, particularly Megolopolis, resisted his

decree, and drew upon their heads a bloody revenge.

Athens, on the contrary, gladly hailed its recovered .li-

berty ; and proceeded, in its moments of renewed tur-

bulence, to put to death the friends of Antipater.

Athenians Among these perished the greatest ornament of their
put Phocion

gjjy^ ^}jg incorruptible Phocion, who had served in the
to deaUi,

armies and councils of his country till he was above
eighty years of age ; and whose distinguished merit his

fellow citizens soon after acknowledged, with their ac-

customed inconsistency, by erecting a statue to his me-
mory, and inflicting punishment upon his accusers.

But Cassander, by the aid of Antigonus, having reco-

covered his influence in Greece, restored the aristocra-

cy, replaced the Macedonian garrison, and appointed
Demetrius Phalerius governor of the city, who con-
ducted himself in his office with so much wisdom and
moderation for ten years, that more than tJiree hundred
statues are said to have been erected in testimony of
his benefits. The power of Cassander prevailed also in

Peloponnesus ; and, excepting a very few cities, Greece

Antipater

settles the

aitairs of

Greece.

New chan-

ges by Fo-

Ijtperchon.

Prosperity

of Athens
under De-

metrius

Phalenus,

B. C. 317.

was again entirely subjected to the Macedonian domi-
nion. See Alexandeii.

During the revolutions which agitated Macedonia,
after the death of Cassander, it was invaded and over-

Grec(

Invasioi
I

Greece!

run by an immense body of Gauls, who pursued their ^'^,?''5

course like a torrent, and poured upon the enfeebled

states of Greece with the utmost fury. They were sue-
i

cessfully resisted in the defiles of Thermopylae, by the
Grecian army under Calippus the Athenian ; but, for-

cing their way by the path over mount Oeta, by which i

the Persians had penetrated under Xerxes, they direct- ; I

ed their march to Delphos, with the design of plunder-
ing the temple of its accumulated treasures. But,
meeting with a brave resistance from those who were L

assembled to protect the sacred spot, and, being thrown
f

into confusion by a violent storm and earthquake, they
fled in the utmost terror, and turned their arms upon
one another, in the darkness of the night. They were
keenly assailed by the Greeks in their flight, and the
greater part of them cut to pieces. Scarcely recover-
ing from the inroad of those barbarians, the states of
Peloponnesus were involved in new calamities, by the
ambitious arms of Pyrrhus king of Epire, who had re-

duced the greater part of Macedonia, and having been Appen
invited by Cleonymus, an exiled Spartan prince, to re- of Pyn
dress his grievances, led a powerful army to the gates '° '''••

of Sparta, while their king and the best of their troops
were absent in Crete. But the inhabitants of the city,

even the women, assisting in its defence, made so heroic
a resistance, that time was allowed for the arrival of
reinforcements ; and Pyrrhus, being compeUed to re-

treat, was slain in an attempt to enter the city of Ar-
gos. Antigonus, the son of Demetrius Poliorcetes, being
again replaced on the throne of Macedonia, began to me-
ditate the complete subjugation of Greece, and com-
menced his operations with the siege of Athens, which
he speedily reduced, and garrisoned with Macedonian
troops. Pursuing his schemes o£ conquest, he gained
possession of Corinth by artifice, but was arrested in

his ambitious career by the hand of death. His son De- I

metrius maintained a commanding influence in the dif- i

ferent states of Greece, not by attempting to hold the |

sovereignty himself, but by supporting those who found
means to usurp the supreme authority. His successor

Antigonus Doson, a prince distinguished by his justice

and moderation, avoided all interference in the affairs

of foreign states ; and the cities of Greece, imitating the

example of the Achaean league, made one last attempt

to recover their long lost independence.

During the distracted times of Macedonia, under Ly- Achs'

simachus and Ptolemy Ceraunus, the cities of Achaia league-

gradually recovered their liberties, and renewetl their ^'*"'

ancient confederacy : (See Achjeans.) Aratus of Si-
"'

cyon, having freed his native city from the government

of Nicocles, joined the Achaean league, and was chosen

praetor of the associated states. Intent upon delivering

Peloponnesus from foreign dominion, and hoping to

render the Achaan confederation a barrier against fu-

ture invasion, he surprised the Macedonian garrison in

Corinth, and attached the liberated city to the Achaeans.

He persuaded the governor of Megalopolis to abdicate

his power,-and follow the example of the Corinthians.

Protected by the king of Egypt against the Macedoni-

ans, the Achaean confederacy was thus extending on all

sides, and might soon have united all the peninsula as li

one nation, under one government, when its progress "''

wasTinterrupted by the hostility of Sparta. The ancient "^^
"'

"

institutions of that distinguished city had fallen into
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ncy

total disuse, and the manners of its inhabitants had be-

come entirely chanffed. Many of its kings had incur-

red deposition, exile, and death, by their attempts to re-

sist the torrent of corruption ; and Agis particularly,

n young and virtuous prince, had fallen n sacrifice to

his well-intendetl, but iJl-cxecutcd scheme for restoring

the laws of Lycurgus. Cleomenes, one of his succes-

sors, revived the prosecution of the plan, but pushed

its accomplishment with the spiritof a tyrant, rather

than of a reformer. Having massacred the Ephori, and
banished the citizens who were unfriendly to his views,

and rendered himself despotic at home ; he turnetl his

arms against the Achseans, either for the purpose of

gratifying his ambition, by acquiring the direction of

the confederacy, or, perhaps, only with a view of secu-

ring his usurped authority in Sparta, by having an

army at his disposal. So strong was the antipathy of

the Achifan republics to the prospect of Spartan domi-
nation, and so great at the same time their dread of its

powerful tyrant, that Aratus was urged to the ruinous

resource of calling in the aid of Antigonus'Doson, king

of Macetlonia. * Cleomenes defeated by Antigonus in

the famous battle of Selasia, abandoned his ambitious

projects, advised his subjects to submit to the conque-

ror, and sought a refuge for himself in Egypt. The
Spartans were treated by Antigonus with the greatest

moderation ; but, from that period of its subjection to

a foreign power, it sunk into insignificance, and the

race of the Heraclidse became extinct with the suc-

cessor of Cleomenes. The Achwan league was still pre-

served entire and powerful, by the able conduct and
prudent measures of Aratus ; but having sought assist-

ance from Philip of Macedonia, the son of Antigonus,

against the Etolians, the inveterate enemies of Achaia,

that ambitious ally, conceiving a design to subjugate

the cities of Greece, and regarding the integrity of

Aratus as an insuitnountable obstacle in his way,
caused the virtuous patriot to be secretly taken off by
poison. The Romans, however, having formed an al-

liance with the Etolians, in order to occupy the arms

of Philip, who had become the active ally of their for-

midable opponent Hannibal of Carthage, thus acquired

a footing in Greece, which gradually led to its final

subjugation, as a part of their empire. Philopcemen,

the successor of Aratus, supjwrted the cause of Philip

as the professed protector of the liberties of Greece, and
inspired the confederated states with an ardent love of

independence, which long withstood the encroachments

of the policy and power of Rome. The struggle main-

tained in Greece between the Macedonian and Roman
interests, was languid and indecisive, while the latter

were intent upon reducing the power of Carthage. But,

after the conclusion of the second Punic war, more ac-

tive measures were pursued against Philip. Titus

Quintus Flaminius, the consul, partly by the vigour

of his arms, but still more by his political dexterity, de-

tached the Etolians, Achaans, and the most consider-

able of llie other states, from all connection with Mace-
don ; compelled the discomfited Philip to accept the

most humiliating terms ofpeace ; made a pompous pr»>-

clamation, at the public games, of the freedom of
Greece ; witlidrew, according to his promise, every Ro-
man garrison from the different states ; and left them in

full possession of all that political independence wliich

was compatible with the alliance of Rome. Antiochua, Grttt*.

king of .Syria, instigated by Hannibal, and aided by the '^"Y"'^
Etolians attempting an invasion of Cirecce, recalled to

that <levoted country the armies of Rome, and afforded
them an opportunity which they did not fail to em-
brace, of subjecting all tliat part of Europe to their

growing dominion. After reducing and dismembering
the kingdom of Macedonia, they were invited to

assist the Spartans in a contest with the Achtean states :

they soon succeeded in breaking the power of the con-
federacy, by seducing a part of the cities of which it

was composed ; and Philopoemen, generally designated Death of
the last of the Greeks, having fallen in an expedition Philnjxe-

against the revolted Messenians, it became no difficult '««"•

task to accomplish the total overthrow of the confede-
racy, of which he had been so long the princi|>al onia*
ment and support. Above a thousand of the Achaean
chiefs, accused of having acted in concert with Macedo-
nia, were transported to Rome to answer for their con-
duct, at the tribunal of the senate. The Acha;an con-
stitution was, soon after, entirely dissolved ; the whole
of Greece reduced to the state of a Roman province, and tubjce-

under the name of Achaia ; and, from that period, its ''<"> of

history comes properly to be included under that of Rome. Greece to

See AcH-EANs, Macedonia, and Rome. r r%tR
But Greece, though subject to the Roman arms, soon

acquired, by her arts of peace, a silent superiority over
her conquerors. The victors became the disciples of
the vanquished ; and the most distinguished Romans
learned, in the Grecian schools of philosophy, to regard
the country which they held in subjection, with the
gratitude and respect due to a benefactor. These con-
siderations probably contributed to secure to the inha-

bitants of Greece a milder exercise of authority, and
more distinguished marks of favour, than were enjoyetl

by any other province under the yoke of Rome. Of
these arts and attainments, to which this singular peo-

ple were thus indebted for higher honours and advan-
tages than all their military prowess had been able to

command, we now preceed to offer an abridged view, as

a suitable conclusion to the preceding sketch of their

eventful history.

Of the state of society and knowledge among the ear- The art*,

lier Greeks, particularly in what has been called the literaiore,

heroic age, as described in the writings of Homer, some *•;'' science,

account has already been given, when narrating the "* ?

events of that period : and the remarks which follow

apply chiefly to those times which were posterior to the
first Persian war.

To agriculture, as an object of study, the Greeks a„;cj,i,
paid little attention ; and the care of its operations was ture.

almost entirly lefl to slaves. The Athenians consider-

ed tliemselves as having first received the common
principles of the art from Egypt, and as having com-
municated the knowledge of it to the other countries of
Greece. Attica itself, however, was adapted rather to

the cultivation of fruits than of grain. Olives and bar-

ley formed its principal produce, and the citizens of
Athens received their great supplies of wheat from the
neighbouring states of Bceotia, or from their own co-

lony of Byzantium. Their writers on the subject,

among whom was Xenophon, have done little more
than merely detail the common practices of their own
times.

\

• The cities of Greece being so much decayed in strength, and unable to assume the altitude of independence, Aratus may be re-

garded as having adopted, if not the wisest, at Ica-st the only measure of security in his power. His object was to render the kings
of Macedonia the allies and protectors, in place of the masters and tyrants of the united commonwealths; and, by yielding lo
far to an influence which cdiiid not be withstood, to procure a free regulation of their internal concerns, and particularly an exemp-
tion from the odious and oppressive presence of foreign garriguns, > ,
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Greece. The inhabitants of Greece, though possessing a raari-

^""V"' time country, surrounded with islands, and provided

Navigation, with excellent harbours, were extremely slow in avail-

ing themselves of these advantages ; and made little

progress in navigation and commerce, till after the ex-

pedition of Xerxes into Peloponnesus. After the ex-

ample of Athens, especially in the course of the Pelo-

ponnesian war, the other states at length directed their

attention to the maintenance of a navy ; but chiefly for

the purposes of warfare. The voyage of Alexander's

fleet from Patala to Susa, after sailing down the Indus,

was the first instance of Greeks navigating the ocean

;

and, previous to that expedition, they were entirely con-

fined to the waters of the Mediterranean.

Commerce. Excepting Corinth and Athens, it was principally in

the smaller states, such as Megara, Sicyon, Cos, and
Cnidus, (which possessed not sufficient political influ-

ence to interfere in the general affairs of Greece,) that

the arts of commerce were most sedulously prosecuted.

Athens, however,was the great seat ofcommercial views,

where every circumstance favoured the acquisition, and
encouraged the expenditure of wealth. Its port, Pi-

raeus, was then the centre of the traffic of those times,

and there every commodity was to be found in abun-
dance.

Fine arts. The fine arts appear to have attracted earlier atten-

tion in Greece, than the more useful occupations ; and
some of the ancient medals, long prior in date to the

oldest historians, exhibit a chasteness and grandeur of
design, both in architecture and sculpture, for which
it is difficult to account.

The customs and circumstances of the Grecian states

tended directly to encourage the progress of these arts.

Three public buildings were indispensible in every

city ; a temple, a theatre, and a gymnasium, to which
were afterwards added the baths, and portico or place

of shelter for walking and conversing. In larger towns
these edifices were soon multiplied, especially those for

the service of religion ; and every city almost forming
a distinct community or nation, each required to pos-

sess these different buildings within its own walls, and
Archjtec- Strove to surpass its neighbours in the solidity and
ture. beauty of its public structure?. The exertions of the

Greek artists in this at once useful and ornamental
study, are not therefore very wonderful ; but, when it

is considered, that its first architects derived their skill

from those of Egypt and Persia, and that the Doric
order, the foundation of all the rest, and the source of
pure taste to all the architecture of Greece, was actually

the most ancient, it is not easy to conceive by what ac-

cidental or intended principle of the art, a beautiful

simplicity, so opposite to the enormous masses of the
Egyptians, and cumbrous ornaments of the Asiatics,

should have been so happily introduced ; unless we as-

cribe it to the mere circumstance of necessity (the ori-

^n of so many human improvements) which "obliged

the early architects of that country to work with wood-
en materials: (See Civil Architecture, vol. vi. p.
529. ) But in whatever way we may account for the
rise of Grecian architecture, its principles have recei-
ved the approbation of every enlightened people in
modern times ; and its three orders, the Doric, Ionic,
and Corinthian, still continue to form the invariable
standard of good taste in the art. *

Sculpture. The same causes which rendered the skill of the
architect so much in request, equally tended to encou-
rage the labours of the painter and sculptor ; and it is

a remarkable circumstance, that, in the most turbulent erw
periods of Grecian history, the fine arts received the """v
most distinguished patronage, and made the most rapid

progress. At Athens, particularly, the genius of Greece
was nourished by Pisistratus, and brought to perfec-

tion by Pericles. The most eminent sculptors of those

times were Phidias, Alcamenes, and Myron, of Athens
;

Polycletes and Lysippus, of Sicyon ; Praxiteles and
Scopas of Paros ; and many of the ancient statues

which have escaped the ravages of time, furnish ample
testimony of the progress which liad been made in the

art. .See Drawing and Sculfture.
Of the state of painting among the Greeks, many ex- Painti»|

aggerated and incredible accounts have been given by
ancient authors. They used only four colours, black,

white, red, and yellow ; and knew nothing of painting

in oil. They are considered also as having been very

imperfectly acquainted with the effects of light and
shade ; and many pieces of ancient Mosaic, still pre-

served, are not much admired as performances in paint«

ing. Both in painting and statuary, the Greek artists

produced representations of the human form, which
could scarcely be called natural. By taking collective

views of the species, and studying accurately the phy-
sical constitution of the body of man, they combined
its various and scattered excellencies in one figure, and
thus exhibited, what nature never does, a model of ab-

stract and ideal perfection. Among the celebrated

painters may be mentioned Polygnotus, who received

the thanks of the Amphictyonic assembly for his paint-

ing of the Trojan war, placed in one of the porticos of

Athens ; Apollodorus, who is supposed to have invent-

ed the art of p.ainting in clear-obscure; Zeuxis, who
displayed himself at the Olympic games, dressed in

purple and gold, and, having become wealthy, gave his

works as presents, because he said they were above all

price; Parrhasius, who insolently presented himself to

public view with a crown of gold upon his head

;

Pamphilus,the first who applied the principles of science

to his art ; Timanthes, who produced the celebrated

painting of the sacrifice of Iphigenia ; Apelles, who
exposed his works to public view, that he might derive

improvement fi'om the remarks of passengers ; and
Protogenes, the rival of Apelles, who censured the ex-

treme minuteness of his contemporary, by saying, that
" he knew not when to lay down his pencil."

Few things are more remarkable in the manners of
jj,,;

the ancient Greeks, than the great importance which
they attached to the musical art, which, in many of the

states, was even regulated and recommended by the

laws. It was considered as one of the most powerful

means of influencing the sentiments of the people, and
formed an essential part in the education of the youth.

The ancient musicians are supposed to have been wholly

ignorant of the art of performing pieces of music in

difl^erent parts at the same time ; and their composi-

tions, especially the pathetic and warlike, are generally

understood to have derived much of their effect from

the poetry and sentiments with which they were com-

bined.

The honours and rewards lavished upon those who
excelled in the fine arts, were doubtless one principal

cause of the improvement which they reached ; but

often were they carried to a hurtful excess, exhausting

the wealth which was wanted for the support of the

state, and engrossing the rewards which were due t»

more essential services.

See an examijjatiou into the grounds of this preference in the Rev. Mr Alieon's £stay on TasU, vol. ii- p. 148.

4
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But the great occupation of the Greeks as a people,

were war and politics. Leaving the ordinary labours

of agriculture and the mechanical trades to the slaves,

the citizens of the different states considered it as their

peculiar privilege to share in the government of their

country, and to fight in defence of its rights, or for the

advancement of its power. Kverj- citizen, therefore,

being boimd to serve in arms, was enrolled as a soldier

at a certain age ; and one of their regular employments
was the exercise of the gymnasium, as a preparative

for tile toils of war. The armies were composed prin-

cipally of heavy-armed infantry, attended by a number
of slaves to carry the baggage, and serve in the camj)s,

and sometimes to act as light armed troops. The arms
of the infantry were a helmet, corselet, large brazen

shield, leatiiern greaves or boots, long pike, and short

sword. They were long accustomed to advance, in a

compact body, to close figiit ; but Iphicrates, an Athe-

nian general, introduced tlie employment of a greater

proportion of light infantry, diminishing the weight
and size of the buckler, exchanging the metal corselet

for one of canvas, lengthening considerably the lance

and sword, and accustoming the troops thus accoutred

to the most active evolutions. That celebrated com-
mander, describing an army as a human body, com-
pared the general to the head, the heavy-armed infan-

try to the breast, the cavalry to the feet, and the light

troops to the hands. Chariots were little used after tlie

heroic age ; and, for want of horses, cavalry were never
numerous, generally consisting of the weidthier citizens,

or of soldiers fitted out at their expence. Till the time
of Philip ofMacedon, the Greeks were little acquainted
with the art of conducting sieges, but commonly limited

tlieir operations to a general assault, or inactive block-

ade. In long or distant wars, especially in the later

ages of Greece, the citizens received pay, while serving

in the field ; but the constant object of every Grecian
state was to support their troops at the expence of the

enemy. Even in the most civilized periods, Grecian
warfare was conducted with a spirit of rapine and bar-

barity, which seemed to increase, instead of diminish-
ing, as knowledge and refinement spread among the

people. Retaliation was considered as justifying the
most atrocious measures, of which, in the course of the
Peloponnesian war particularly, many instances occur-
red, in the proceedings of all parties. The Lacedemo-
nians regularly massacred the crews of the Athenian
mercliant vessels, and even of neutrals, whenever they
came in their way ; and thp Athenians deliberately de-
creed the extermination of the jEginetans ;md Scyon-
ians, whom they put to death without distinction.

The Greeks distinguished six simple forms of go-
vernment, namely, monarchy, hereditary or legally

established oligarchy, aristocracy, democracy, tyranny,
and assumed oligarchy, of which the two last were con-
sideretl as illegal and inadmissible. The title of King
never implied among them the possession of absolute
power, but only a legal and regulated superiority, par-
ticularly in directing the observances of religion, and
the operations of war, and sometimes also in dispensing
justice, but rarely in enacting laws. After tlie general
abolition of monarchy in Greece, whenever a citizen of
a commonwealth was raised by any means to monarch-
ical authority, he was denominated Tyrant, not origi-
nally as a term of reproach, though in future times it

came too justly to be applied in that sense. In Athens
especially, as early as the days of Theseus, the nobly-
born formed a distinct class' of the community, and
Avere invested with great privileges; but hereditary

nobility declined everv whcrf alorjj "vritll Wonarcliy, Gre«ee.

and wealth became tlie principal cause of distinction ^""V™^
among the citizens. Those who were able to serve in

war on liorseback at their own expence, began to be
regarded as a superior rank ; and to the same circum-
stance may be traced the order of knighthoml in most
countries. Aristocracy, however, was less a regularly

instituted form of government, than an assumed title

adopted by the rich and the noble in those states where
they held the chief power ; but, as their administratiori

was generally oppressive, oligarchy, or the government
of a few, became a more frequent, though less honour-
able form of polity ; and the term aristocracy was at

length employed ratlier to signify those persons who,
on account of distinguished merit, were elected by the

people to undertake tlie management of public affiiirs.

This last was commonly the mode adopted in the most
democratical states ; and pure democracy, in which all

the freemen of the republic, in assembly, formed the

supreme and absolute administration, was very rarely

exemplified, and was usually denominated ochlogracy

or mob-rule. Most of the Grecian governments con-

tained a union of two or more of these forms ; and,

from these various mixtures, new distinctions and desig-

nations arose, which it would be tedious and unprofit-

able to trace. Of political economy the Greeks seem
to have been extremely ignorant ; and very little is

known respecting their mode of managing the public

finances. On the subject of population, it does not

very clearly appear what was their regular system.

They certainly employed many regulations for keep-

ing up at least, if not for increasing, the number of their

citizens ; yet they shewed a decided aversion to any
augmentation of their strength by the admission of fo-

reigners to the privileges, or even to the protection of

their state. They studied to preserve their townships

completely insulated and distinct from all others ; and
prohibited intermarriage with the members of a diffe-

rent community, with all the jealousy of feudal clan-

ship.

Amidst all the turbulence of the Grecian states, and Literature

the almost perpetual hostilities in which they were en- and science,

gaged, there were many circumstances favourable to the

cultivation of literature and science. Few individuals

possessed large properties, but many of them lived in

great leisure, following no occupation themselves, and
principally maintained by the labour of slaves. Assem-
bled generally in towns, and having free intercourse

with one another, polite manners were formed, and va-

rious opportunities were presented for the display of

taste and genius. A lively imagination, and love of

novelty, were general characteristics of the Greeks, and
disposed them to welcome every ray of knowledge which

beamed upon their limited society. Many, possessed

of active and intelligent minds, yet less daring in their

dispositions, or more scrupulous in their integrity,

shunning the stormy paths of political ambition, sought

employment and distinction by attainments in litera-

ture or science. Even those who aimed at the offices

of statesmen, found a degree of general knowledge,

especially in the pursuits of taste, and the arts of elo-

quence, highly advantageous to enable them to com-

mand attention in the public assemblies, and to assist

them in swaying the minds of their fellow citizens. As
knowledge increased among the members of a commu-
nity, these qualifications became not merely useful,

but essential to every political leader ; and many, who
were unable, or unwilling, to mingle in the struggle for

public situations, found a less splendid, but oiUn more
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gainftil occupation, in communicating to others those

literary acquisitions which had become so subservient

to the success of public men. At length every city in

Greece, but especially Athens, abounded with those

persons, who, under the name of Sophists, undertook

to ieach every branch of science ; and, at a time when
books were few and expensive, the oral communication
of knowledge was obviously a matter of the utmost im-
portance. * These professors of wisdom studied the ac-

complishments of eloquence, to render their instructions

more attractive ; and frequenting all the places of public

resort, strove to recommend themselves to notice by an
ostentatious display of their abilities, especially by pub-
lic disputations with one another, or with any who
chose to converse with them amidst a circle of hearers.

Grecian philosophy is generally admitted to have ori-

ginated with Thales of Miletus, the contemporary of

Solon, and the founder of the Ionian school. Soon
after him arose Pythagoras, a native of Samos, who was
compelled, by political troubles, to take refuge in Italy,

and thus became the leader of what has been called the

Italian school. Both these sages are understood to have
acquired their learning in Egypt and Persia ; but so

much was it the practice of the Greeks to claim as their

own, what they had merely purloined from the lite-

rary treasures of other nations, that it is impossible to

ascertain what portion of their science was indigenous,

and what of foreign growth. Both Thales and Pytha-
goras inculcated many valuable moral precepts, but
they were not teachers of ethics as a system ; and their

countrymen of the Asiatic Greeks were more delighted
with those metaphysical enquiries, respecting the na-
ture ofmatter and spirit, the formation of the world, and
laws of the heavenly bodies, which gratified their imagi-
nation, without proposing any restraint to their passions.

It was during the administration of Periander at Co-
rinth, and Pisistratus in Athens, that the love of these

sciences was first kindled in Greece ; but the growth
of every liberal art was entirely checked by the violent

political contests and revolutions which ensued, and
particularly by the general alarm of the Persian inva-

sion, which left no leisure for speculative pursuits. But
when the commanding talents of Pericles had quieted
the tumults of faction in Attica, the pursuits of science
revived at Athens with new vigour ; and, together with
the fine arts, continued to receive improvement during
all the turbulence which attended the progress and ef-

fects of the Peloponnesian war. During this period it

was, that Anaxagoras of Clazomene introduced the best
principles of the Ionian school, that Socrates dispensed
his more practical instructions, that Plato wrote and
taught his more refined speculations, that Lysias and
Isocrates pleaded in the forum, and that Aristotle and
Demosthenes studied in the schools of Athens. Anax-

I'heology. agoras first taught in Athens the existence of one eter-

nal and supreme Being, or, as he is said to have ex-
pressed himself, " a perfect mind, independent of body,"

as the cause or creator of all things ; and, by enabling
his pupils to calculate eclipses of the sun and moon,
proved these hitherto reputed divinities to be mere ma-

'

terial substances. But his doctrine was so directly re-

pugnant to the whole religious notions of the Grecian
people, that he was .accused of impiety, and obliged to

withdraw from the Athenian territories. Socrates, early

impressed by the sublime principles of theology taught

by the exiled philosopher, yet, perceiving the inutility,

or at least the unpopularity of such discussions respect-

ing the nature of the Deity, applied himself rather to
investigate the duty which man ought to render to such
a Being, as Anaxagoras had described the great Crea-
tor. He seems to have settled it as a first principle,

that, if the providence of God interfered in the go-
vernment of the world, the duty of man to man must
form a distinguished branch of the divine will. He
therefore applied himself to examine and inculcate the
social duties ; and, possessing a most discnminating
and ready eloquence, he rendered his conversation

(the only mode of teaching which he employed) at
once amusing and instructive. He was always to be
found wherever there was the greatest resort ofcompa-
ny, and was ready either to receive or. to communicate
information ; but he would neither undertake the of-

fice of private instruction, nor accept a reward for his

public labours. While he maintained the perfect wis-

dom and perfect goodness of the Supreme Being, and
the constant superintendence of his providence over the
affairs of men ; he continued to observe and to recom-
mend the various acts of religious worship, which were
practised in his native countr)'. But all his caution

and worth were unable to secure his protection against

the jealous tyranny of Athenian democracy ; and, ei-

ther from an impression that he disapproved of their

popular constitution, or from a dislike of his purer sys-

tem of morals, he was rendered so obnoxious to his fel-

low citizens, that a decree was easily procured for his

death. After tlie time of Socrates, the Greek philoso-

phers were divided into two opposite sects, the Theists

and Atheists. The latter, among whom were Leucip-
pus, Democritus, Epicurus, &c. supported the opinion

of Anaximander, that, without the aid of a supreme
intelligence, all things were produced by a necessary

action of matter, assmning all kinds offorms ; and the

former, among whom were Plato, Aristotle, Zeno, &c.
adhered to the doctrine of Anaxagoras, respecting the

existence of a Deity, while they held different notions

as to his nature and attributes. Even those, however,

who possessed tlie more correct ideas of the Supreme
Being, almost without exception conceived the world

to be governed by a number of inferior divinities, to

whom different departments of the universe had been
committed ; and, as they readily conformed to the ex-

istuig religious usages of their respective countries,

their philosophical system and private example, rather

countenanced than counteracted tlie popular poly-

* If au attempt were made to estimate the literary and scientiGc attainments of the ancient Greeks, the following would probably
be found to be a few of the principal results ; namely, that, in literature, it was rather in the entertaining than in the instructive

branches that they made any extraordinary progress, and, even In history, produced merely exquisite narratives of events, without
any exposition of their causes or relations ;—that, in moral science, they excelled in acute disputations upon practical questions, and
elegant manuals of useful precepts, but never ascended to any enquiry deserving the name of philosophy ;— that, in political science,
they described the most striking phenomena of government in the different states of their own country, or of the neighbouring na-
tions, but made no researches into the principles, the ends, the safeguards of national constitutions;—that, in physical science,

thcii- progress was astonishing in the single branch of geometry, while they never thought of invebtigating the propertins of physical
bouies, or the order of (ihysical events ;—that, in the pkilosophi/ of mind, the logic of Aristotle contains an ingenious but unsuccessful
analysis of the process of general reasoning, while his metaphysics explains only the various uses which were made of general terms,
and vainly attempts to penetrate the essences and causes of things, but nothing is done to arrange the phenomena of thought, or to

ascertain the order of their succession ; that " not one, in short, of the ancient philosophers had any conception of the real nature of
general terms, or of the operation of mind which is called abstraction ; und that it wa» chietiy by this radical defect, that they were
perpetually perplexed, and led into all Iheir trifling and absurdity."
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theism of antiquity. The origin and progress of the

Grecian mythology, it is now impossible to trace with

any probable degree of certainty. Whetiier it arose

from the Chaldean hypothesis of the planets and ele-

ments being inferior {livinities, and established media-

tors between man and the one supreme God ; or from

the allegorical mode employed by the Egyptians ofde-

scribing the attributes of the Deity ; or from a poetical

personification of the operations of nature ; or from a

fabulous embellishment of real events, in the first pe-

riods of Grecian history ; or from mutilated traditions

of the lives of the Hebrew patriarchs ; or rather, which
seems the most likely, from a mixture of all these, and
perhaps other unknown sources;—one thing seems evi-

dent, that if it ever possessed the symmetry of a philo-

sophical system, its unity was destroyed before it was
described by any writer of antiquity whose works are

now extant.

The theogony of Hesiod may be considered as the

earliest and most entire account of the religious tenets

of the Greeks ; but it is affirmed by Herodotus, that,

along with the divinities of the first inhabitants of

Greece, the poet has mingled the gods of Libya and
Egypt. Tlie system, in short, admitted in some degree

by the philosophers, assumed and altered by legislators,

as best suited their purposes, embellished and expand-

ed by the.poets, as their imaginations pleased, became
at length an inextricable mass of mysterious absurdities,

and ideal beings, of which we cannot attempt to fur-

nish any consistent account. Neither can we afford

space for enumerating the leading sects, and distin-

guishing tenets, and scientific attainments of the diffe-

rent philosophers of Greece ; but the most important

and authentic information on these topics will be found

under the articles devoted to their respective names.

(See particularly AcAOEiiics, Atomical Philosophy,
Perii'atetics, Stoics, Anaxacoras, Aristotle, Epi-

curus, Plato, Pvthaoouas, Socrates, Zeno.) It

may be observed, in general, that the great defect of

their physical science was, the want of experiment

;

and thus, having no fixed principles upon which to

proceed, they had recourse to mere hypothesis and
conjecture, amusing themselves with framing fanciful

systems, while they should have been employed in ac-

tual observations. Hence a taste for sophistry and sub-

tilty prevailed in every school of Grecian philosophy

;

and it became the boast of their teachers of wisdom to

bQ able to support either side of a question, and
to give plausibility to the most paradoxical opinions.

This pernicious practice was soon transferred from the

more abstruse speculations, to the more practical, po-

litical, and moral obligations. Its prevalence natu-

rally gave rise to the sect of the P)nThonists or Scep-

tics, whose distinguishing principle was universal doubt,

which they carried to such a degree of extravagance, as

to pronounce every external object a mere illusion, and
the life of man a perpetual dream. Neither the specu-

lations of the philosophers, nor the fictions of the poets,

were much calculated to favour the obligations of mo-
ral duty ; and, even where their tendency was most un-
exceptionable, their influence was feeble.

At no period of Grecian history does there appear
any thing deserving the name of evidence to prove the
existence of that virtuous age, which more modern de-
clairaers have delighted to describe rather in the spirit

of poetical romance, than of historic accuracy. In the
earlier ages, violence and rapine, except in as far as

they were occasionally restrained by the solemn obli-

gation of oaths, form the prevailing feature of the peo-

r.rcck
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pie and their leaden. In the more enlightened pe- (ire»?r

riods, in the times even of Plato and Iiin uisciplei, the
clearest principles, we do not say of moral purity, but
even of moral integrity, were not l>ettcr understood,
and still less better observed, than in the ilays of Homer.
Philosophy relaxed the hold of superstition upon the
conscience, without substituting any efficacious restraint

in its place ; and " it is evident," to use the words of
Mitford, " from the writings of Xenophon and Plato,

that, in their age, the boundaries of right and wrong,
justice and injustice, honesty and dishonesty, were lit-

tle determined by any generally received principle."

The philosophy of Epicurus had completely gained the
ascendency in the age preceding the Christian era;
and the greatest characters, and most lcame<l scholars,

wavered between the tenets of the theistical and atheis-

tical systems. Corruption of manners, and the subtil-

ties of scepticism, had reached a height of extravagance,
which it seemed scarcely possible to exceed. Human
reason had lost itself in the labyrinths of philosophical

speculation ; and human viitue had been abandoned to

the wayward direction of the fancy or the passions.

The history of the world had demonstrated (and it is

the best lesson, which a review of its most interesting

portions can teach) the necessity of some surer and
more authoritative guide to man than what the wisdom
of the world had been able to afford him, either as a
member of society, or a being formed for immortality.

See Ancient Universal History ; Millot's Elements of
General History, vol. i. ; Goldsmith's History ofGreece

;

Rutherford's View of Ancient History ; Gillies's His-
tory of Greece ; Gillies's History of the IV'/rld ; Potter's

Atiiiqnities of Greece ; An&c\\3X»\s's Travels in Greece;
Leland's History of Philip of Macedoin ; Pau.sanias'

Description of Greece ; Religion of the Ancient Greeks
illustrated, by M. Le Clerc ; Newton's Chronology ; Bos-
suet's Universal Hiitory ; and particularly Mitford's

History of Greece, a historical work, unequalled in mo-
dem times for extensive research, judicious conclusions,

and well-arranged narrative, (q)
GREECE, Modern. See Turkey.
GREEK Music, Ancient. It appears from the wri-

tings of Aristoxenus, the earliest writer on the music
of the Greeks whose works are extant, that before his

time, their scale of music had been extended to two oc-

taves, by the raising of a major tone, and then three

succeeding minor fourths, upon the lowest of the notes

of this double octave, and by the descending of two
such succeeding minor fourths, from the upper note of

this double octave : each of these fourths, or diatessara,

being exactly of the same magnitude, and alike con-

stituted, as to the situations of its two interior notes,

throughout each of their several genera, and the co-

lours or species of each.

Thefourth being thus made the unvarying boundary
ofevery one of the numerousGreek systems,as the octave

is now with us, and as the major sixt/i was with Guido,

in the formation of his scale : In the genus Diatonicum
(which see) each fourth was made up of a semitone and

two tones; in the genus Chromaticum, of two semitones

and a minor third; and in the genus Enharmonicum
(see Genera) of two quarter tones or diesis, and a ma-
jor third ; each of which semitones, tones, thirds, and

diesis, were varied, or have different values assigned

them, by almost every different writer, as references to

our articles above mentioned will shew ; but so as al-

ways to preserve the fourth entire and perfect : and it

has been concluded, that every one of these writers in-

tended five of thefourths whidi he has described to b«
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disposed within two octaves, from A to A, as above

mentioned ; the third of these fourths, tuned from be-

low, overlapping the second of those two tuned from

above, by a grave or comma-deficient minor third, as

will be best explained by giving an example of the

Diatonicum iulensum of Ptolemy, which can be done,

with reference to the notes of Mr Liston's scale, (see_

EuHAKMONic Organ), using the artificial commas of

Farev's Notation (which see,) for expressing the mag-
nitudes of the several intervals ; viz.
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above \.
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adjacent Notes.

The first of the above three columns contains the

notes ofMr Liston's scale, and opposite to each of these,

its value in the artificial comma (s) is placed. In
column three, intermediary to the lines of the first two
columns, the difference of the adjacent numbers in co-

lumn two are placed, by which it will appear that

each of the five tetrachords or fourths, BE, EA, AD~

;

and BE and EA are exactly alike constituted, that is,

rise each by the intervals 57, 104, and 93 artificial

commas each, answering to the major semi-tone, the
major and the minor tones respectively.

The interval AB, is in each case 104, or the major
tone ; and thus, exclusive of the notes B\) and D", the
system comprised in these two octaves may be more
simply expressed thus, viz. T -}- 4th

-f. 4th + T -{- 4lh
.{- 4th = 2 VIII, forming thus far two similar octaves.

The interval D'B or 866— 716 = 150, is the comma-
deficient minor third, by which interval the two series

of fourths over-cap each other.

It would be easy for the musical student to prepare
a similar table to the above columns two and three, for

each of the many Greek systems, whose fourths are
given in 2 S, in our articles on the Genera above refer-

red to, and to place Liston's corresponding notes against
them, in column one, as far as is practicable, by reference
to the values of his notes in the Philosophical Magazine,
vol. xxxix. p. 419, whence the above numbers were de-
rived, by adding 161 from C to C, and 773 from C to
a ; that is, by reducing Liston's series to A as a bass or
.key-note, instead of C. (5)
GREENHOUSE Px-ants. See Horticultcbb.

. GREENSTONE. See Mineralogy.

GREEN, Matthew. Of this author of a popular
poem. The Spleen, very few particulars are known. He
was nephew to a Mr Tanner, the clerk of Fish-mongers
Hall, and belonged to a reputable family among the
Dissenters. But though bred among the sectaries, he
grew disgusted with tlieir precision, and probably left

them witliout being reconciled to the mother-church,
as he is said to have thought freely on points of religion.

He had a post at the custom-house, which he dischar-

ged with great fiilelity, and died at a lodging in Nag's-
head Court, Grace church street, at the age of forty-

one, in 1737. Green's character is given by his inti-

mates as that of an exceedingly honest man, witty and
original in conversation, though slenderly educated;
and agreeable in manners, though subject to the hip.

Once when his friend Sylvanus Bevan, a Quaker, was
complaining at Batson's coffee-house, that, while bath-
ing in the river, he had been saluted by a waterman
with the usual cry of Quaker Quirt, and wondered hoiv
his profession could be known while he was without his

clothes ; Green replied, " by your swimming against tho
stream." A reform took place at the custom-house, while
he belonged to it, by which, among other articles, a few
pence, weekly allowed for mlk to the cats, were taken
away. On this occasion. Green wrote a petition from
the cats, which prevented the regulation from taking
place. The poem of the Spleen was never published in
his lifetime, nor any of his fugitive pieces. Glover, his

warm friend, presented it to the world after his death;
and, it is much to be regretted, did not prefi.x any ac>

count of its interesting author. It was originally a very
short copy of verses, and was gradually and piece-meal
enlarged. Pope speedily noticed its merit ; Mr Mel-,

moth praised its strong originality, in Fitzosborne's

Letters ; and Gray duly commended it in his corre-

spondence with Lord Oxford, when it appeared in Dods»
ley's Collection.

It would be as superfluous here to enter upon a seri-

ous defence of the poem of the Spleen, as it was absurd
in the last editor of the British Poets to attack it upon
the grounds of its author professing to offer no religious

consolations for the cure of splenetic temperaments.
Religion would have been quite as much misplaced
amidst those light views of life which the author exhi-

bits, as in a sentimental comedy. The views of life

which he takes, are not indeed marked either by strong

sensibility, or profound observation ; but the light in

which he arrays familiar scenes and situations, is pe-

culiarly original. The matter of his precepts is com-
mon, while their manner of expression is happy, and all

his own. The concluding allegory, for instance, in

which life is compared to a sea voyage, is extremely

hackneyed, yet nowhere has the allegory been reno-

vated by so many, and by so fine picturesque circumstan-

ces. Reason at the helm ; the Passions forming the

crew ; Philosophy putting forth the lights ; Experience

employing the glass and lead ; the careening places of

Bath and Tunbridge ; and the dolphins sportmg round,

all compose a picture of animated and amusing effect.

Many of his scattered thoughts and detached sentences,

fairly rival the best in Butler ; and, upon the whole,

leave it much to be regretted, that so ingenious a mind
should have been destined, by a short life, and by the

bondage of a confined vocation, to leave such scanty

relics of its powers. (>>)
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GREENLAND. *

(.TnEENi,*ND is the most northern country of the
western hemisphere of the globe. It reaches as far as

the land is discovered, from Cape Farewell, in La-
titude 59° 30' to the 78th dejfree of North Latitude.

Its eastern coast nnis north-cast towards Spitzber-
pen, and is bounded by the Atlantic Ocean. Its west-
ern co.ist lias a northwest direction, and is bounded
by Davis Straits and Baffin's Bay. Its southern coast
is very narrow, not occupying one degree. The
borders of its northern coast are entirely unknown.
The eastern coast is commonly called East Greenland,
and Osterbygd by the old Icelanders and Norwe-
gians ; the western, West Greenland, and Westcr-
bygd; h^/gd signifying, in the old Icelandic language,
settlement. From tlie date of its discovery, the i'ormer
is called Old Greenland, the latter New CJreenland.
The whale fishers, speaking of Greenland, include un-
der this name the islands of Spitzbergen, so called

from the many sharp- pointed mountains with which it

abounds, and they call the whole west side Davis .Strait.

The Danes further divide the west coast into .South

Greenland, a distance from 59" 30' to the CSth degree,
and into North Greenland from the 68th degree lo the
most northern point. Th;it Greenland joins the con-
tinent of .America on the end of Baffin's Bay, is nearly
ascertained.

The disco^-er}' of Greenland between the years 830
and 835, is mentioned in the chronicle of Snorre Stur-
leson, a learned Icelander, who wrote about the years
1212, or 1215. Another Danish writer, Claudius Chris-
tofl'erson, places the discovery in the year 770. An
Icelander, Eric Raude, or Eric the Red, so called from
his red hair, having killed another powerful chief of
that land, was obliged to quit the country, and deter-

mined to make a voyage of discover}', a practice very
common at that time. Soon after he set sail, he reach-
ed the point of a cape on the continent of Greenland,
which cape he called Hcriolfsnres in commemoration
of one of his ancestors. Turning from this to the
south-west, he entered a very large inlet, which he
called Eric's Sound, probably "the sound called by the
natives Ikareseksoak, which separates Cape Farewell
from the continent of Greenland ; he then stopped and
remained on an island in the vicinity of it. The fol-

lowing summer he explored the continent, and return-

ed in the third year to Iceland, where he boasted very
much of the fertility of the new country which he
had discovered, to which he gave the name Green-
land, hoping thereby to induce a great many people
to follow him. Of 25 vessels which set out with him
for Greenland, only fourteen arrived safe. These set-

tlers were soon followed by others, both fiom Iceland
and Norway, and their number in a very short time in-

creased so much, that they occupied ])art of the east

and west coast of Greenland. Eric Raude and his

sons Leif and Thorstein afterwards made excursions
from time to time to the opposite side of Davis Strait,

or the North American coast, and founded colonies
there, to which they gave tlie name of Wiiilandia. In

Xeno,

A. D. 13«0.

the year f)9J), Leif made a voyage to Norway, and was GretnUnd.

persuaded by King Tryggegon to embrace the Chits- —^ » '

tian religion ; he took priests with him to Greenland, for Pfosnatirt
the conversion of his countrymen ; and his father Eric Geognphfi
Raude, with many of the people, went over to the Chri.s-

tian faith, and there was afterwards established a bi-

shojjric, and a great number of churches. The old Ice-

lanilic and Danish writers tell us, that there existed 12

parislies on tlie cast coast of Greenland, containing IJJO

villages; and four parishes, containing 100 villages on
the western coast. The last Bishop Andrew was sent

there in 1 408, and after that year Greenland was no
more thought of for a very long time.

Amongst the foreign travellers who visited the coast

of Greenhmd very early, about the years 1 379 an^l J 380,

were the Venetian noblemen Antonio and Nicolo Xeno, Antooi*

to whom we are indebted for the first map of Green- ""* ^''coi«

land, published with a description of their voyage, by
Francesco Marcolin, at Venice, in 1558. From the

year 1408, all intercourse was cut off, and all know-
ledge of Greenland has been buried in oblivion. Pre-

vious to that time the Esquimaux, now called Green-
landers, began to shew themselves on the western

coast. It cannot now be ascertained whether these Es-

qiiimau.\, harassing incessantly the Icelandic and Nor-

wegian settlers, have at length prevailed against them,

and extirpated the whole race. Some suppose that the

plague called the black death, which devastated the

north of Europe, from the year 1402 to 1404, reached

this land, and carried off a great number of the settlers,

so that, l)y their diminution, they were weakened to

such a degree, that at last it became an easy matter

for the Esquimaux, (called Skraellingers by the settlers)

to make war upon them, and to extirpate them. In tliin

forgotten and neglected state Greenland still remained,

until the beginning of the I6th century, when a new
spirit burst forth in Europe, to explore the unknown re-

gions of the earth.

Martin Forbisher, or Frobisher, was, in the year Frobishcr.

1 576, the first that navigated this coast, and called it A. D. 1576.

Meta Incognita. A sound which, according to him, di-

vided that continent, was calletl Forbisher Strait. He
was sent out again by Queen Elizabeth, in the year

1 578 ; but he lost two of his vessels, and could find nei-

ther the sound nor the land. The Forbisher Strait is

marked on all charts of Greenland, but it does not exist

anywhere on the whole coast.

John Davis followed the same course, in the year John Davis,

15S5, and discovered that strait which now bears his -V- D. 1586.

name, viz. Davis Strait, which reaches to the 70th de^

gi-ee. Some public-spirite<l gentlemen sent out Robert

Bylot as captain, and William Baffin as pilot, with the
gjjffin,

ship Discovery, in the year 16"16 : they reached Davis ^ d. 1616.

Strait, aiixl advanced as far as the 77" SC.

The Danish government, animated by these disco-

veries, b^an also to think of their lost Greenland, or the

Osterbygd, (eastern settlements,) and during the reigns

of seven kings, spent considerable sums upon it, but

without success ; tlie e.istern coast having become inac-

• The Editor has been indebted for the following article on Greenland to llie CMiViiiiR Chaklks Louj« Gixsicii, Professor of Mi-
neralogy to the Dublin Society, who resided many years in that coubU>, for the eijuess purpose of examining its mineralogy and
niilural history.
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Grtmland. cessible by the floating ice. Finally, in the reign of Fre-

deric the Fourth, Hans Egede, a clergyman from Vogen,

in tlie North of Norway, animated by a religious en-

thusiasm, offered himself for the conversion of the Green-

landers, and, accompanied by his wife and children, left

his office, and his native country. He was furnished by

the Danish government with two vessels ; and, being

provided xvith the necessary stores, he embarked on the

2d of May, in the j'ear 1721, and, after struggling with

many dangers, landed on the 3d of July, at Baal's river, in

6i° 5' of N. Lat. The Greenlanders did not like their new

guests; but, by degrees, they were influenced, by friend-

ly treatment and presents, to entertain those who visited

them. The trade had a very ))oor appearance in the be-

ginning, but all succeeded very well in the course of

three years. From time to time, the establishments both

for the mission and the trade were increased, and Mr
Egede built the first European house in Baal's river, call-

ing the settlement, metaphorically, Gotihaab (Good

Hope.) The three first missionaries of the German Uni-

ias Fralrum, or the Moravian Brethren, were sent out in

the year 1733. They established their first settlement

in the vicinity of that of Mr Egede, and gave to it the

metaphorical name New Hennhut, their first settlement

in Germany being called Herrnhut, that is, protected by
eur Lord.

The Danish government were not discouraged by the

unpromising appearance of the missions and the colonies,

but made ample provision for upholding and extending

them, and fojmed permanent settlements for the best

possible cultivation of the land. Horses and soldiers

were sent over to Greenland, that the settlers, by their

aid, might travel over land to the east coast, or the lost

Greenland ; but the icy vallies, and glaciers crossing the

iiiterior of the country, were found impassable; the horses

perished, and all those endeavours proved abortive. The
only possible way to come there, would be with Green-
landish leather boats, which are easily transportable over
the floating ice, travelling round Cape Farewell, and ne-
ver losing sight of the coast. But the reports of the
Greenlanders, who dwell in the most southern part of
the country, give sufficient reason to suppose, that none
of the old settlers will be found there ; it being proba-
ble, that a coast incessantly surrounded by ice fields,

which have lain there from time immemorial, and in-

crease every year, as is ascertained by the whale- fishers,

who go to Spitzbergen, will be now much colder than it

was some centuries ago, when the sea was still open for
sailing from Iceland and Norway, and free from floating
ice during the whole summer.
The colonies and settlements existing at this time on

the whole coast of West Greenland, in a line from south
to north-west, are,

1. Nennorleli/c, or Bear-island, lying on the east of
the promontory of Cape Farewell. The Greenlanders,
who live on the remotest places in the south, come there,
if the floating ice permits it, with their articles of trade,
such as the skins of the blue and white fox, and of the
wliite bear. The island is only inhabited by one Green-
landish family.

2. LiclUetmu, the most southern establishment of the

S^^T^r .**™"' 'y'"g'" ^^^ F'"^^ Agluitsok, in the
oO' 34' of latitude.

1. ^i'^"?'"'^*'''
"'^Wished in the Firth Kakortok, in

the bO 43 In its vicinity are the ruins of an old Ice-
-'andic or Norwegiaji church.

Coloniei

and ietUe

picnts.

4. Fredrikshaah, in the 62» SO', is one of the oldest (

colonies, established in 1742.

5. Fiskemess, a Danish lodge, in the 63° 20'. Four

leagues from this is,

6. Lichtenfels, a settlement of the Moravian Brethren,

founded in the year 1754, on an island called Kikertar-

soeitsiak.

7. Godlhaab, in the 64° 5', in Baal's river, the first

settlement for the mission and trade, established in the

year 1723, by Mr Hans Egede, the first missionary of

Greenland. A dwelling-house of stone was built by him

in the year 1 726, the walls of which are three feet in

thickness ; it is 27 feet long, and 16 feet broad. Some
hills, at the distance of one league, separate Godthaab

from New Herrnhut, the first Moravian settlement in

this country. The governor of South Greenland resides

here.

8. Nctv Herrnhut, which has also a very large dwel«

ling-house, built of stone, by the Moravian Brethren.

9. Zukkerloppen (^Sugar-loaf',) so called from a conical

moiuitain in the vicinity of the settlement, established in

1755, in .65° 40' North Lat.

10. Holsicin-burg, established in 1770, in 67" 10'

North Lat. the last colony of South Greenland.

11. Egedesminde {ihsX IS, Memory of Egede) is esta-

Wished in honour of the first missionaiy, Hans Egede.

It lies in 68° 40' North Lat. on the most southern

point of Disko Bay, generally called on the charts SoJth

East Bay, and Fish Bay, which is one of the most con-

venient places for the whale fishery. •

12. ChristiansJmab ; 13. Clansfiavn; and, 14. Jafcobs-

havn, in 68° 50', arc the settlements established round

the continent of Disko Bay.
There are two other colonies, called, 15. Klolckcrhuk,

and, 1 6. liiltenbenk, situated in 70" N. Lat. on islands in

the Waygat, which is a sound that separates those islands

from Disko island.

17. Omenak, another settlement, established \16^,
in 70° North Lat. is situated on an island of the same
name in James's Bay, which, in the English charts, is

called Cornelius Bay. The most northern colony which

existed, was,

18. Upernavik, on one of the Women Islands, 72" 32'

North Lat. although now abandoned by the settlers, for

want ofintercourse with, and support from, the other settle-

ments. It is- still inhabited by some Greenlanders, who
have very little intercourse with the Europeans, and ne-

ver venture farther to the north than to the 73d degree.

There is another settlement, Godhavn, on Disko

island, where the governor of North Greenland resides,

and two others at Kronprinz island and Hund island,

called, on the charts. Whale Island. The English whale-

fishers visit frequently those places. On the whole coast

are five Protestant Lutheran Danish churches, where the

gospel is preached both in Greenlandish and Danish

;

there are also three meeting-houses of the Moravian

Brethren. The Lutheran churches are at Frederikshaab,

Godthaab, Holsteinsburg, Jakobshavn, and Claushavn.

The Moravian meeting-houses aic at Lichtenau, Ijch-

tenfels, and New Herrnhut. The Moravians have no
mission farther to the north.

Greenland was always considered to be a property of

the King of Denmark, the Danish flag having been hoisted

there so early as in the 1 3th century. The trade with the

Greenlanders was several times interrupted, as already

mentioned, the inhabitants wishing to avoid all intercourse
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rcenlaitfL with foreign countrie*. The religious zeal of the vene-
"y"^ ruble Lutheran clergy-man, Hans Eged«, by degrees at.

Inched the Greenlanders to the Danes : the iininterrupt'

ed conununifulion with the Greeiilaixicrs made the Ounes

acquainted with the language of the country ; and as the

natives began to feel the want of some European articles,

a commercial intercourse was established. The trade was

always a monopoly, undertaken at first by a company of

inerdiants, and afterwards conducted on account of the

government. Each settlement is managed by a trader and

his assistant, both of whom are paid by the government.

These officers and their workmen are subjected, besides

the Danish law-book, to another regidation of trade, cal-

led Instruction. The general inspection of the trade, and

the administration of the laws, is placed by the king un-

der the care of two governors, or general inspectors, one

of whom resides at Godthaab in South Greenland, the

other at Godhavn (Good Harliour) on Disko island.

Their power is very extensive, but is restricted to the set-

tlements ; the natives being without laws, except such

individuals as are in tiie pay of the Danish government.

The trade and the navigation to the colonies is governed

by the royal direction of the Greenland trade at Copen-

hagen. The Danish missionaries, their installations,

functions, and resiliences, are settled by the royal Danish

college for converting the heathens. The Moravian

Brethren there are under the immediate direction of the

Unilas Fratrum of Herrnhut in Germany.

ipcrts. The exports from Greenland are, feathers and eider-

down, horns of the sea unicorns {Monodon monoceres,)

skins of seals, of the blue and white foxes, white bears,

white hares, and rein-deers, whale-bone and blubber, or

oil of every kind.

3pMt& The imports directly from Copenhagen to Greenland

are, guns, powder and shot, all kinds of iron-mongery,

particularly knives, files, axes, needles, nails, arrow-heads,

linen, and hosiery; articles of luxury for llie women, such

as cottons, ribbons, gloves, looking-glasses, snuff-boxes ;

tobacco is an article in great demand everywhere. They
are also anxious to obtain rye-bread, barley, tea, coffee,

beer, and brandy. The latter article, however, is strict-

ly prohibited from being sold, or even given to any

Greenlander. Every spring, in the beginning of May,
five or six vessels go out from Copenhagen to Greenland

with the articles of trade for the natives, and the neces-

saries and comforts of life for the Europeans. The car-

goes of these vessels may be calculated at 65,000 rix-

dollars (£ 1 3,000 sterling.) The value of the produc-

tions carried to Copenhagen may amount, on an ave-

rage, to 85,000 rixdollars (£l7,000 sterling.) But the

communication between Greenland and Copenhagen was
entirely suspended for five years, in consequence of the

war between Great Britain and Denmark. The build-

ings and stores of the Greenland company liavc suf-

fered very much, from not having been repaired, in con-

sequence of the want of timber and other materials ; and
it is now supposed that the establishments will be redu-

ced to a smaller scale.

The natives inhabiting the western coast of Greenland,

from the 59th degree to the highest north, belong to the

Mongolic race of mankind. They were called Skrael-

lingar by the old Icelanders and Norwegians, on account of

their little stature; but they call themselves, in their own
language, Innuit, that is, men or human beings, in oppo-
sition to other creatures, and this not from presumption.

They are called Esquimaux, or Eskimos, by some authors.

Natirc*.

They speak the same language as the inhabitants of OrnaUixt.

Labrador and part of Hudson's Bay, and their mode
of living is very similar. They are probably spread
over Bhering's Strait, and part of Nootka and Wil-
liam's Sound, as it appears from the maps of the late

Captain Cook, where some islands are marked with names
used by the Greenlanders in Davis Strait. They rfe-

semble one other in their stature, their complexion, and
their customs. Living under a rigorous climate, which
presents very few productions, the size of their bodies
is reduced by the nature and scarcity of their food, and
the extreme cold. Although the stature of the Green-
landers is in general below the copimon standard, their

persons are not proportionally slender, b«ing usually

pretty plump, but very seldom muscular. Their face is

large and broad, tlie nose not very flat, but small and
short ; the nostrils somewhat wide, the cheek bones
high, the cheeks round and plump. The face frequent-

ly appears fallen in quite across between the temples:

The forehead is low, the eyes little and black, dull

and drooping, but having the power to distinguish accu-'

rately at a very great distance. The eyelids are drawa
towards the temple ; the mouth is generally little, and
round ; the teeth vsry regular, and beautifully white

;

the lips thick, and turned outwards ; the under lip some-
what thicker than the upper. The beards and eyebrows
are thin, but they have abundance of hair on their head,

which is black, long, coarse, and straight. Their necks are

short, their legs thin, but their feet and hands are small

and very well formed ; their heads are uncommonly large.

The shape of the women is very similar to that of the

men, and they resemble them so nearly, that one can-

not at first distinguish the sexes, their dresses being nearly

the same. The appeaiance of the women is by no means
feminine ; they have high breasts and broad shoulders,

being accustomed, when very young, to labour hard, and
carry great burdens. The Greenlanders are of a yellow-

ish grey colour, which approaches .somewhat to olive

green ; but this may be attributed not only to the cli-

mate, but to their dirty habits, and to the great quantity

of smoke and soot which their houses contain ; for their

children are born as white as any European child.

The oily nature oftheir food contributes probably some-
what to deepen their colour; their blood becoming so dark,

dense, warm, and oily, that their skin has the smell

of oil, and their hands and feet arc as clammy as bacon.

Their bodies being very fleshy and fat, and coated as it

were with a varnish of oil and dirt, they can bear tlie

cold better than an European. They sit commonly na-

ked in their houses ; and the effluvia from their bodies is

such, that an European who sits by them can scarcely

endure it. Their children are in general very healthy

;

and one rarely sees among them a human being mis-
shapen from its birth. They consider themselves to be

very well educated and informed ; and when they meet
together, nothing is so customary among them, as to ridi-

cule the Europeans and their manners. The women ia

particular, understand that sort ofhumour extremely well.

They use a mode of very expressive mimicry, consisting
.

of certain grimaces, by means of whidi they can make
themselves understood from one comer of the house to

the other ; and a European coming to their coimtry will

instantly be characterised by a nickname, expressive of

his manners, or behaviour, or personal defects. They rec-

kon themselves the most modest people in the world

:

and seeing a motlest foreigner, they say, inmicksisimai-oi:

o
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GteenUfii or innungorpok, that is, " lie is as moJest as a Green-
"""y^ lander." Althoughtheie may be some presumption in this,

vet it cannot be denied, tiiat tlicy are modest, friendly, and

not litigious ;
generally compliant; but, when exaspera-

ted, they are so desperate, ttiat no danger deters them

from their revenge. Although veiy ignorant, they are

by no means stupid. They learn easily to read and to

write their language, not only the children, but also men
advanced to 20 and 30 years of age. Some of them, be-

sides their maternal tongue, speak Danish very well, and

they have a great inclination to mechanics. As their sup-

ply of food is but precarious, their patience in hunger is

astonishing. Their strength, in proportion to the size of

their bodies, is not less wonderful. Pinched with hun-

ger for some days, the man is nevertheless able to row

out, and to manage his kajak in the most boisterous sea.

DtMi Their manner of clothing is quite correspondent to the

climate. Men, women, and children, from the time they

are three years old, are clothed nearly in the same

manner. Their ordinary dress is a sort of close fiock, or

rather robe, which reaches to the knees. It has at the

upper part a roimd hole, sufficient to put the head

through, and not large enough to admit the cold. The
sleeves are rather wide on the shoulders, becoming nar-

rower as they reach the wrists. A hood similar in shape

to the cowl used by monks, is attached to the buck of

the frock. This is drawn over the head in winter or bad

weather. In warm weather they generally walk bare-

headed. Some of them now use the round hats of the

Europeans. Their breeches are nearly like those of Euro-

peans. Their stockings are in summer of seal-skin, in

winter of dog or rein-deer skin ; and those of the women
are of fowl-skin. Their boots are made in a very neat and
ingenious manner ; sometimes of seal-skin, sometimes of

rein-deer skin. The frocks are also made of seal or

rein-deer skin. At the seams where the different skins

are sewed together, they are usually adorned with nar-

row thongs of different skin, sometimes coloured red ;

they are worn with the hairy side outwards. In cold

weather they use under the frock a shirt made of fowl-

skin, of the Aka pica, or Anas mollissima, or Pdicamis
carho.

When at .sea in their small canoes (called kajak), they
use a sort of frock impenetrable to water, with the hair

taken away, called Erysak. The bottom part is fastened

round a ring or hoop made of bone ; and this hoop is

joined to the hole in which the Grcenlander sits, so that

no water can penetrate it. They have also anotlicr

froclc made very ingeniously from the intestines of whales,
dolphins, or seals, prepared with such skill as to resemble,
in a great measure, our goldbeater's leaf. The clothes of
the women differ very little from those of the men. The
sleeves are very high and wide on the shoulder, and
reach only to the elbow. They are cut out downwards
from the lop of the thigh, and form a long tongue-formed
flap both behind and before, the end of which reaches to
the knee. It is very carefully sewed, and bordered round
the body with narrow thongs of white or coloured leather,
so.Tielimes of red cloth. They wear breeches, with \ery
short drawers underneath. Their common boots are
made of black or brown seal-skin, their dress boots of
white or red coloured seal-skin, reaching over the knees.
Shoes are rarely used either by the men or women.

They live in winter in houses, and in summer in tents.
When the summer is over, which is generally at the end
ni August, the women belonging to the family or to the

house are very busy in repairing an old or in building a tirt.

new house. It is done in a very few days ; and this la- ^~^r^
hour resembles the liveliness of an ant-hill. Some carry

stones, others bring sod ; several tuif, timber, shrubs, or

earth. The walls are made of water-worn stones, put Hem-

together with turf or sod instead of mortar ; and the roof

is formed of pieces of floating timber. It is flat, and is

covered with shrubs, turf or sod, and earth. The stones

are taken from the shores, as they never build a house at

a greater distance from the sea than 20 or 30 paces ; the

timbers are picked up from the sea during the summer.
Their houses are sometimes regular, sometimes oblong

squares; being from 12 to 18 feet in length, and from 10
to 12 feet in breadth. Theheight is generally six feet. The
walls .are at their base two feet, and on the top one foot

thick. The entrance is usually under the earth, two feet

high, two feet broad, and from 12 to 15 feet long. It is

in the centre of the house, and generally faces the sonth.

The house lias no door, and one must always creep in oni

hands and feet. Above the entrance is one, and some-
times two windows, which are made of the intestines of
whales, or dolphins, or seals, sewed together. The house

consists of only one room, at the back of which there is a

kind of stage, raised from one foot to one and a half from
the ground, and extending the whole length of the house.

It is covered with seal-skin, and is used as bench, chair,

table, and bed-stead. Being divided in the front by per-

pendicular standing timbers, it has the appearance of low

cow-sheds or stables, separated by skins. Each family

occupies such a division. They sit on this bench the

whole da}', the men with their legs hanging down, the

women generally cross-legged. Each family has at least

one burning lamp, made by the Greenlanders themselves

of pot-stone. All round the margin of the vessel oiled

moss is placed, which serves instead of a wick ; and the

vessel contains about a quart of oil. The lamp serves

them as candle, chimney, and cooking fire ; and is at-

tended by the women. On the roof of the house, over

the lamps, are racks for the purpose of drying clothes,

boots, gloves, &c. The extremities of the large bench
on both sides of the house are considered to be the best

places, being most removed from the entrance, and there-

fore given to the first women of the house, or to travel-

lers of distinction. A narrow bench runs along on both

sides, and under the windows of the house ; and in this

place strangers of less consideration sit and sleep. The
houses are very well heated, and the heat is increased by
the uncommon evaporation of the natives. A European

is obliged to go out occasionally, to get fresh air. The
interior of their houses looks very well at the beginning

of the winter, as long as any degree of order exists in

them. But this is over in a very short time; and even

this irregularity and confusion is exceeded by their nas-

tiness and stench. They not only keep a number of dead

seals, fowls, &c. in their warm houses, but they also gut

them there. This, together with the bones, and rotten

or halfeaten fragments of boiled and raw flesh, occasions

several heaps of filth, which are never removed, till,

from their bulk, it becomes troublesome to pass over

them. Every thing about the house smells of train oil

and smoke ; and every part of it is as filthy as can be

imagined. It is revolting to Europeans to see their dir-

ty hands and face, almost always dripping oil ; their meat
dressed ariH eaten in such a disgusting inannei ; and their

nasty clothes, literally alive with vermin. They are also

very dirty in cooking their meat ; they seldom w;i<.h c
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rcfntanit. vessel ; the colour and the odour of the last dish must

"'Y'*^ remove tliat of a former one. They lay llieir boiled

meat in wooden dishes of fir wood, made by themselves,

which are never cleaned ; and first drink the soup, or eat

it with spoons made of bones or wood. Their undressed

meat lies ou the bare f;round, or on an old scui-skin.

They have no dcleriniiicd time for dinner or supper;

but, when the men of the house return with the yaine,

which generally happens in the evening, part of the day's

.spoil is immediately boded, and all the people who live

ill the neighbourhood are invited.

The men get their meal first, sitting upon the ground,

round a large wooden dish, and taking the meat with

llicir fingers. When this is over, the women begin in

the same stile, but at the opposite end of the house. If

there be a European guest, or any other stranger, the

woman of the house Uikes a piece from the keltic, licks

it clean from blood and scum, and presents it to him with

her own hands. It would be considered a high degree

of impoliteness to decline it.

•nis. Their time of removing from their houses to their

tents is not exactly fixed. It takes place generally at

the end of April, or in the middle of May, as the snow

melts sooner or later ; and it frequently happens that part

of the badly supported roof of the house gives way and

falls down, an accident which forces them to remove to

the summer place. The tents are larger and smaller, in

proportion to the size of the family and its fortune, but

rarely exceeding the length of 12 feet, and the breadth of

1 feet. A wall one foot high is first made of stones and

sods, on which they rest the poles, which form an acute

angled triangle with the ground. The poles are then

covered with seal-skin ; and a curtain is placet! before

the entrance, made from the intestines of the whale,

dolphin, or seal. The bed-places are similar to those in

their houses. The tents are, like the houses, near the

shore, as the sea supplies them with all their wants, and
' the seal provides them with all the necessaries of life. The

ilweanons
'"'irunients to procure their food are very simple, but they

are admirably adapted to their purpose. The principal

of tliem is the harpoon, called erneinck, and unnereek,

which is the largest of them all, being two yards and a

half in length. The second is the lance, called angoviak ;

the third, a smaller lance, is called kappiit : these three

are generally used for seal-game, the first to attack, the

two others to kill the animal. The first was also former-

ly used to attack the whale ; but now the Greenlanders

do it in the European manner, with large harpoons. A
fourth instrument, called akligak, is a kind of javelin

with a head of iron, barbeJ, to prevent its becoming dis-

engaged from the animal. It is generally used when they

pursue their game in company. For catching birds, they

use the tiugit, or fowling-pike, headed with iron like the

last, and furnished, towards the middle of the shaft, with

three notched forks made of bone, that one of these may
reach the bird, if he escapes the apex, which is of iron.

Vor land-game they formerly used the common Indian

bow, with its arrows made of fir, and stiffened with si-

news of animals, with a string likewise made of sinews ;

but the use of it was nearly abolished on their being pro-

vided with guns by the Europeans j although they were

oljliged, during the time of the late war, to resort to

their old method of shooting, which succeeded very bad-

ly, fi om the want of that dexterity which they formerly

possessed. The Greenlanders being a very pacific people,

nouL of the dreadful instruments of war used by other Iti.

dians are found among thcni. 'I'iicy use fur fixl

same appnratuo as other nations, the lines \»- < .,Iy "

made of very thirdy shaved thongs of whale "

Their canoes are of two difTerent 80rti; the ont-lai."
'

and open, the other small and Covered. The fraiiin:,^

of both consists of slender pieixs of wood, covered on the

outside will) skins of seal sewed together. The. wooden
framing is joined by thongs, cut from seal-skins, or by
thini) shaved whalebone. This maimer of putting thejn

together, gives to the canoes so great a degree of flexi-

bility, or rather elasticity, that they very seldom can go to

pieces, even in the most boisterous sea. The large ca-

noe, called umiak, or the canoe for women, is generally

twenty-four or thirty feet long, four or five feet wide,

and two or three feet deep, terminating acutely at both

ends. The bottom is flat. It is used in summer to

transport the whole family, and its utensils and tent, from

one place to another ; and is in the evening always

taken up on land, in order to be dried, repaired, and
varnished on the outside with old thick rancid oil, called

Minnek, to prevent the water fiom penetrating the

seams.

The other small canoe is called kajak, and is only used

by the men ; it is sharp at both ends, and its entire

shajie and appearance is not unlike a weavei's .shuttle. It

is from four to five yards in length from one extremity

to the other, about a foot and a half wide in the middle,

and scarcely one foot in depth. In its centre is a round

hole, with a prominent ring of bone or wood, in which

the man seats himself, and fastens the underpart of his

frock round that ring, forming thus one body with his

canoe. Upon his kajak he has his instruments, striking

the sea alternately on both sides with a paddle called

pautik, four fingers broad at each end. He can row in

a very boisterous sea, and if overturned by the billows,

he is able to raise himself again. All their sea game is

procured in these small boats. The boy is employed by
his father in his earliest age, that is, in his sixth or

seventh year, to prepare himself to perform the business

of a man. The first sea-fowl caught by a boy gives oc-

casion to a great festival, and dinner of the family, for the

purpose of doing homage to the rising master of the house.

Another kind ofsea-amusement, or rather ice-amusement,

is used in winter, in the north ofGreerdand, from the 70tli

degree to the highest northern latitude, by means of sled-

ges drawn by G to 12 dogs. The Greenlanders drive

them over the frozen sea, a distance of 50 and sometimes

more miles from the lands, to the rifts and clifls of the

ice, and catch there the dolphins, sea-unicorns, and seals,

which come there in great numbers to take air. The
spoil is carried home by the assistance of the sledges.

The velocity of the dogs is astonishing ; they may be

driven 100 miles in 9 or 10 hours.

The men take no charge of any of the domestic ope-

rations. The women must make clothes, boots, canoes,

and tents, dress leather, clean and dry clothes and boots,

gut and dismember the .spoil, cook the meat, cut the pot-

stone-lamps, prepare oil and wicks, and build hou.ses and

tents. The girls are employed to this business from the

time they are twelve years old. The boys are, from

their first childhood, regarded as the future masters of

the house. The Greenlanders never strike their child«

ren, who arc very untractablc until their sixth and se-

venth year; afterwards they follow tlieir parents very

willingly, and shew with their increasing age a still

more respectful behaviour towards them.
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Greenland. The men seldom marry before the twentieth year of

/-'—'
their age; and the women in their seventeenth or eigh-

Mianagcs.
j^^g^^j y^ar. The bridegroom never concerns himselfabout

marriage-dowry; he is well satisfied if his bride under-

stands liousewifery; that is, all the business which we

have already mentioned as belonging to the female.

Tlie parents" never interfere, but they always wish that

their son-in-law should bo a good hunter; and on the

other hand, that the wife should understand housewifery.

The girl always makes great difficulties, nms to the

mountains, or cries proforma, and the bridegroom gene-

rally takes her by force from the house of her parents,

•and puts her, supported by some old women, in his

umiak, which is lying on shore. He brings her to his

house, and they are considered as married. They never

marry their relations. Polygamy is not very common

among the unconverted, and is strongly prohibited among

the baptized. It occurs, however, though very rarely, that

a heathen has three or four wives. The most respected of

them is she who is so fortunate as to have boys. They

are not very prolific, the number of children seldom ex-

ceeding five or six. If a wife has no children, she herself

often requests the man to take a second wife, it being

thought ignominious among them not to have a family.

The second and third wife is always inferior in rank to

the first. Their marriages are not indissoluble ; the man
sometimes puts his wife away, and the wife also occa-

sionally elopes, and generally retires to her parents, if she

is not satisfied with the man, or with his conduct. The
women bring forth their children very easily, and perform

their usual business in the house to the last moment,
and go out again the day after the delivery ; they are

assisted in the delivery by some old women, as many as

there are in the neighbourhood ; they rarely bring forth

a child before the proper time; the birth of a child is

always followed by a dinner. As the people are not

very prolific, the coast is very thinly inhabited ; the po-

ronulation. pulation of which was stated to have been about 20,000
souls, on the arrival of the first missionary, Mr Hans
Egedc. The small-pox, carried hither from Europe in the

year 1733, swept away more than 3000 souls. Other
diseases diminished the number of the natives from time

,
to time very much, which, according to the latest ac-

counts given by the governors and missionaries, does

not surpass the number of 7000 on the whole coast, from
the 60° to the 73° of Latitude. Venereal diseases are

unknown. It is a curious circumstance, that the fruit-

fulness of the native women increases, when they are

married to Europeans. This is still perceptible at this

day in Greenlandish families, mixed with Europeans at

the time of the first mission (1721), the European fea-

tures being still visible.

The Greenlanders are very sociable ; although they
do not live in towns or villages, they like to visit and to

be visited. A man or woman never pays a visit to a
person residing at a distance, without making some pre-
sent at the bouse she visits, either a skin or fowl, or
some sinew. They are very fond of making bargains,
and often part with their most useful utensils in ex-
change for trifles, particularly to satisfy the capricious
frivolity of their wives. No one desires to usurp any
authority oyer another, to make regulations for him,
or to call him to account for his actions; for, as they
have no riches, one individual supports another ; the
hcI(.leKs finds refuge in the house of the more fortunate,
without being related to biro, and each Greeiilander has

his landed property where he resides. Tbey may there- Gfeenla;

fore change their residences as often as they like. ^""V^l:

Whatever the sea drives on shore, particularly floating

timber, is the property of him who has taken it up, and
brought it on shore. Notwithstanding, however, their ho-

nesty towards each other, they arc not scrupulous in

stealing from Europeans.

It is very singular, that the heathens inhabiting this ReligiM

country, have no worship. It was believed by some
navigators, who saw the Greenlanders observing the

rising sun in the morning, that this people worshipped

the sun. They were confirmed in their opinion by the

squares of stones, which they saw erected for the purpose

of their tents, and supposed that they were places of wor-

ship ; but they have no religion at all, although they

are not without some notion of a Divine Being, and of a

future state.

They frequently speak of a Supreme Being, called by
them Tornarsuk, a compound of bad and good, probably

a remnant of the religion of the old Norwegians. He is

the oracle of the Angekut, or Greenlandish philosophers,

(if this word may be so improperly used,) who are alone

admitted to have intercourse with that great spirit. Be-
sides Tornarsuk, they speak of many inferior beings or

spirits residing in every corner of their country. Each
Grecniander may become an angekok or sorcerer, if he
will submit to certain trials and ceremonies; but the an-
gekok never enjoys any peculiar veneration from the

Greenlanders. He prefits by the superstitious credulity

of his countrymen, pretending to cure the sick with

magic art, and presenting amulets of seals, reindeers, &c.
as a preservative to those in health. The angekut have
their peculiar kind of language, a kirendum or jargon,

understood only by themselves.

The Greenland language might with more propriety LaneuM
be called the language of the Esquimaux, as it is spoken
by the Esquimaux in Labrador,, on the shores of Hud-
son's Bay, and in various other places of that coast,

the Greenlanders being only part of that nation. It

probably also extends to Behring's Strait, Nootka Sound,
and William's Sound, and has no affinity to any of the

other north Indian languages, as far as they are known.
There is but little variation in the dialect on the coast

of Greenland, but in the south it is spoken in a more
singing tone. The letters b, d, g, h, I, v are never used

in the beginning of a word ; the letters Ctf, q, x, and z,
\

arc not used in their language. It abounds with double

consonants, particularly k and r, and is very guttural. The i

language is made extremely difficult, in consequence of the

greatnumber ofpolysyllables, by the use of which a whole ij

sentence is put together in an elliptical manner. They
have very few adjectives, and use the participles of the

verbs to supply their place. In the language are a great

number of affixa verhalia, by the use of which an asto-

nishing variety is produced in the signification of their

verbs. Thus from the radical verbs, innuvok, " he

lives is a man," is derived imiHgikpuk, " he is a hand-

some man ;" innurdlukpok, " he is a mis-shapen man ;"

inmtkidukpbk, " he is an unfortunate man ;" innuksior-

pbk, " he is a good man ;" innukpiltikpbk, •' he is a bad

man ;" innuksisimavok, " he is a man as a Greenlander,

(a modest man ;") itmungorpbk, " he begins to he ft

Greenlander. The third person sinpdaris prcesenlis ia

its radix. Every verb has its corresponding negative,

formed by the addition ngilak to the radix, thus : pek^

karpok, " he has," pekkangilak, " he has not," Eact
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flexible woiil has its dual, ending with the letter /, the

plurul ends with /; thus, niina, " land, I'ountry;" nutuek,

" two countries ;" tiunwl, " countries." The articles, pro-

nouns, and prepositions, are liurmed by snfExc.s, changing

the termination of the noun thus : rialegak, " master,

lord;" nalegama, " my lord;" arnak, " mother;" arnavtut,

" to the mother." A great luimljer of nugmentatives and
diminutives are also formed, by varying and adding to

thr termination ; and this circumstance contributes to

make the language agreeable and expressive. Thus, /./A-

ertak, " island ;' kikerlangoak, " a small island;" kikertar-

soak, " a large island;" kikerleitsiak, " a fine island ;" ki-

kerlarsoeihiak, "a large fine island." Their numerals are

limited to five. They express numbers from six to twenty

with the help of addition. Thus; five and one, five and
two: twenty is expressed by innuk, man; that is, 10
fingers and 10 toes; numbers exceeding 20 are gene-

rally called innumerable.

They have no traditions from their ancestors, except

an incongruous account of their battles with the old

Norwegians; the history of the Greenianders is there-

fore buried in impenetrable darknes?. They have no
chronology, no one can tell his age ; but they are well

acquainted with the north star. The angekut call the

ursa minor as: Hut in the south, and kullak in north

Greenland, the ursa major Itikto, or reindeer. They di-

vide the day according to the tide, and reckon their

years by winters. The distance of 32 miles, from one
place to another, is called one day's voyage, (made with

a canoe.) The different seasons are marked by the mi-
gration of birds, fishes, and other animals which regu-

larly visit their coast.

The angekut are somewhat acquainted with physics,

particularly met£orology ; they observe the weather with

great attention, and from the state of the atmosphere

they make very accurate conclusions respecting its

changes, even at a distance of three or four days ; and
as the natives procure their food from the sea, this habit

ii of great importance to them. The angekut are also

the physicians of their countrymen, and prescribe gene-

rally a certain diet, as most of the diseases result from
their very irregular mode of living. If diet is ineffectual,

amulets are applied, presented in bones of different ani-

mals, particularly of rein-deeis and seals. The most
common diseases are eruptions of the skin ; one is a

«ort of small pimple, which in a very short time covers

the whole body ; the best remedy, is to drink a decoction

of ledum groenlandictim. The other is a kind of lepiosy,

which infects their whole body with cancerous boils and
scurf. Those who are afflicted with it, are abandmied
by their relations, and die in the greatest misery.

The smallpox and measles were formerly unknown to

them, but wei-e conveyed from time to time by European
vessels to these poor people, and commifttd dreadful

devastations. These diseases are mortal to the Green-
landers, their skins being so dirty and oily as to pre-

vent the eruption. In the year 1733, the first year

of the mission, SOOO people died of the smallpox. Bl,t

vaccination is now employed by the Danish government
with great success. AH the other diseases which arise,

where the air is condensed by cold, and perspiration is

obstructed, are very common in Greenland. A wound-
ed or fractured limb is cui-ed very quickly by themselves,

but they have no remedies for internal disease.s, surh as

consumption, blood-spitting, pleurisy anddiarrhaa. Scurvy
IS not very common amongst them, as they do not use salt

meat or fish. The want of food, to which they frequently Greenlwid.

arc exposed in winter, produces very serious conipiainti, •"'V"^
which are particularly perceptible in the following spring.

It frequently happens in winter, when the frozen sea re-

fuses the necessary supply to the wretched family, when
the last thong of lealhcr is swallowed up, and when there

is no longer oil to burn in their lumps, that the hunter re-

turns with an animal, and some of these poor crcuures de-
vour the raw or h^ilf-boiled meat, anil falling victims to the

indulgence of their appetite, instantly die of indigestion.

They bury their dead generally on a small liill, in a Burying the

sitting posture, dressed in their l)est clothes, and covere 1 JeaU.

with seal-skin. The land being a mass of rockit, (he in-

habitants are obliged to build graves of stone, which are

covered with plates of mica slate, or clay slate, to pre-

vent carnivorous animals from destroying the bodies.

Their kajaks (canoes), mstruments, and utensils, are pla-

ced by the side of the grave. They return from the bu-

rial-place to the house of the deceased, to continue the

lamentation, which consists of a dreadful monotonous
howling, supported by all the attendants, who sit with

their faces turned to the ground. When this is over,

some refreshment is taken, and each returns to his own
house.

Tlie whole coast of Greenland, receiving the beams of ~. .

the sun m a very oblique direction, is deprived of that

general comfort whidi other parts of the earth enjoy.

The soil being shallow, is frozen during the greater part

of the year ; and the ice, having taken possession of all

the vailies of this barren and rocky land, the winds which

blow over these are, even in summer, extremely cold.

The prevailing winds are those from the eiist an;l nnrh-

east, north-west and north. The colil which the north-

eastern wind brings in winter is> almost insupportable;

and the thermometer is very often at—35" or Sir' of Reau-

mur (—48^ of Fahrenheit). The winds which blow direct-

ly from the sea (Davis' Strait), aie moist, and generally

attended with rai^is, in winter with snow and sleet ; and

are more boisterous in spring and autumn than in other

seasons. Winds reflected from the mountains, and stri-

king through the vailies with great violence, are extremely-

dangerous to vessels sailing near the coast. Strong stoi my
winds from the west or south-west always break the sea-

ice, even in the middle of winter. The cold sets in with

the month of January, accompanied with but little snonr,

which generally falls either before or after that time. More
snow falls in the south than in the north. The sea

does not freeze before the beginning of J.tnuary, form-

ing thus on its surface- clammy spherical concretions,

which increase rapidly, and as they join together, present

a crust of the thickness of an inch in a very few hours.

This coagulation only takes place when the .sea is calm.

Previous to that operation of nature, the sea smokes, like

burning turf-land ; and a fog or mist arises, cnlledyro*/-

smoke. This cutting mist frequently raises blisters on

the face and hands, and is very pernicious to tlie health.

It appears to consist of small particles of ice, and produces

the sensation of needles pricking the skin. The same

icy particles carried up by the wind, cause probably ano-

ther phenomenon which is frequently seen in winter round

the moon, a ring of light, or halo, called by the Green-

landers Ilhiparosek ; tliis ring appears at a great distance •

from the moon, and has a fine pearly lustre. It is seen

at a time when the horizon is quite clear, andevery star

may be distinguished. Mock suns are also very fre-

(juently secfl ia this cotmtiy, but only in winter. Id.'
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Aurora
DoreMis.

Meteors.

GTtenland. Januarj- ISO.O, jix were observed at the same time, all of
'"—'Y'"' a pale yellow" rolour. The remotest was paler than the

others.—Sec Halo.

Of all the phenomena peculiar to this country,

the aurora borealis is the most beautiful. It streams

here with peculiar lustre, ami with a variety of co-

lours, which, having great brilliancy, sometimes dart

their sportive fire, and fill the vfhole horizon with the

most beautiful tints of the rainbow. They are very

rarely observed in the north of the horizon, com-

monly in the east and in the zenith. They appear some-

times to stand very low, and then they are much agita-

ted, and a crashing and crackling sound is heard like

that of an electric spark, or of the falling hail. They

are more frequent and more powerful fiom the 60th to

the fiTtl) degree than in higher latitudes. The Green-

landers believe, that they are the souls of the deceased

fighting together in the air.

"'Another very curious optical phenomenon presents it-

self, partly in clear, partly in thin foggy weather. The
islands lying at a distance from the continent appear to

approach to the spectator, and to increase in size. They
Ibrm to the eye various and peculiar groups, very dif-

ferent from their proper shape. At other moments they

appear to hang in the air. If this phenomenon appears

with respect to the islands which lie in the south, south-

erly winds v/ill follow ; if the object be in the west, west-

erly winds may be expected. The winds decrease gene-

rally after sun-set.

Fire-balls are rarely seen in this country, although one

was observed in the year 1808, taking a direction from
north-west to south-east. The comet of 1 807 was first ob-

served on the 4th October, in the north-west ; and that of

1811 on the 4th September, in the north, and disappeared

the 14th January. Thunder is very seldom heard, but

sometimes flashes of lightning are seen. The air is ex-

tremely pure and light; the rains are not of long con-

tinuance ; and the heat, particularly in the islets, is asto-

nishing, being caused principally by the reflection of the

solar beams from the mountains. The saline particles ofthe
sea-water are frequently found crystallised on the shores.

In the month of July, the thermometer of Reaumur
rises in the shade to 24 degrees, (86° of Fahrenheit). The
moskitos (ciilex jnptens) are at that time as painful and
troublesome as in a southern climate.

The ice, which embariasses the polar regions, and dis-
turbs the navigation, is of different kinds, some of it being
of fresh water, some of salt water. The former is clear,

very hard, brittle, having an appearance entirely glassy,
and presenting sometimes colours of the finest pale emerald
green, or the brightest sky- blue ; when cut in pieces, thefrag-
ments are as sharp edged as those of rock crystal. The ice
of salt water has the appearance of frozen snow, is greyish
white, not transparent, and has generally a clammy cohe-
rency

; when very thin, it is flexible, to a certain degree,
under the step of a man. It coagidates in small spheroi-
dal particles; whereas that of fresh water presents rather
acicular and prismatic forms. The fresh-water ice forms
tremendous masses and mountains of difl^erent magni-
tudes, and wonderful shapes, sometimes rising more than
500 feet over the surface of the water. The salt ice oc-
curs always in flakes, called by the mariners ice fields,
sometnnes of many thousand fathoms in length and
breadth, divided by fissures, but following close to each
other. These flakes of driving ice are not found so large
in Davis Straitfc as between the east coast of Greenland

lee.

and Spitzbergen. The surface of the salt ice is gene- Gicenia:

rally covered with a crystalline crust, deposited by hoar ""^.•~'

frost or snow ; it has a mealy or sandy surface, and be-

comes brackish by the tides. The salt ice never forms

laro-e momitains. On the shores, however, where the sea

freezes, the mass becomes enlarged by the effect of the

tides, and by stormy weather, which breaks the ice, and

heaps it up.

Ice mountains are formed, during a series of j'ears, in Ice inou:

the inlets and bays, in valleys, or on precipitous rocks '*""'•

reaching to the sea. As they melt in .summer at the

base, where they are in contact with the rock, they get

rift; and at last, losing their points of support, they

plunge into the sea with a thundering noise ; an awful and
imposing spectacle, which may be seen in the Ice Bay,

near Disko island, particularly at the time of the tides.

These mountains very often enclose vegetable substances,

earth, and stones ; and are sometimes so large as to

reach to the bottom of the sea, a depth of more than 300
fathoms, until they lose somewhat of their mass, and
roll over. Immense masses of ice arc driven out from

the Ice Bay in the tides, at the time of high water, co-

vering the sea of Disko Bay, to a distance of many miles.

The driving ire which comes from Spitzbergen, is ge-

nerally seen at Cape Farewell in the month of May, set-,

ting over to the eastern coast of Davis Straits ; but it

returns again with south-west and west winds, filling all

the bays and inlets of the south of Greenland, and is

again thrown out from the land by the easterly winds.

This ice is always followed by impenetrable fogs ; a cir-

cumstance, which makes it much more dangerous to na-

vigators. The specific gravity of the ice depends upon

its density or porosity.

The floating timber, mostly pine, which comes with F'"**

the ice round Cape Farewell, affords great relief both to
""''*'•

the poor Grecnlanders and the European settlers. It

furnishes materials to the natives to roof their houses, to

support their tents, to strengthen their canoes, to shaft

their instruments, and to prepare their utensils. It sup-

plies the Europeans with building materials and fuel. It

is very difficult to say from what country these timbers

come ; undoubtedly iVom a very remote land, washed

away from shores covered with forests. The timber is al-

ways much injured, generally without bark or roots, and

great part of it is worm-eaten by the Pholas teredo, (Te-

redo navalis, Lin.) It is mostly found in the small bays

of those islands which are nearest to the open sea.

The continent of Greenland is surrounded by many
j^^,

thousand islands of different sizes, upon which the Green-

landers generally reside, on account of their good situa-

tion for sea-game. The continent of Greenland itself is

intersected by innumerable bays, inlets, and firths, many
of them 100 miles in length. Their direction is gene-

rally Asm solith-west to noith- east ; and some reach as

far as the tremendous glacier which covers uninternipt-

edly the middle of the continent, and separates the east

coast from the west. The connection of these firths with

the large continental ice causes the numerous ice-moun-

tains which plunge down in the summer, and are driven

by the currents into the open sea. The most remarkable I'irthi

of the firths are, 1. Tuimgliarbik, and 2. Iharcscksoak,

both in tlie COth degree of latitude ; these reach to the

glacier, and are generally full of floating ice. 3. Sermi-

liarsuk, the same firth or bay which is marked on the

charts with the name Forbisher or Frobisher Strait, but

falsely, as this bay extends to the great continental gla.
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ate.

cier, which surrounds it. 4. Baal's River, one of the
' largest firtlis, is diviilcd into several branches by Inrge

islands. 5. Ncnisufok, remarkable for its violint cur-

rents. 6. Sernii/ik, or Icefiord, a firth, which presents

the largest ice mountains on the whole coaat. It is

supposed to have been formerly a sound, which divided

the continent, but is now shut up by ice. 7. Omcnaks

Bay, called Si James Bay and Cornelius Bay on the

English and Dutch charts, which is the most extensive

firth on the whole coast, and contains more than twenty

islands. It is situated in the 71° of latitude, and in all

its different Irt-anches is connected with the large gla-

cier. 8. Kangerdhiarsursank, in Baffin's Bay, called

Horn's Sound on the charts, in the 74° of latitude, is

likewise a most dreadful firth, on account of its mon-
strous masses of ice. In the months of May and June,

the Oreenlanders visit the firths, to provide themselves

with a kind of small fish, the salmo arclicus, Fabricii,

(clupen vtUosa, Mulleri,) which visits the firths in mil-

lions at that season. They are dried in the sun on the

rocks, and used instead of bread. They are the prin-

cipal food of the seal in summer, and followed by them
in great numbers. Seals are also caught here.

The rivers are neither numerous nor large. They
can have but a small supply in that desolate region,

where the valleys are covered with eternal ice, which
does not melt frequently, and then only on the surface.

In the vallies between precipitous mountains, there are

occasionally very large lakes, which liave their origin

from tlie melting of the ice and snow on the mountains,

and are confined by the rocky bottom of the valley.

The springs and rivulets which come from the moun-
tains, rapid as they are in the spring, generally dry
up in summer. The inundation of these rivers in

the sjin'ng, makes the soil marshy, and produces good
vegetation on the shores of the firths. The old Nor-
wegians and Icelanders formerly made all their settle-

ments in such situations.

What are called sprijigs by the Greenlanders, fre-

quently consist only of ice-watar, forced out of its ao-

customed channels by the power of the waterfalls run-

ning through the ruins of destroyed rocks. There are,

however, some spring wells, one of which is very re-

markable from its rising and falling with the tide, al-

though it is situated more than 36 feet above the level

ofthe sea. Its water is not brackish, perhaps from the

circumstance of its being filtered in passing through a

bed of very fine sand. The most interesting is a warm
spring on the island Ounartok, which has a temperature

of 32" of Reaumur (104° Fahrenheit) at all seasons. It

is situated in the south-east of the coast, in the 6"0°.

T/ie streams or currents of ihe sea have an easterly

direction, and are in some places very rapitl and dan-
gerous, particularly during high tides. It is supposed,

that these currents are produced partly by the uneven-
ness of the bottom of tlie sea, and partly by the nume-
rous islands, which increase the rapidity of tlie currents

by diminishing their channels. I'he obstacles, which
rise from the bottom of the sea, may assist in producing
back currents and whirlpools. One of the most dan-
gerous whirlpools exists at the mouth of a firth, (called

by the natives Puiosortok,) in the south-east of Green-
land.

2Vie water of the sea near the shores, is less salt than
that at some distance from them, the former being al-

ways in contact and conmnmication with the ice-water.

The rising of the tides is very unequal, in consequence
of the number of islands through whicli the tide passes.
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They rise in the south (from 60* to 64* of N. L«t.) to OtetuUni.

eleven feet, and decrease gradually in the north of Davis '"^<'~*-'

Strait, (74°^ where they do not rise more than four mid
six feet. The highest flood is the third day after )iew
moon, and the third day after full moon. The Icefiord, or Tidtt.
Sermilik, in Disko Bay, has flood but no ebb. Oreen-
laiul, from its most southern point to its most northern
extremity, consists of insulated rocky mountains and
sharp acuminated cliffs, separattd by narrow valleys,

which .-ire rendered inaccessible by the glaciers. These
places never enjoy the rays of the sun, and are mostly
intersected by rapid torrents, which precipitate them-
selves from the mural cliffs of the mountains. Ice and
snow accumulate here in dreadfid ma.sses, and fill the
spaces with increasing devastation. Even the Green-
lajiders, so accustomed to the horrors of nature, call

some ol' these spots places of desolation. The water,
converted into ice, splits the rocks with mighty force,

which are precipitated from the summits ax ith thun-
dering noise in the summer, threatening death to the

wanderer. The mountains themselves are covered with
a mourning veil of black lichens, variegated here and
there with spots of crumbling snow, which, being dis-

solve<l by sun and rain, run in small torrents along the

precipice. The view of the valleys watered by the in-

lets and firths is more agreeable, and presents the entire

vegetation of that deserted country.

T/ie small islands which surround the continent, are Ulandf.

generally of a dillierent character, forming small round-
ish elevations or hills, the base of which is inhabited

by innumerable sea fowls, which breed there at the re-

turn of spring. The large islands are similar to the
continent, and consist of barren insurmountable rocks,

the valleys ofwhich are filled with eternal ice. Amongst
the largest, are particularly remarkable : 1st, Cape Fare-
well, called by the Greenlanders Kangckkyadiek, that

is, the cape running towards the west. The entire

island, which turns from west to east and south-east,

has the name Sermesok, or Iceland, its narrow and
dreadful valleys being always coveretl with ice. It has
very little low land, and is therefore very seldom vi-

sited in summer by the natives. No family lives there

in winter ; but the ruins of old houses on the west
side, shew that it was formerly inhabited. The most
eastern islands nearest to Sermesok, or Cape Farewell,

are Omenak and Kangersoak : The latter is called Staten-

huk by the navigators, and both are uninhabited. In the

east of Kangersoak, or Statenhuk, are more than 100
small islands called Kittiksorsoit. The Greenlamlers of
the neighbourhood visit these islands in the beginning
of spring, to procure seal game, which is there very

plentiful. The large islands, whicli form the pifomon-
tory of the southern coast, extend l-^' from the west to

the south, and are separated from the continent of
Greenland by a sound of five English miles in breadth,

c.'illed Ikarcseksoak, through which runs a very rapid

current. The sound is generally filled with immense
flat masses of floating ice, and innumerable ice moun-
tains, which are driven out from the inlets and firths of
thatcontinent. Many vessels have been beset in this float-

ing ice by currents from north-east, and have lieen lost

on the coast. From this, a scries of small islands bor-

der the continent as far as the 61" 21', where the eye
is terrified by another island, barren, precipitous, and
of consideildile extent. It presents so dreadful a view,

that the older navigjitors, altliongh accustomed to dan-

gers and terrors, called it the Cape tfDesolation. This

cape, which reaches far to the open sea o'f Davis Strait,

3«
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GteenUnd. is always intrenched by floating ice to a great distance.
^—~'—

' The island is called by the natives Nunarsoil, that is, a
U«nds.

gygjjj jjj„,l^ ^^j jg separated from the continent by a

narrow sound called Torsiikalek. It is uninhabited, and

even the Greenlanders but seldom visit it. There is no

island of importance between this place and the 64°,

where Baal's River falls into the ocean. This river, or

rather this firth, is one of the largest on the whole coast.

It extends 64 English miles to the interior of the conti-

nent, and then divides into two arms, one of which

runs towards the north-east, tlie other towards the

soutli-east. Both arms are bounded by the glacier. In

this firth are three large islands, Sermilsiak, Kikerlar-

soak, and Karosut, the first of which consists of one

large and high mountain, called Saddle by the Danes,

from its saddle-shaped top. It is seen at a distance of

30 leagues from the coast. Another large island (called

Omenak by the Greenlanders, and Kin of Saal, or Faal,

on the charts) is situated in the G5'', and being easily

distinguished by its conical form, which resembles a

sugar-loaf, it serves as a landmark to navigators. No
large island occurs until the 69'' 14', where the Island

Disko is situated. It is the largest on the whole coast,

its length from the north to the south occupying one de-

gree of latitude. It forms (with the continent) Disko

Bay, called Fish Bay on the charts, and is separated

from Greenland by a narrow strait called Waygat. It

is uninhabited, except by tlie Danish settlement called

Godhavn, which is established in Love Bay, or Lief de
Bay, for the purpose of whale fishing. To tlie north

of Disko is an island, which deserves to be noticed,

called by some navigators Haze, or Hazen Island, by
others Waygat Island ; and in the mouth of Cornelius

Bay is situated another, called Unknown Island. These
places are visited by the whale fishers in the month of
May. All the islands from the 71° northwards are

small, and generally marked on the charts with the
niime Vromen, or Women Islands. The height of the
mountains decreases gradually towards the north.

.\{iNE»ii.a. Mineralogy.—The accumulation of the ice having
Of- rendered the interior of Greenland totally inaccessible,

J it can only be examined on different parts of the coast

;

and the promontory Cape Farewell, which is its most
southern point, presents to the eye immense groups of
precipitous mountain masses, insulated, barren and na-
ked, sharp-pointed at the top, gi-eatly decomposed at the
surface, and cleft by the action of the snows and the ice.

These rocks are intersected by narrow valleys, where
inimei . broken and scattered masses are borne along
by irresistible currents, and carried immediately to the
shores, where there is no low land to intercept their

1. Granite, course^ The Granite of this island is fine granular, con-
sisting of pearl white felspar, greyish black mica, and
very little quartz of an ash grey colour. The whole
rork is very much ironshot, and disintegrated At the
foot of the granite rocks occur beds of common quartz
of a milk white colour, (not milk quartz,) and flesh red
felspar, with small crysUls of moroxite, (foliated or com-
mon apatite). In another place are found flesh red fel-
spar, with little quartz, common hornblende, magnetic
iron-stone, and gadolinite, crystallized in longish four-
sided pyramids. A bed on the east side ofthis promonto-
ry, contains garnets in a fine granular greyish white rock,
very much resembling the rock of Namiest in Moravia,
called by Werner weiss-stein, (white stone); but the
crystals of garnet here are larger, and perfect dodecahe-
drons. The granite extends from Cape Farewell to the
east and south-east of the coast, viz. over the islands of
•S'taatcn-huck and Kakasoeitsiak, Alluck, and Cape Dis.

6

Allanite,
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cord, to a distance of more than 400 miles. Gneiss and GreeiUanii

mica slate lie upon it at Kippingajak, both rocks con- —Y"»
taining garnets. Talc slate forms a large bed in it at

Akajarosanik, along with actynolite, which occurs in

large masses. Near the coast of Akajarosanik, is the

small island called Kakasoeitsiak. It consists of one
hill, formed of a granitic rock, mi.xed with some
horn-blende, slender crystals of zirkon, and the new
mineral called AUanile. (See Edin. Trans, vol. vi.

p. 371.) The rock here assumes the character of

the Norwegian zirkon-syenite ; but its constituent

parts are of a finer grain. All the granitic mountains
of the islands of Staaten-huck and Cape Farewell, are

surrounded by numerous very small islands, presenting

round-backed or flat conical low hills of primitive sye-

nite. To the west of Cape Farewell, at a place called

Niakornak, is a very extensive bed of yellowish white
felspar, crystallized in large flat six-sided prisms, the
crystals being only separated by black mica, which
gives to tiie rock a porphyritic appearance. The place

is very difficultly accessible, it being harassed perpetu-
ally by tlie most boisterous sea, and washed by the tide

at higli water. Not far from this, at an elevation of
about 1000 feet, the granite is divided into immense
columnar or quadrangular pieces, which, seen from a
distance, present an appearance similar to the ruins of
a town. The Greenlanders state, that the masses were
carried thither by some giants, who inhabited the coun-
try in tiie oldest times, and, having been sorcerers, dis-

appeared from the earth.

As granite is the principal rock which constitutes the

mountains of this vast coast, to enumerate all the places

where it is found would exceed the limits of such an
article as the present. Its most common colour is grey-

ish white, flesh-red, and tile-red : the latter colours are

characteristic of the coarse granular felspar. Magnetic
iron ore is generally found either disseminated or im-
bedded in the red variety. In some places, molybdena
occurs, and in others graphite imbedded in the rock.

At Baal's river and at Disko island, iron pyrites is

found ; but, excepting there, the rock is not very metal-

liferous. Precious garnet occurs very frequently ; also

common schorl, tourmaline, common hornblende, jade,

rock crystal, moroxite, calcareous spar,fluor spar, and the

above mentioned substances. Rock crystal is only found
in veins traversing the red coarse granular variety, and
appears to be contemporaneous, the vein being inti-

mately mingled with the rock, and presenting no walls.

Beds of hornblende slate, mica slate, felspar, and quartz

rest upon it ; and on the red coarse granular granite at

Kogneckpamiedluoek, there is an extensive bed of red

ironstone mingled with massive iron-flint (eisenkiesel

of Werner.) At the end of the north-eastern arm of

Baal's river, in the vicinity of the great continental ice,

the traveller, -ascending from a narrow cliff, suddenly

beholds a dreadful chaos of immense columnar granitic

blocks detached from each other, and heaped together

in the most fantastic groups, the planes of fracture be-

ing so fresh, that the points from which they are bro-

ken are distinctly observable. Places of desolation and
devastation of this kind are very frequently met with
in the mountains of Greenland. Most of the granitic

rocks affect the needle.

2. The next rock, which forms numerous mountains

in this country, is Gneiss. It occurs very often alter-

nating with granite, sometimes with mica slate. Its

character er texture may be ascertained partly in the

cliffs and on the shores, partly by the forms of the

mountains. The granitic mouatains ai^e always more
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Yeenlnnd. decomposed, and therefore mare precipitous, present-

ing very sharp-edged summits : the summits of the

ffiieiss are more flat and round-backed. The texture

of the gneiss is thick and thin slaty ; its felspar gene-
rally pearl-grey and pearl-white, seldom flesh-red, fine

graindar : its mica grey, pinchbeck-brown, and black-

ish brown : it contains but little ash-grey quartz. The
valleys and clefts round the mountains are filled with
rhomboidal fragments, many of them of immense size.

Tiie smaller fragments were used by the old Norwegians,
with mica slate, hornblende slaty, and slaty claystone, to

build their houses ; the walls of which, although not

cemented, after a lapse of several centuries, still brave
the power of this destructive climate.

Gneiss constitutes one of the most elevated points of
this extensive coast, viz. the mountain Kingiklorsoak,

situated in the C2d degree of latitude. It is covered
with mica slate from the shore to a heighth of about
1000 feet above the level of the sea, where the gneiss

again becomes visible, and continues to a heiglith of
nearly 3000 feet. The top of this mountain is similar

in shape to the roof of a house, where the ridge is not
much elevated. It is entirely free from snow in summer,
except a few small spots, where it rests in the hollows
of its summit.
The mica slate resting upon the gneiss presents a va-

riety of beds of hornblende slate, M'hitestone, (weiss-

stein) with small garnets, talc-slate, with common and
indurated talc, potstone, actynolite, and precious splin-

tery serpentine. The gneiss is traversed with nume-
rous veins of greenstone, varying in thickness from one
inch to six feet. The greenstone which occurs in the
veins resembles basalt ; but it is more crystalline in its

texture, lighter in its colour, and not quite so hard.

Common schorl, tourmaline, and precious garnet, oc-

cur imbedded in gneiss. It contains veins of tinstone,

accompanied by arsenical pyrites, wolfram, fluor, and
quartz, in a firth, called Arksat, situated about thirty

leagues from the colony of Juliana-Hope, towards north-

east. The same place is remarkable for two thin layers

of cryolite resting upon gneiss ; and it is the only place

where this mineral has hitherto been found. One of
these layers contains the snow white and greyish white
variety, immixed with any other mineral. Its thick-

ness varies from one foot to two feet and a half, and it

is divided from the underlying gneiss by a thin layer of
mica, always in a state of dismtegration. The other
variety is of a yellowish brown colour passing into tile-

red. It occurs along with iron pyrites, liver-brown
sparry iron ore crystallised in rhombs, earthy cryolite,

quartz, compact and foliated fluor, earthy fluor, and
galena. It is remarkable, that the galena is sometimes
coated with a greyish white sulphureous crust, which
burns in the flame of a candle with a bluish colour,

emitting a sulphureous smell. •

These layers of cryolite are situated very near each
other, only separated by a small ridge of gneiss, of a
thickness of 27 feet : both are washed at high water by
the tide, and for the most part exposed, . the superin-
cumbent gneiss having been removed. The white cry-
olite, seen at a distance, presents the appearance of a
small layer of ice; small detached fragments have ac-
quired, from decomposition, the shape of cubes. This
mineral is called by the Greenlanders orsuksikswl, from
the word orksuk, blubber, to which it bears some re-

semblance. The same name is also given by the na-
tives to white calcareous spar.

S. Mica Slate is likewise one of the most common
rocks in Greenland, and an inseparable companion of

Sodalite. a
new mine-
raL

gneiss : There are very few instances where they are GrftnUini.

not found in the vicinity of each other, and frequently ^""V™*
in contact. Mica slate forms in this country a very ex-

tensive series of insulated mountains, which never rise

to a considerable height, and appear generally to rest

upon gneiss. Mica slate is frequently visible on the
shores, and the gneiss itself forms also very extensive

beds in it at Disko bay, where the white-stone also oc-

curs in beds. The Greenlandish mica slate abounds in

mica ; it is generally thin-slaty, and only thick-slaty

when the quartz prevails. Sometimes it has an undu-
lating aspect ; but when this is the case, it passes into

primitive clay slate. The mica of this mica slate i«

mostly greyish-black and pinchbeck-brown, p.xssing in-

to brownish-black, seldom silver-white. Its quartz is

pearl-grey. It is sometimes mingled with nodules of

pearl-grey felspar, from the size of a pea to that of an
orange, and this gives it the appearance of gneiss ; but
they may be easily and accurately distinguished, as the

mica-slate presents a surface perfectly continuous, and
easily separable in the direction of the plates of the

mica. The strata dip towards north-west. Mica slate

also occurs in beds in various parts of this country. One
of the most remarkable, most interesting, and most
extensive, is that in the firth Kangerdluarsuk, in the

6lst degree of latitude, in the district of Juliana- Hope.
It extends about five miles in length, and four miles in

breadth ; its thickness varies from six to twelve feet

;

and it contains, besides felspar, which is its principal

constituent part, hornblende augite, actinolite, sahlite,

garnet, and that new mineral which has been analysed

by Dr Thomson and Professor Eckeberg, called Soda-

lile. It is of pale apple-green, leek-green, greenish

white, and pearl-grey colour, partly massive, partly

crystallise<l. Another mineral, which has not yet been Another

analysed, occurs also with the sodalite : it is of a peach- new mine-

blossom red and purple-red colour. On the shore, the '»!•

underlying gneiss is visible in several places. In the

superincumbent mica slate, granite is found of very

fine texture, partly disseminated, partly imbedded.

Calcareous spar and fluor occur in veins, both of which

are sometimes coated with a thin crust of chalcedony,

also galena in .small veins. Blue phosphate of iron in

detached pieces is found on the shores. The mica slate

is generally decomposed and iron-shot, where the gra-

phite is imbedded. In the firth of Arksat, a bed of

very fine granular limestone is found in mica slate,

which resembles the Carrara marble. The beds which

occur in this rock on the mountain Kergiktorsoak have

been already mentioned. Hornblende slate, foi-ming

beds in mica slate, is found in many places.

In the 64-th degree of latitude, in a firth called Ame-
raglik, in the south of the Danish colony Godthaab,

(Goodhope,) a variety of mica slate is found, which pas-

ses into talc slate, forming a very small layer in coarse

granular granite. It is very remarkable, on account

of the large groups of tourmaline which occur, imbed-

ded or rather involved in talcose mica; and which are

the largest crystals of this fine mineral that have been

met with. At the end of the same firth, at Auaitsirk-

sarbick, in the neighbourhood of the great continental

glacier, the finest garnets are found. They are of a

lamellar texture, and surpass the oriental specimens in

colour, lustre, and hardness. At the same place, dich-

roite and hyperstcne of a beautiful blue colour occur,

along with precious garnet, in decomposed mica slate.

All the lower mountains from the 6iSth to the Tlst de-

gree of north latitude, and particularly all the mountAins

of the continent forming Disko-bay, with the greatest
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Oreenland. part of the adjacent islamls, are composed ofmica slate.

''^"y"^^ There is scarcely a square mile wlicre the rock is en-

tirely free from garnets. A large mountain in Omenaks
firth, called Sedliarustet, presents on its surface only

the powder of mica slate, and fragments of precious

garnet. From the appearance of this powder, it is pro-

bable that the rock formerly contained great masses of

imbedded iron pyrites. No snow rests on the surface

of this mountain in the coldest winter. The fragments

of precious garnet which are found here, when clear,

are the most highly prized of any on the coast. Other

minerals which are found in mica-slate in Greenland,

are, emery, on the island Kikertarsoeitsi;di, in South

Greenland ;
granatite, on the island Manetsok ; mor-

oxite, in very large six-sided prisms, at Sungangarsok,

in North Greenland; and dichroite, in six-sided prisms,

on the island Ujordlersoak, in the 76th degree of N. lati-

tude. Except iron pyrites, copper pyrites, and galena,

no metal occurs in this rock.

Wkile-stone, (Weiss-stein,) which has lately been de-

termined by Werner, appears to belong to this rock.

It presents a white and greyish-white granular appear-

ance, which was formerly supposed to be compact or

granular felspar. It is in this country characterised by

very small and minute crystals of garnet disseminated

through the whole mass. Here it is found in layers of

inconsiderable extent, resting on mica slate, very seldom

on gneiss. It is also found in detached pieces.

4. Clay Slatk. is very seldom met with on this coast,

and consequentlj' the different beds which are charac-

teristic of this rock, viz. flint-slate, lydian- stone, alum-

slate, but rarely occur. Nevertheless, at the mouth of

the firth Arksut it forms two islands of some import-

ance called Arksut and Ujorbik. The colour of the

slate is ash-grey and bluish-grey ; its fragments pre-

sent a double cleavage, and it is traversed in all direc-

tions by numerous veins of massive and crystallized

quartz, massive hornstone, and sparry iron ore of an
Isabella yellow colour. An extensive bed of flinty-slate

and lydian-stone rests upon it on the east side of the
island Ujorbik. In Ameraglikfiord, in the 65" 4', there

is a small island, where the clay-slate forms small lay-

ers in fine-grained granite, fine cubes of iron pyrites,

with various truncations, occur in this slate, which is

greatly decomposed. Some small islands in the south-
east of Disko bay consist of clay-slate, with a variety of
small beds and layers, viz. very ironshot hornbleiide-
slate with small garnets, whet-slate, granular horn-
blende and greenstone. This clay-slate may perhaps
belong to the class denominated transition rocks.

5. Porphyry is very common in the south of Green-
land, from Cape Farewell to the 64th degree of latitude;

but it is generally found towards the interior of the con-
tinent, forming insulated rocks. In the interior of the
firth Igalikko, at AkuUiaraseksoak, hornstone-porphy-
ry is found, very distinctly stratified, and resting upon
fine-grained granite, contaming large crystals ofreddish-
white, flesh-red, and tile-red felspar, and another mine-
ral of a taU-ose appearance, crystallised in six-sided
prisms, and hitherto unknown. The mass of the por-
phyry is brownish-red, and passes in some places into
clay-stone, ferming clay-stone porphyry, the crystals
then becoming less distinct. Hornstone porphyry, with
a few very small crystals of felspar, occurs also in an ad-
jacent firth called Tunugliarbik. This rock rests upon
old red sandstone. The porphyry is very much decom-
posed. It is of a brown-red colour, and called by the
natives aukp:idlrlok, that is, blood-red rock. It con-
taiiu small layers of a kind of brown-red iron ochre,

rorphy-

New mine-

which the Greenlanders use as a dyeing material, to em- GreenldnSi

bellish their utensils, and the interior of their houses ; a
^—
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species of luxury they have learned from the Europeans.

6. Syenite, and all the porphyritic rocks belonging to ^' Syenite.

the primitive and transition trap-formation, are found

in great abundance in this country. Hornblende is a

mineral which occurs almost every where. A kind of

coarse granular syenite, composed of coarse granular

Labrador-felspar, and crystallized common hornblende,

rests upon fine grained granite at the mountain Illejii-

tit, or Redekammen, in the 6 1st degree of latitude, in

the neighbourhood of that extensive bed of sodalite,

sahlite, and hornblende, which has been already men-
tioned before. This Labrador-syenite occurs also at

the mountain Kognek, in the (32d degree, upon gra-

nite of a coarser grain. In the vicinity of the mountain
Kognek, is a group of more than 50 islands, lying in

a western direction, in Davis Strait, and called by the

natives Kittiksut, from kitta, west. These islands form
round-backed low hills, and consist of common felspar,

of yellowish-brown and leek-green colours, and common
hornblende of raven-black, and sometimes velvet-black

colour, accompanied by small four-sided prismatic crys-

tals of zirkon of red-brown, and purple-red colour, with
fine-grained common magnetic iron-stone interspersed,

and very little black mica. In some parts of the rock
allanite occurs, of a pitch black colour. The rocks are

somewhat ironshot, and disintegrated on their surface.

Titanium iron ore is found in small layers, and fine gra-

nular chromate of iron. The rock itself has a striking re-

semblance to the zirkon-syenite, found atFriedrichswaern

and other places in Norway, and described by Von
Buch, Esmark, and Hausmann. The neighbouring
mountains have no trace of that rock. At Narksak in

the vicinity of Baal's river, brown titanite, or brunon, is

found disseminated in syenite.

Granular porphyritic syenite is found at Nunarsoit,

(Cape of Desolation.) Its stratification is not very dis-

tinct. It contains very extensive beds of coarse grained,

tile-red felspar, and common magnetic iron-stone.

7. Primitive Trap. {Greenstone.') The islands which 7, Ptimiiii

lie between the G^" and 63" of latitude, present a very trap,

complete series of the rocks that belong to the primitive

trap formation. The greenstone first appears at Sakkak
and Ujorbik in the mouth of Arksuts-fiord, where clay-

slate predominates, and extends from those islands to-

wards the east, that is, to the continent of Greenland,
alternating with greenstone of a porphyritic structure,

[porphi/rartiger grunsteiii of Werner, ) and green por-

phyry or verde aniico. Another rock of slaty texture,

consisting of compact felspar and hornblende, appears

to be intermediate between hornblende slate and green-

stone slate ; it is here the only rock which presents very

distinct stratification. The greenstone slate covers un-
interruptedly both the greenstone and the green por-

phyry, and appears to belong to the transition green-

stone formation; and perhaps the whole formation

should be referred to it. It probably extends farther

to the interior of the continent, as the fragments which
are thrown out from the continental ice have an ap-

pearance exactly similar. Variolite is found there in

small roundish rolled pieces. The greenstone, alter-

nating with syenite, is found upon gneiss and mica
slate, on the large island Nunarsoit.

8. Primitive Limestone, of fine granular texture, is 8. Ptimin

found only in beds and rolled pieces, and occurs very sel- limestone,

dom in Greenland. Its beds are confined to gneiss and
mica slate, and it is mingled with minute leaves of silver-

white mica, seldom with grains of quartz. It is genQ«
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rally accompanied by tremolitr, asbestos, actytiolite,

sahlite, and seldom with ro<-k-cork. Thus situatetl, it

occurs at the island Akudlek, at the island Manetsok,

at Kakarsoit and Kangeiluluk, mountains in the vici-

nity of Jakobs-havn and ('hristians-haab, in Diskoliay.

It is very surprising, that no vestige of fltetz-limcstone

is founil on tliis vast coast, nor does any petriCaction

occur there. Very distinct impressions of the saliiio

arcticKs, with its bones very little altered, occur in de-

tached pieces on the alluvial land, which are forming

daily. In the uppermost sand- stone, which belongs to

the brown coal of the Huet;! trap formation, fragments of

peclen Islnndicus are found, which have undergone but

little ultcrntioii.

The floetz trap formation of Greenland, is perliaps

the most exttnsive that has yet been discovered. It

begins at the (><)' \V of latitude, occupies the large

island Disko, and the eastern coiist of the Waygat, from
Niakornak, on the northern cape of Arve-priuz island,

round the Cape Noursoak, as far as the end of the

southern coast of Cornelius Bay, where it reaches the

great continental glacier. Hare island in the north of
Di>ko island, Unknown island in the mouth of Corne-
lius bay, the islands Kakiliseit in the north of the lat-

ter, and many other northern islands, consist entirely

of flcEtz trap. From thence it extends over a part of the

continental cojist of Greenland, viz. London-coast, Svar-

tenhuk, Ekalluit, Kangersoeitsiak, Karsorsoak, and dis-

appears in the Tbth degree under the most northern
continental ice, or glacier, which precludes all further

investigation.

The whole flcetz trap formation of Greenland, as far

as it has been examined, rests on gneiss or on mica
slate, these rocks alternating continually. The under-
lying primitive rocks, as well as the superincumbent
floetz trap, are always somewhat decomposed, wliere

they come in contact. Trap-tuff generally rests imme-
diately upon the primitive rock; it consists of balls and
nodules of basalt and wacke, joined together by a ce-

ment of the same substance ; the centre of the balls

and nodules is very often filled with mesotype, blended
with massive or crystallized apophyllite, the crystals

of which are sometimes penetrated by acicular meso-
type. This trap-tuff scarcely presents another mine-
ral, and the apophyllite, or ichthyophthalmite, does not
occur there in any other rock. The underlying primi-

tive rock is very variable in its elevations, sometimes it

does not surpass the level of the sea, sometimes, (for in-

stance, at Godhavn,) it reaches a height of from 500 to

{)00 feet, wiiich can be observed very exactly in the clifis

there. Colunmar basalt lies upon trap-tuff; it presents

four, five, and seven-sided columnar distinct concretions;

the columns very seldom exceed a foot in diameter.

This basalt docs not include any mineral except some-
times very minute spots of greyish white glassy felspar.

Wacke generally rests upon it, forming an amygdaloid
with diilerent minerals, viz. chabasite, stilbite, analcime,
chalcedony, opal, heliotrope, quartz, zeolite, miemite,
and basillar arragonite. At Hare island the chalcedo-
ny is found crystallized in cubes. At Kannioak, in
Omenaks- fiord, miemite occurs in kidneys, along with
chalcedony, op;d, wavellite, arragonite, and some quartz
in grey decom[)osed wacke. The wacke of the floetz

trap formation of this country is generally intersected

by small veins of iron-clay and bole. Lithomarge and
green earth occur in nodules. Olivine and augite are
but seldom met with in the floetz trap of Greenland.
Laumtmite, in a friable state, is found in very small-

veins, traversing wacke at Sergvarsoit, on the northern
toast of Disko island. Most, of the Greenlandish ba-

salt affects the needle very powerfully. There arc ge- deenUad.

nerally two, and sometimes three strata of columnar '"'Y'™^

basalt, and one of them forms tlie mmmit, except at

Hare island, where the summit consists of porphyry
slate resting upon wacke. The shape *-f the moun-
tains is very various, some of them present pyramidHl,

some conical forms, and some are entirely flat : Their

stratification is very nearly horizontal, and the valleys

between the mountains are generally narrow. There
is no doubt that some of the mountain.^ have l)een se-

parated by very recent eruptions of rapid torrents.

On some parts of Disko island beds of brown coal

occur in floetz trap : they rest upon yellowish-white CoJ.

coarse-gi-ained sandstone, which is very friable ;—large

balls of iron pyrites are imbedded in it. The be<ls of

coal are generally divided from each other by strata of

fine-grained satidstone, and are of very unequal thick-

ness. In some places of the east coast of Disko island,

in the Waygat, the sandstone becomes harder, and car-

bonized impressions of leaves are found in it, which are

similar to those of sorbus and angelica.

The coal of Disko island is common brown coal, of

slaty texture : it burns very easily, but it leaves a great

residuum in the form of white ashes, which have a

slaty texture, and somewhat resemble the polishing

slate from Bilin in Bohemia. A very remarkable va-

riety of brown coal, passing into bituminous wood, oc-

curs in a small bed at Hare island. It is of slaty tex-

ture ; and honey-yellow amber, in numerou? grains of

various sizes, is disseminated parallel to the cleavage of

tlie coal. It rests upon ash-grey coarse-grained sand-

stone, is covered with grey common clay, arid belongs

undoubtedly to the newest brown coal formation. At
Koome, in Omenaks-fiord, native capillary and fibrous

sulphate of iron, of a beautiful green colour, is found

in the cliffs of the brown coaL All the Gteenland coal

is subordinate to floetz trap.

Alluvial land has been formed at the end of every Alluvia

bay and firth of the coast, and, in addition to grey and '""'•

greyish-white sandy clay, it contains fragments of the

neighbouring mountains. This formation is daily in-

creasing, and contains no metallic substance, except

magnetic iron sand, with which it generally abounds.

BoTAN V.—Although Greenland affords a great variety BotaKt»

of objects to the mineralogist, yet it offers but few to the

botanist, when compared with other countries, the first

efforts towards vegetation being repressed by the bar-

renness of tlie soil, and the want of the sun's genial

inf.uence. Those shrubs and trees, therefore, which in

milder climates afford a comfortable shade to the wan-
derer, creep in this forlorn land under scattered rock«,

to find shelter from their destroying enemies,—storm,

snow, an<l ice. This land, however, presents a series

of plants, which probably could not subsist in a milder

climate ; and in the interior of the inlets and firths may
be found many species hitherto unknown in other coun-

tries. Some of the new species are published in the last

number of the Flora Danica. There are also other spots

which boast the most luxuriant verdure, but they are on-

ly places in the neighbourhod of the Greenland houses,

which have been improved for many years by the blood

and fat of seals and other animals. There are also

small hills on the uninhabited islands, where the birds

build their nests, and manuring the decomposed rocks,

extort vegetation to their abode from the unfertile soil.

These places, however, are but of rare occurrence, in

proportion to the immense extent of the coimtry. In-

numerable cryptogamic plants, growing with great ra-

pidity under snow and ice, supply the want of flourislti

ing vegetation on the rocks and cliffs.
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Greailand. The vegetation commences very late, not till the

^"•'Y""' end of May or June, in proiwrtion to the different la-

titudes, and is over by the end of August or Septem-

ber. The bottom of the sea in these climates appears

to be better suited to vegetation than the surface of Sreenk;

the land; there is a great variety of fuci, ulvcc, and —v^
confervap. The plants which have been hitherto found, ^^"'^ *''

are,- ™'''"'"^''

Flora Gro-

enbuidica.

I. MoVANDBIA.
Hippuris vulgaris. Lin. Very sel-

dom; only in the 60°.

II. Dtandhia.
Veronica alpina. L.

saxatilis. L.

Pinguicula vulgaris. L.
Anthoxanthum odoratum. L.

III. TniANDKIA.
Scirpus oespitosus. L.

Eriophorum vaginatum. L.
capitatum.

angustifolium.

latifoHum.

polystachiura. L.
Phleum arcticura. Vahlii.

Alopecurus antarcticus.

Aerostis arundinacea. L.
Aira subspicata.

Festuca ovina. L.

rubra. L.
Arundo stricta. Timmii.
Elymus arenarius. L.

Koenigia islandica.

IV. Tetrandria.
Alchemilla montana.

alpina.

Plantago. (Nova Species.) Only
in the 60°.

V. Pentandria.
Pulmonaria maritiraa. L.
Diapensia lapponica. L.
Primula farinosa. L. (Varietas.)

Menyanthes trifoliata. L.
Azalea procumbens. L.

lapponica. L.
Campanula rotundifolia. L.

uniflora.

Gentiana lutea. L.
Angelica archangehca. L. Eaten

raw by the Greenlanders, and as

pickle with oil.

Ligustiaim Scoticum. Only found
to the 67°.

Alsine media. L.
Staticc armeria. L.
Sibbaldia procumbens. L,

VI. Hexandria.
Juncus arcticus. Wildenow.

campestris. Wahlenberg.
pallescens. Wahlenberg.
parviflorus. L.
pilosus. Wahlenberg.
spicatus. L.
trifidus. L.

"Tofieldia borealis. Walilcnberg.
(Anthericum caliculatimi. I..)

Tofieldia alpina.

Bimiex acetosa. L.

Rumex acetosella. L.

Rumex digynus. L. Rheum digy-

num. Wahlenberg.
An Uvularia amplexifolia, seu Strep-.

topus ?

VII. Heptandria.

VIII. OcTANDRIA.
Epilobium angustifolium. L.

latifolium. L.

alpinum.

fontanum. Wahlenberg.

Vaccinium vitis idaea. L.
uliginosum. L.
pubescens.

Erica vulgaris. L.

If it flourishes plentifully, the

Greenlanders suppose that the

following winter will be very
severe.

Erica ccerulea. Wildenow.
Polygonum aviculare. L.

latifolium.

viviparum. L.

The root is eaten raw by the na-

tives.

IX. Enneandria.
Rheum digynum. Wahlenberg. (Vide

Rumex digynus. L.)

X. Decandria.
Ledum palustre. L.

groenlandicum. Retzii ?

latifolium. Aiton.

Andromeda hypnoides. L.

ccerulea. L. (v. Erica

coerulea and Menzie-
sia coerulea.)

tetragona. L.
polyfolia. L.

Pyrola rotundifolia. L.
uniflora.

secunda. The leaves are eat-

en by the natives, and also

used as tea.

Saxifraga cotyledon. L.
stellaris.

nivalis. Smith,

palmata. Smith,

oppositifolia.

bulbifera. L.
cernua. L.
rivularis. L.
cacspitosa. L.
groenlandica.

hypnoides.

tricuspidata. L.—It grows
to the height of one foot;

and the leaves are used
as tea by the natives.

Saxifraga petraea.

Silene acaulis. L.—Eaten, mixed
with oil, by the Greenlanders.

Stellaria groenlandica. Vahlii.

glauca. Wither,
humifusa. Rotboll,

cerastoides. L.
Arenaria peploides. L.

peploides (varietas)

trinervia.

Sedum annuum. h.
Oxalis acetosella. L.

Lychnis alpina. L.
varietas flore albo.

Cerastium alpinum. L.

hirsutum. Valilii.

viscosum. L.
latifolium. L.

XI. DODECANDRIA.

XII. Icosandhia.
Sorbus aucuparia. L. This tree is

only found in the form of small
shrubs, to the 6l°, in the interior

of some firths, and was probably
brought to Greenland by the old

Norwegians or Icelanders.

Rubus chamcemorus. L.
Potentilla aurea. L.

hirsuta. Vahlii.

nivea. L,

retusa.

Dryas octopetala.

integrifolia.

Comarum palustre. L.

XIII. Poltandria.
Papaver nudicaule. L.

radicatum. Rotboll.

Thalictrum alpinum. L.
Ranunculus acris. L.

hederaceo proximus.
nivalis.

sulphureus. Wahlen-
berg.

pygmasus. Wahlenberg.
Anemone pratensis. L. Rarely in

the 60°.

Helleborus trifoHatus. L.

Anemone groenlandica.

XIV. Didynamia.
Ajuga pjrramidalis. Only in the

60th degree.

Thymus serpyllum. L. Only to the

66° of latitude ; it is used as tea

by the natives.

Bartsia alpina. L.
Rhinanthus crista galH. L.
Euphrasia officinalis. L. Very small,

Pedicularis groenlandica.

flammea.
hirsuta.

lapponica.

Nova Species (Flora Da-
tiica.)
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Druba alpina. L.

hirta, L.

aiulrosacea. Wildenow.
alpicola. Wahlenberg.

incana. L.

muricella. Walilcnberg.

Nova Species. Now publish-

ed in the Flora Danica.

Erysimum officinale. L.

Arabis alpina. L.

XVI. MONADELPHIA.

XVII. DiADELPHIA.
Lathyrus pratensis. Only about the

firths of 60".

Vicia cracca. Only in the vicinity of

Cape FarewelL

XVIII. POLYADBLPHIA.

XIX. Syngenesia.
Leontodon taraxacum. L. The
young roots are eaten by the na-

tives raw, and the young leaves as

sallad with train oil.

Hieracium alpinum. L.
murorum. L.

Artemisia. Nova species.

An engraving of this species will

soon be published in the Flora

Danica,

Gnaphalium alpinum. L.
sylvaticum, fuscatum.

Walilenberg.

Frigeron uniflorum. L.

Pyrethrum inodorum. Wildenow.

Arnica alpina. L.

angustifolia. Vahlii.

Achillea millefolium. L. Used by
the Greenlanders as a. remedy for

old sores.

T Both of these

... , T I arefoundon-
Viola camna. L. I

, tout the
palustris. L. f /^^^ ^^ g^^

J and 61°.

XX. Gynandhia.
Orchis albida. Swartz.

groenlandica. Species Nova.
(Vide Flora Danica.)

XXI. MoNSCIA.
Carex dioica. L.

atrata.

bracteata.

csespitosa.

stricta.

Xiitithium strumarium. L. Only
found in the garden of the Mora-
vian Brethren at Lichtenau, in the

firth Agluitsok, near Cape Fare-

well, in the 60', probably sent

from Europe amongst other seeds.

Betula alba. L.

nana,

alnus pumila.

GREENLAND.
XXII, Dkecia.

Salix inyrsinites. L.

glauca. B. Lapponum. L.
Iierbacea, L.
reticulata. L.
lanata. L.
lapponica. L.
livida. Wahlenberg.
affinis versifo'ise, Wahlenberg.

Empetrum nigrum. The fruit eager.

ly eaten by tlie natives.

Rhodiola rosea. L. It only reaches

the 65 " of latitude. Both the root

and the leaves are eaten by the

natives, the former raw, the latter

with train oil.

Juniperus communis. L. It only
reaches the 66° of latitude.

XXIII. PoLYGAMIA.
Holcus alpinus. Wahlenberg.

XXIV. Cryptooamia.
1. Filiccs. (Ferns.)

Equisetum arvense. L.
sylvaticum. L.
reptans. Wahlenberg.
Nova Species.

(
Fhra

Danica.)
Osmunda lunaria. L.

spicant. L.
Aspidium filix mas. L.

filix femina. L.
dilatatum.

fragile. Swartz.
varietas fragilis. Swartz.
spinulosum. Wildenow.
lonchitis. L.

Cyathea dentata. Smith.

Woodsia Brownii,(vid. Linn. Trans.)

groenlandica. {Nova SpC'
cies.

)

Asplenium septentrionale.

Lycopodium selago. L.
selaginoides.

alpinum. L.
annotinum. L,

Polypodium vulgare. L.
ilvense. Swartz.

phegopteris.

lonchitis. L.
2. Miisci.

a. Frondosi.

Sphagnum squarrosum.

obtusifolium.

Gymnostomum acstivum.

truncatulum.

Dicranum purpureum.
scoparium.

flexuosum.

undulatum.
tenue. {Nova Species ex-

amined by Dr Taylor,

at Dublin.)

groenlandicura. ( Nora
Species examined by
Dr Taylor, at Dublin.)

Didymodon capiltaceum.

Ormuniamaritima. (Very common
on the whole coast.)
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Grinmiia apocarpa.

Trichostomum canescens.

lanuginosum.

Splaclmum urceolatum.

rubrum.
vasculosum,

mnioides.

Syntrichia ruralis.

subulata.

Polytrichum piliforme.

juniperinum.
alpinum.

septentrionale. •

sabrotundom.
Orthotrichum striatum.

anomalum.
Mnium turgidum. Vulgatissimum,

locis paludosis.

Bryum nutans.

pseudotriquetrum.

crudum.
csespititium.

argenteum.
turbinatum.

Bryum? straminifolimn.

Jrtictus deerat. T.
Bryum ? epidendrum.

Jructus deerat. T.
Leskea incurvata.

Hypnum nitens.

aduncum.
uncinatum.
rutabulum.
rugosum.
schreberi.

cupressiforme.

fluitans.

stramineum.
moUe.
loreum.
splendens.

cuspidatum.

filicinum.

cordifolium.

scorpioides.

palustre.

Hypnum? cochlearifolium. T.

Bartramia fontana.

ithyphylla.

Fontinalis squamosa.

Funaria hygrometrica.

Buxbaumia foliosa.

b. Miisci kepatici.

Jangenanannia pulcherrima

excisa.

dilatata.

tamarisci.

ciliaris.

pinguis.

Marchantia hemispherica.

Blasia pusilla.

3. Lichencs.

Lecidea sanguinaria.

fusco-lutea.

pustulata.

Lepraria botryoides.

jolithus.

Gyrophora hjqjerborea. (Lichen

proboecideua. L.)

CrecnluMlt

Flora Gr*-
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Greenland. Gyropliora ero$a>' Boeomices fragilis. Coralloid. fragil.

'^^Y""^ cylindrica. Hotfm.
fi^'^^">- hirsuta. 4. Fiici.
cnland.ca.

j,„^,^p^^|,„„ tephroides. Algce aqtialicm.

Isidium defraudans. Fucus vesiculosus.

Urccolaria calcarea. divaricatus.

Parmelia tartarea. inflatus.

candelaria. ceranoides.

brunnea. spiralis.

subfusca. canaliculatus.

gelida. serratus. Eaten by the na-

stellaris. tives.

a saxatilis. soboliferus.

omphalodes. coccineus.

jarietina. plumosus.

: raxinea. lycopodioides.

farinacea. confervoides.

jubata. nodosus.

capillaris. siliquosus. (Angustifolius.

)

ni^escens. Alga marina. Seba.

ciliaris. loreus.

ochroleuca. aculeatus.

Peltidia horizontalis. clathrus.

venosa. laceratus.

resupinata. laciniatus.

canina. flagelliformis. (Fucus filum.)

saccata. palmatus. Eaten by the

crocea. Greenlanders.
Cetraria islandica. ediilis. Editur ab Groen-

groenlandica nigra. landis fame coactis.

groenlandica viridis. cordatus. Lubentissime edi-

nivalis. tur, aukpadlartok dictus.

pulmonaria. esculentus. Fimbriatus. Sut-

juniperina. luitsok Greenlandis, deli-

Comicularia lanata. catula illis esca incocta.

tristis. cartilagineus. Urgente hye-
pubescens. me cocta editur, baud lu-

Stereocaulon paschale. benter.

globulare. ramentaceus. Ulva sobolife-

Boeomiceg cocciferus. ra.

pyxidatus. saccharinus. Suavis esca na-
cornucopioides. tivis.

fimbriatus. alatus.

gracilis. bulbosus.
digitatus. digitatus. Fucus hyperbo-
radiatus. reus.
cristatus. giganticus.
foliaceus. plicatus.
rangiferinus. albus.
uncialis. comeus.
Bubulatus.

radiatus.
fungosus.

clavellosus.

ZooLooT. Zoology—The character of the man who inhabits
these latit\ides, is given in a former part ofthe article : it
will therefore only be necessary to enumerate the ani-
mals which can bear the hardships of this climate.

Mammalia. Mammalia.—There: are only four different land qua-
drupeds, which are found in every season on the coast
of Greenland, viz. the dog, the isatis, the arctic hare,
and the reindeer. The arctic, or white bear, is a mi-
gratmg animal

: It comes from the eastern and north-
eastern polar regions, in the beginning of the winter,
with the floating ice, to the western coast of Green-
land, and leaves it again about th<; end of June.

The dog.
. 1 he dog is the faithful companion of man in this as
in every other country, and woukl undoubtedly be so in
a higher degree, if the Greenlanders treated "this poor
aiuraal in a more humane manner. The dogs are in ge-

4

Fucus vittatus. Grc

viridis. 7~"

coronopifolius. 1.'

norvegicus.

perforatus. Nova Species.

Viva:.

Ulva umbilicalis.

plicata.

intestinalis.

spoiigiformis.

incrassata.

clavata.

latissima.

lanceolata.

flavescens.

compressa.

TremelUv.

Tremella granulata.

verrucosa,

hemispherica.

nostoc.

agaricoides.

rubra,

adnata,

pituitosa.

Conferva.

Conferva rivularis.

fontinalis.

dichotonia.

caiialicularis.

distorta.

reticulata,

linnni.

nitida.

pennatula.

rupestris.

floccosa.

diapliana.

5. Fungi.

Agaricus canipanulatus.

fimetarius. D. aedib. Gro-
enland.

Boletus luteus.

Helvclla atra.

Peziza scutellata.

zonali*.

Clavaria muscoides. Rarissime.

Lycoperdonbovista. Vulneribus ap-

plicatur a Groenlandis sanguinis

flux, imped, causa.

Mucor mucedo.

neral large, and have the size and appearance of wolves.

Their colour is very various, generally greyish brown,

greyish white, mixed with yellow and black : they bark

very seldom, but set up a dreadful how). They sleep

on the roofs of the houses of their masters, or lodge

themselves in the snow, lying with only their noses out.

They swim very well. The Greenlanders use th.em in

place of horses : they harness them to their sledges, side

by side, by means of thongs cut out of the Plwca bar-

lata, or great seal : These thongs are ten yards long,

the common distance between the dogs and the sledge ;

and in this manner they visit their friends in winter, or

draw home the seals wliich they have killed over the

ice of the frozen sea. They will travel sixty English

miles in a day with sledges or sliders of whalebone,

loaded with their two masters and five or six seals.
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retalmad. and 100 miles if they liave no load. In the most nortli-

'"'Y""' ern parts they use the <logs also in the chace of the

white hear. Tiic Greenlandisli dogs are very ferocious,

and often fight among themselves till one of them is

killed. Canine madness is unknown in Greenland.

These dogs are very prolific, having frequently nine and

ten whelps twice in a year : some of ti>e bitdies eat

their whelps. The Oreenlanders put their dogs ge-

nerally on uninhabitetl islands during the sunmier, the

season in which they are useless, where these poor ajii-

mals arc obliged to provide for tliemselves, and very

often perish by famine. The Oreenlanders use the skins

for shirts, stockings, and gloves : they make strings of

the guts : they are very fond of their flesh as food,

and reckon a very fat dog a great delicacy. The dog
skins having a very unpleasant smell, do not form an

article of trade.

itUor 'i"'>e isalis (canis Uigopiis) generally called the arctic

isic fox. fox, or blue and white fox, is only found in the arctic

regions, a few degrees within and without the polar

circle. It inhabits the whole coast of Greenland, but

lives always m the neighbourhood of the sea, in cliffs

and cavities, or holes formed accidentally from frag-

ments of rocks, and having many outlets. Their food

is small birds and their eggs, eggs of sea fowls, shell-

fish, and, when compelled by want, they eat grass,

and all that the sea tlirows up. The arctic fox is of a

bluish grey colour : one variety is entirely snow white

both in summer and winter. The hair is very thick,

thicker in winter than in summer ; and very soft and
silky. The blue variety changes its colour in summer,
and acquires a spotted skin of grey, blue and white,

The isatis is undoubtedly the hardiest of quadrupeds.

It sets out for prey to the houses of the Oreenland-

ers, during the severity of winter, it couples twice a

year, like the dog, and, when with young, the fe-

male retires to her kennel. It swims uncommonly
well from one island to another, to the distance of four

and five miles, in search of prey. It is vei-y harmless,

and, when young, is very easily tamed. Its skin is high-

ly prized, and very much thought of in China. It is

generally caught by the natives in traps made of stones,

like small huts, with a broad flat stone of iiornblende

slate, or mica slate, hanging per)>endicularly by way
of a door, which falls down by means of a string bait-

ed on the inside with the salma arclicus, a small fish,

which the isatis is very fond of. It is also taken by
the European settlers in pitfalls, and in springes oi' iron.

The flesh is not eaten by the Oreenlanders, unless wlien

tliey are in the greatest want of food,

hiu hire. The white hare, arctic hare, or varying hare, is in

Greenland of a snow white colour, botli in summer and
winter, and lives in great numbers amidst the snowy
mountains. It is usually fat, and feeds in summer on
grass, and in winter on cryptogamic plants, particularly

on lichen islandicus and nivalis (Celraria islandica and
nivalis.) Its hair is very thick and soft, but very loose.

The Oreenlanders are not very fond of its flesh, but

they like very much to eat the raw contents of the in-

testines, together with the stomach. They make use

of the skins, which are not an article of trade, to clothe

their children.

;m-decr. The rein-deer, (Cervus iarandiis), though very useful

to the Laplanders, is only considered as an object of
chace by the Oreenlanders, and of no utility until de-

^ prived of life. They kill every summer more in the

P interior than they can carry to the shores, and their

number is rapidly diminishing every year. Besides this,

these thoughtless people neglect the time of their best
fish and seal game for this sport. They eat the flesh,

which is tender and well-tasted, raw, boiled, and
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dried. The hunters drink the warm blood, dreiwd GncnfanL

with some l>erries; the contents of the stomach, call-
^^"/^"^

ed nerrikiik, is a <lelicate dish. They are also very '

fond of the fat of the animal. Thfe skin forms a part
of their clothing, pjirticularly of that of the women ;

and the inhabitant of this dreadful climate is obli-

ge<l to procure a couple of fine rein-deer skins during
the summer, if he wishes to be agreeable to his wife.

The sinews, when split, are very good tlireads, with
which the women sew their ciotlies. The Itoms are
employed for utensils and instruments. The greatest
number of rein-decrs is found in the vicinity of Baal's

river, near to the continental ice, from the 6"3d to the
66th degree. They occur very seldom in more south*
ern or more northern latitudes.

The white hear, polar bfar, or arctic bear, ( Ursus ma- White fc««r.

ritimus, or Ursus arcticiis), is a migrating animal. It

is never seen after the large or black whale {Balcena
mysticelus) leaves the coast of West Greenland. Their
size is stated by some authors to be from 13 to 23 feet,

but this is probably too much exaggerated. The largest

white bear which w,is met with (m the west coast of
GreeJdand, measured 9 feet and 4 inches from the
snout to the tail, the skull of which is now in the

museum of the Dublin Society. Another, caught
by the celebrated navigator. Captain Phipps, (Lord
Mulgrave) at .Spitzbergen, measured 7 feet from the

snout to the tail. The white bear seems the only

animal, that, by being placed in the coldest climate,

grows larger than those that live in the temperate

zones. Its flesh is not so good as that of the other

kinds of bear ; it has an oily taste, antl a fishy fla-

vour ; the liver is verj" unwholesome, and causes vo-

miting. The usual food of this animal is fish, seals,

and the carcases of whales. On land, which it seldom
approaches, it preys on rein-deer, hares, foxes, and
birds. It lies in ambush on the flakes of the floating

ice, and lurks there after seals and other marine-ani-

mals ; it also attacks the morse, or walrus, with which
it is in const.int enmity. The walrus, by reason of its

large teeth, has general!}' the superiority, but frequent-

ly both the combatants perish in the conflict. In win-
ter, when hungry, it sometimes attempts to break into

the houses of the Oreenlanders, allured by the scent of

the flesh of seals, but it is very easily driven away with
fire-arms and dogs. The female has only one young
one, and lodges it in the snow of the floating ice, or on
the shores. The affection between the parents and
their young is so great, that they will sooner die than

desert one another. The Grecnlanders kill them with
fire-arms, generally assisted by dogs ; and both the man
and dog, feed on the flesh and fat. The skin is used

for boots, and some other domestic purposes ; it is also

a valuable article of trade, a good skin being generally

sold for three or four pounds.

The pinnated quadrupeds, or quadrupeds with fin- Walrus,

like feet, are, the morse, or walrus, {Trickechiis'rosma-

rus). It is sometimes found of the length of 1 8 feet, and
the circumference in the thickest part is ten or twelve

feet. Its weight is from 600 to 1500 pounds. It has

very short legs, and five toes on each foot, joined to-

gether by webs, with a small roundish blunt nail to

each. Its skin is generally an inch thick, thicker on
the neck, and very much wrinkled about the joints;

it is very thinly beset with grey and rctldish grey hair,

sometimes mouse- coloured. It has two large teeth or

tusks in the upper-jaw, from a foot to two feet long,

and four grinders, flat at the top, above and below, the

surfaces of them generally being very much worn. It

is found of the largest size in the Icy Sea. The ani-

mals feed botli upon seograss and small marine animals,

3 R
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Greenland, viz. shells and small fishes. It sleeps upon the floating
'~^.'~~'

flat ice, or on the surface of the sea, and when attack-

Valmfc ed by men, will endeavour to overset the boat, or

to make holes in it with their teeth ; but it is very

clumsy when out of the water upon the ice, where it

may be killed with little difficulty. Wlien a walrus

or morse is struck with the harpoon, the Greenlanders

let it run till it is wearied, and then draw in the line to

kill it with tlie lances. The Greenlanders very seldom

kill them in their small canoes; but if they do, they

are always in company with three or four men. They
are no more seen in large flocks on the coast of West
Greenland as formerly, having been diminished by the

whale fishers, who killed a great number of them. A
flat island on the southern coast of Disko island, called

Saitok, situated in the mouth of Disko firth, consists of

alluvial land, wliich is covered with numberless bones

and skulls of the walrus. The Greenlanders feed

on their flesh, which is of a dark red colour; they

use the oil in their houses, cut thongs out of the skin,

and employ the tuaks for their utensils and instru-

ments.

Trichechus manatus, which is called auvekcBJak by
the Greenlanders, is very seldom seen on the coast,

according to their own accounts ; and it appears more
towards Bhering Straits, and the sea in the vicinity of

Kamtschatka.
Se»ls. The ieals may be called the flocks of the Greenland-

ers. They supply them with flesh, the most desirable

food of this nation. The blubber furnishes them with
oil for their lamps, and for their chamber and kitchen

fire ; the fibres of the sinews of the seal furnish thread
' for their clothes; of the skins of the intestines they make

their windows, and their curtains for the tents ; the sto-

mach is used as a train oil vessel, and the bladder is

employed for the javelins. The blood, mixed with flesh,

is eaten as soup. But the most valuable thing is the

skin : it covers their boats and their tents ; it furnishes

clothes, boots, stockings, gloves, and coverings for their

bedsteads.

There are different species of seals, partly migrating,
partly living on the coast of Greenland. One of the
most remarkable is,

jjjj^
The hooded seal, Klappmulze of the Germans, Klap-

myds of the Danes, Neitsersoak of the Greenlanders,
Fhoca cristata of Gmelin. It is so called from a thick
folded skin on the forehead of the male, which it can
draw over the eyes like a cap, to defend them against
its enemies. Its hair is of a double kind, the longest
silver white, the shortest black and woolly, which gives
it a very beautiful appearance. It grows to the length
of ten and twelve feet. The Greenlanders value the
skin of the young ones very high. It is uncommonly
fierce when wounded, and often attacks the canoe.
These seals fight very stoutly among themselves, from
jealousy, as the natives suppose. They live in flocks

;

are found in great numbers round Cape Farewell,
and go very seldom to the northern parts of the coast.
It is falsely called P/ioca leonina by some zoologists,
this being a very different animal.

Comroon The common seal, called Sjiragled Sael by the Danes,
«'* Kohbc by the Norwegians, Meerkalb by the Germans,

and Kassigiak by the Greenlanders, {Phoca vitulina of
Gmelin) is found sometimes in very large flocks on
the coast of Greenland. It is one of the smaller ani-
mals of the family, but its skin is the finest of them all,
and IS of great value among the Greenlanders. It is prin-
cipally employed for female dresses. The common seal
IS very cautious, and therefore caught with difficulty.

Harpse*!, The harp seal, or half-moon, (Plioca groenlandka,)
c»lled SvarUide by the Danes, Robbe by the Germans,

and Alarsoak by the natives. It is nine feet long when Greeniar:

full grown, and gives the best blubber. Its skin is of """Y^
a yeUowish-white and greyish-white colour, with two Harp sea)

large black spots on the opposite sides of its body, in

the form of two half-moons, the horns of which are

turned in an uniform direction towards one another, and
therefore called Half-moon. It becomes like the black

spots in its fourth year when full grown. Its skin is

the most durable, and therefore used to cover the ca-

noes and the tents. It is incautious, and very easily

taken. It never ascends the fixed ice. It is a migra-

ting animal ; comes with its young from Spitzbergen

to Davis Strait about the end of March, returns in May
to Spitzbergen, and comes back again in July. Three
or four of them afford a barrel of blubber. It comes
in great flocks, and visits the firths of Davis' Strait.

The rough seal, (Phnca hispida and Phoca fcetida,) Rough tt

called Ndtsek by the Greenlanders, is the smallest of
the generally known species, very seldom exceeding
four feet in length. It never frequents the high seas,

but keeps always in the vicinity of the fixed ice, gene-
rally in high latitudes, and is very seldom seen southward
from Disco Bay. Many thousand are killed every win-
ter in Omenak's firth or Cornelius bay, in the 72° of
latitude. The male emits an insupportable smell in its

coupling time, nevertlieless it is eaten with great avi-

dity by the northern Greenlanders.

The great seal,
(
Phoca barbala,) called by the Green- Great

landers Urksuk, is of the largest kind, but is very seldom
met with on the coast of West Greenland. It measures
sometimes ten feet in length, has a thick skin, with
very thin brown hairs; and on its upper lip very long
white pellucid whiskers, which are curled at their

points. Its flesh is white and very good. The Green-
landers cut out of the skin thongs and lines for their

seal game, whips, and other domestic articles.

The Greenlanders mention some other species of
seals, which very seldom occur, viz.

Siguklok, having a very long snout ; in its body it is

similar to the Phoca groenlandka. Perhaps it is the

Phoca ursina.

Imab-ukallia, ofa snow-white colour, the eye present-

ing a fire-red iris, probably the Phoca leporina.

Atarpiak or atarpek, the smallest species of seal,

not exceeding the size of the hand, of a whitish colour,

with a black spot of the form of a half-moon on each
side of the body.

Knngeseteriak has, according to the description given

by the natives, some resemblance to the sea-ape, which
is described by Mr Heller.

The Sea-unicorn or nartvhal, {Monodon monoceros,) gca unia
called Kernertak by the Greenlanders, is a migrating ani- or narwhi

mal. It is generally from seventeen to twenty feet long,

has a smooth black skin, and a small mouth in propor-

tion to its body. It has no teeth, but a horn, wreathed
or twisted on its surface, and from eight to ten feet long,

runs from the left point or end of the upper jaw.

It is white, has the solidity of the hardest bone, and far

surpasses ivory in all its qualities. The animal uses

the horn to get at its food the sea-grass, and also as a
weapon against its enemies. It has two nostrils in the
skull, but they emerge in one aperture through the skin.

It swims with wonderful velocity, and can only be
killed when there is a great number of them together.

They are always seen in flocks, in the severest winter,

amidst the fissures of the fixed ice, in the bays from 70''

of N. Lat. to the most northern regions. They never oc-

cur in more southern latitudes. The Greenlanders drive

with their sledges to the fissures of the ice, where the

animals generally come up to take air, and kill them
there with their harpoons, or with guns. They eat both
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Mliland. their flesh and !>kin, raw, dried, or boiled ; use the bhib>

'^r~' bcr for their lamps ; and the horns, which are highly

vahied, as an article of trade. Most of them are kdled

in Disco bay, in the 70° ; in Omenak's firth, or Corne-

lius bay, in the 72° ; and at Upemavik, in the 73".

itiite fish. The white-fish, beluga of the Russians, and kelleluak

of the Grecnlanders, is likewise a migrating animal, and
visits the coast of West Greenland regularly every year

about the end of November. It is, next to the seal, the

most useful animal to the Greenlanders, and it comes at

a season when their provisions fall very short. It arrives

in flocks, in very stormy weather, when the wind blows

from the south-west. It has a short, roundish, very fleshy

head, but the skull is longish and flat ; the eyes and the

mouth are small ; in eacli jaw of each side are nine

teeth ; the pectoral fins are nearly of an oval form ; and
beneath their skin may be felt the bones of five fingers,

which terminate in five very distinct projections. The
body is round, oblong, and well proportioned ; and its

tail is divided into two lobes, which lie horizontally.

Its length is from twelve to seventeen feet. In swim-
ming it makes great use of the lobes of its tail, bend-
ing them under the body, and working it with such

force as to dai-t along with the velocity of an arrow.

One of the large size yields five barrels of gootl blub-

ber. Its flesh is somewhat similar to that ofbeef, though
oily ; its skin is eaten raw, dried and boiled. Its oil is

of the best, whitest, and finest quality. The intestines

are used for windows, and the curtains of tents. The
sinews, when split, give the best sort of strong thread.

The female white-fish lias two nipples, and yields a yel-

lowish-white milk, but it produces only a single young
one, which is of a fine pearl-grey colour, but it after-

wards grows white. The pearl-grey young is called utak

by the natives. The full grown are the most beautiful

animals ; they are not shy, and sometimes follow, tum-
bling themselves round the boats. They are killed with
harpoons, and also caught in large strong nets, which
are set in narrow sounds between the islands.

The porpoise, or Delphinus delphis; the nisc, or Dcl-

phinus phoca'tia ; and ihe sword-fish, or Delphinus orca,

are frequently seen on the coast, but very rarely caught.

HAiEs. Whales.—There are different species of whales
» which visit the coast of West Greenland, viz. Batama
physalus, or fin-fish, called ttintiolik by the Green-
landers ; Balmna muscitlus, or norlhcaper, (Green, kepo-

karnak) ; Balcena rostrata, (Green, tigagulik) ; Balaena
*"* boops, (Green, keporkak), and Balcena myslicelus, or the

Greenland whale, called arbek by the natives. The Ba^
Icena boops, or biitskonf, comes regularly to the coast in

the neigbourhood of Fredrikshaab about the end ofJuly,

when the Greenlanders, both men and women, go out

in their canoes. The men in their small canoes follow

the whale, and continue to throw a great number of

harpoons and lances into the animal, until it dies from
loss of blood. They afterwards join their canoes, fasten

their spoil to them, and carry the booty to their houses,

where it is divided.

The Balcena boops is a smaller kind of whale, its

length being from twenty to twenty- five feet. It has a

fin on its back, and also a protuberance which grows to-

wards the tail. It has long rugged wrinkles under
its neck, that are white inside, and greyish-black on
their elevation. A great number of the shells called Le-
pas balcBnaris, or Lepns diadema, are found near its fins.

Its body is longer, and sharper behind and before, than
that of the other whales. Its back is of a black, and
its belly of a greyish-white colour ; the whalebones of
this species rarely exceed the length of one foot. Its

blubber is thin, and not very oily. Tliis whale follows
always along the coast farther to tlie north, and it is

also caught by the Greenlanders in Disco Bay. Cretnl* i.l.

Balcena mt/ilicclus, the great or Greenlantl whale, i» ""^"Y"^
the most valuable and lucrative species of this genus, Balms
on account of its bigness, and tlie great quantity of fat, myiticeiiu.

which affords much oil ; it is also the most tame, and
the easiest to be caught, on account of its unwieldy
size. It has no back-fin. The head of it forms one-
third part of the whole body. Its eyes arc very small in
proportion, not much bigger than those of an ox, and
black, with a white iris ; they lie deep, and are placed
above the junction of both lips. Instead of ears, a hole
appears on each side of its head, so small that it is

scarcely discernible, not admitting any thing thicker
than a goose-quill ; but within the flesh there is a larger
orifice, formed like an ear, which enables it, as has liecn

noticed, to hear very distinctly. The two holes, or pipes,

on the top of its head, arc crooked, and very similar to
the holes in the belly of a violin. They are for recei.

ving air, as well as for discharging the water which
it swallows by its mouth. This is forced upwards
through these holes in very large quantities, and to a
considerable height, (of some fathoms) with such a
noise, that it roars like a hollow wind, and may be
heard at three miles distance. When wounded, it

blows more fiercely than ever, the water frequently be-
ing mixed with blood. Its throat is uncommonly nar-
row, not exceeding the width of one inch and a half.

Its tongue is eighteen feet long, when the animal mea-
sures fifty-six or sixty feet ; it is then ten feet broad, ig

very fibrous, floats on the water, and afl^ords four to six

barrels of oil ; its weight is to 600 or 800 pounds. The
tongue is inclosed in long pieces of a corneous sub-
stance, generally c;Uled whalebones ; and these are co-

vered on their interior side with a kind of fibre, or

straight hair of the same substance, similar to coarse

horse hair. On each side of the tongue are commonly
found 250 of different lengths ; the longest are about
the middle, and decrease towards the snout and the
throat ; they are attached to the upper jaw. The un-
der jaw forms with the jaw bones an oblong triangular

deep bason, of a tendinous and cartilaginous substance,

which is as deep as to cover the longest whalebones in

their perpendicular shape, when the mouth is clo-

sed ; this receptacle is, of course, deepest towards its

middle part. The broad ends of the whalebones, where
they are joined to the palate, are generally one foot

broad ; they terminate very pointed, and have the form
ofa curved sword; they would wound the tongue, which
is very delicate, if they were not covered with hair on
their inside. There are no other teeth in the mouth.
This whale is very thick from the head to the middle,

but thinner and sharper towards the tail ; its fins and
its tail stand horizontally.

In the spring of 1813, a whale was killed at God- Dimension*
havn, of the length of C7 feet. The dimensions of of the

a whale, killed in the year 1811 at Godhavn, was, Greenland

from the centre of the mouth to the point of the whale-

tail, 56 feet. From the point of the under lip to the

root of the fins 23^ feet. From tlie fins to the

point between the two lobes or wings of the tail 33
feet. The length of the head was 18 feet. From the

middle point of the upper lip to the blow-holes 16^ feet.

The length of one of the fins 8 feet 4 inches. The
thickness of a fin, on its tliickest part, 1 foot 9 inches.

The breadth of the tail from one extremity of its

wings to the other, 22 feet 7 inches. The length of

one of the blow-holes 1 1 inches. There were 13 ribs on
each side, and in all 26 ribs. The animal was a female.

'J'he fins serve this large animal for rudders, to turn in

the water, and to give a direction to the velocity im-

pressed by the tail. The tail serves for an oar, to ad-
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Greenland, vance itself in the water ; wherewith it swims with in-

'—
1
*»' credible force and celerity. When swimming a httle

under the surface of the water it leaves a track in the

sea like a great ship, and this is called its wake, by

which it often is followed. The female makes use also

of the fins, when pursued, to bear the young one,

placing it on its back, and supporting it by the fins

on each side, from falling. They are also seen some-

times having their young upon the Uiil.

The skin of the whale is of a different nature. The
epidermis resting upon the skin is not thicker tlian

parchment ; but when tliis is removed, the real skin ap-

pears, which is about an inch thick, of a bluish-black co-

lour, fibrous and spongy ; it is called by the Greenlanders

maklak; it is very much wrinkled in the old whales, and

smooth in the young ones. Beneath the skin {maktak)

lies a yellowish white, very tenacious, reticulated fi-

brous substance, which aflbrds more fritters than oil ; it

is called maksak by the natives : with this substance

the real blubber is immediately connected. The blub-

ber is of very unequal thickness, from 10 inches to

one fool thick upon the back, and on the under lips

two feet thick ; but the latter is very cartilaginous, and
intermixed with coarse nerves. The head and the back

of the whale is bluish-black, the under jaw is white,

and sprinkled or spotted with bluish-black, and the

tail is greyish black. The skin of the suckers is greyish

blue. The Greenlanders state, that the old animals be-

come more and more of a greyish white colour. The
blubber of young whiles is reddish white and rose

red, that of the old is yellowish white ; the flesh of the

young is dark blood-red, that of the old is dark red-

brown. The bones of the whales ai'e very porous, and
afford, when sawed in pieces, the finest oil. The fe-

male whale has two breasts, with teats like a cow, and
has one young one, very seldom two. When it suckles

the young it Res on its side, on the surface of the sea,

and the young one attaches itself to the teat. The
food of the whales is the clio arcticn, the argonauta
arctica, cancer pedatus, and cancer oculatus, none of
tliem exceeding the size of a common wasp. .Some-
times also oniscus pulex, and other species of oniscus
are found in its stomach It takes its foot! under wa-
ter ; these small insects become entangled by the hair
of the whalebones, and the water is emitted pai'tly on
the sides of the mouth, partly through the blow-holes.
The whale cannot remain longer than from 15 to 20
minutes under water. It sleeps on the surface of the
sea, and is often caught asleep.

Settlements The settlements or colonies, which are established and
for the na- supported by the Danish government on the coast of
nish whale West Greenland, for the purpose of the whale-fishery,

are Holsteinsburg in 67° 10', Egedesminde and Wester-
island on the southern point ofDisko bay, Hunde Island,
and Crown-prince-island in Disko bay, Christianshaab,
Claushavn and Jacobshavn on the continent of Disko
bay, Godhavn on Disko island, and Klokkerhuck on
Arve-Prince-Island, situated on the entrance oftheWay-
gat. The fishery is carried on in boats, by natives and
settlers, on the account of the Danish govenunent. The
fishery was not very successful during the last ten years.
The English and Scotch whale-fishers visit Disko bay
every yea.r about the end of April, and leave it again in
June. The Dutch whale-fishers, who formerly also
came there every year, were prevented from fishing at
all during the late war. It is only the balana mysti-
cetus, whicli is caught there at that season. It comes
to the coast about the end of December, and leaves it

again in June.

The spermaceti whale, or cachalot, {Physeter ma-
rrocephalus) the enemy of the balaena mysticettis, is

Kiihciies,

seldom seen on the coast of West Greenland. t;itei,i;.i„

Birds.—West Greenland presents very few land '^—v-~

birds. The largest of them is the vttlliir albicitla, the Binns.
cinereous eagle, called jwkloralik by the natives; it feeds

on seals, fishes, and all kind of birds ; is of a greyish Land bin
brown colour, and inhabits Greenland the whole year,

sitting on the rocks with flagging wings, and flies

slowly. It is eaten by the Greenlanders, and the skin
employed for clothing.

TheJalco ruslicatus, theJalco islandus, and thefalco
fuscus, or Greenland falcon, called by the natives

Kirksoviarsuk kerncrtok, inhabit the most remote parts

of the firths ; they feed on birds. The latter is of a
very fine appearance. Its colour is marbled of white
grey and brown. It is only eaten by the natives when
compelled by hunger. All falcons inliabit Greenland
the whole year.

The beaiilifnl snnrvij owl, or slryx mjclea, called orpik

by the Greenlanders, is found in the interior of the
continent, in the vicinity of the glaciers. It preys on
every kind of bird day and night.

The rntwn, (Corvus corax,) (Green. Tultigak,) occurs
in great number, and frequents the huts of the na-
tives, who abhor its flesh.

The fv/iile parli-ir/ge, ( Tetr/io lagopus), called in North
Greenland ageiksek, and in South Greenland, kauio,

inhabits in summer the mountains for the sake of crow-
berries, {Empclrum nigrum). In winter it descends to

the valleys near the shores. It is brownish in summer,
and changes its colour in winter into a snow white.

The Greenlanders like very much to eat its intestines

raw.

Of small land birds, which all leave this country In

the beginning of winter, are only seen the friiigilla

lapponica, (Green. Narksamiutak), the fringilla linaria,

(Green. Orpingmiulak), the moiacilla oenanthe, (Green.
Kiisseklak), and the emberiza nivalis, (Green. Kopanaii^

arsvk). The arrival of the latter about the end of May
announces the approach of spring. In autumn, in the
beginning of September, it collects again in great flocks,

in order to migrate.

Of water birds, there occur on the coast,

—

1. Anas bernicla, bernacle. Green. Nerdlek.

2. Anas clangula, golden-eye. Green. Kwrtlutorpi-

arstik.

3. Anas hislriomca, harlequin. Green. Tornaviarsuk.

4. Anas boschas, mallard. Green. Kertliictok.

5. Anas glacialis sett hyemalis, long tailed duck.
Green. Aglek.

6". Anas speclabilis, king-duck. Green. Siorakilsok,

7. Anas moUissima, eider-duck. Green. Mitek.

The Anas moUissima, or eider-duck, visits the coast Eider in

as soon as the grass begins to grow, and plucks the

finest down from its breast to form its nest. The
down taken from the nest, is the finest and most elas-

tic. It is customary to take away the first eggs, which
occasions a second laying, and a second deplumation.

They lay their eggs on uninhabited islands among the

grass growing near the shores. They brave the severest

winter of the arctic regions, and their breeding-places

are the most northern. They come constantly every
spring to the same spot again if not disturbed. The
Greenlanders kill them with darts and guns, watching
their course (when they dive) by the air-bubbles, and
strike them when they ascend. The flesh is valued as

food. The skin of this duck is the most valuable of all as

a gai-ment placed next to the skin. The down forms a
very considerable article of trade. The colony Ege-
desminde produced in the year 1808, 1000 pounds
weight of that article. One pound sterling is paid

for one pound weight of the best sort of down.

Water
l)irds.
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Mergtts aerrator. Green.

'} f! O
OC Merganseres occur,—

1

' PaiL
2. Mcrftus merganser, goosander. Green. Pararsuk
Of Auks.— 1. Alca impennis, great auk. Green.

Isarokitsok.

2. Alca tarda, r.izor-bill. Green. Akpardluk.

S. Alca pica, black-billed auk. Green. Akpa.

4. Alca arctica, puffin. Green Killangak.

.'). Alca alle, little auk. Green. Akpa/liarsuk.

The alca pica vies with the eider-tUick in point of

utility to the Greenlanders. The skins are used for

clothing, and the flesh is eaten. They only approach
the coast when the cold becomes very severe, and breed

in summer in tiie clefls of the remotest rocks. They are

killed in canoes with darts, and give food to the Green-
landers in the months of February and March, when
they want every otlicr supply from the sea. It appears

that the words alca, auk, and akpa are formed from the

note or sound which the bird emits when flying or

swimming in large flocks.

Of Petrels, or ProceUwiee, are seen,^
1. The Procellaria glacialis, fulmar. Green. Ka-

hordliik ; and,

2. The PrnceUarim puffinus, shear-water. Green.
Kakordlungoak.
The prey of these birds being the blubber of the

whale, they are only found in the vicinity of the

whale-fisheries. They are, from the nature of their

food, extremely fetid; and so stupid and voracious, as

to be killetl with rods in their attempt to obtain prey.

They are rarely eaten.

Of Guillemots— 1. Colt/mbtis gri/lle, bhxck guillemot.

Green, fiergvak.

2. Colymhus glacialis, northern guillemot. Green.
Tudlik.

3. Colt/mbus seplenlrionalis, red-throated guillemot.

Green Karkfak.
Their skins are very excellent for clothing, in conse-

quence of their durability.

Of Terns.—Sterna hirundo, great tern. Green.
Imerkoli'ilak.

Their eggs are the most delfcate of all water-birds.

They come latest in summer, that is, in the beginning
of June, and leave the coast earliest, that is, in the

beginning of September, under great noise.

Of Gulls.— 1. Larus mariniis, black-backed gull.

Green. Nat/ardluk.

2. Larus Iridactylus, kittiwake. Green. Tatlarak.

S. Larus candidus, ivory gull. Green. Nayauarsiik.

4. Larus arclicus, calaracta parasitica, arctic gull.

Green. Meriarsairsok.

5. Larus glaucus, glaucous gull. Green. Nat/a.

0{ Pelicans.— 1. Pelicanus carLo, corvorant. Green.
Okaitsok.

2. Pelicanus cristalus, crested corvorant. Green.
Tingmik.

3. Pelicanus bassanus, gannet. Green. Kuksuk.
All these birds are used as food ; the skins for clothing.

0( Sculopax.— 1. Scolopax gallinago, common snipe.

Green. Sigrcklok.

2. Scolop<ixjardreka, ]urAte'k». Grten. Sargvarsur-
soak.

Of Tringa.— 1. Tringa striata, striated sandpiper.
Green. Sirkiiariar,<tungoak.

2. Tringa interjjve.'t, Hebridal sandpiper. Green.
Telligvak.

3. Tringa lohala. Green. Nelloumirsortok.

4. Tringa fulicatia. Green. Kajok.

5. Tringa alpina, dunlin. Green. Tmuk.
Of Charadrius, or plover.— 1. Charaarius apricarius,

alvargrim. Green. Najoiroveck
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Green. Tn- Gtttn\tni.2. Charadrius stiaticula, ringed plover.

knpvajok. "^^t"^
Fisiirs.—Greenland cannot bo««t of valuable fishe- Fiiuc*.

rics. The natives attend only to their seal-game, and
neglect entirely every other branch of industry. The
few Europeans residing there tu-e occupied with trade.

There can be no doubt, however, that such an extensive

coast would afford numerous and profitable banks. Some
have already been discovered atTmuigliarbik, Guanner-
soak, Fredrikshaab, Fishfiord, Sukkertop, Amertlok,
where different species ofcodJi\li are caught, for instance,

Gadtis aglrfinns, (Green. Mi.iokarnak) ;
gadus caHariat,

(Green. Sarolik) ; gadus morrhun, (Green. SaraudUt'
snak) ; and gadus barbalus, (Green. Ogak). In the north

of Greenland, in the 70, 72, and 73d degrees, were dis-

covered very extensive^^OMwrfer banks. The pleuronccles

/lippoglossus, holibut, (Green. Netarnak), sometimes of a

weight of more than 100 pounds, is found in abundance
in the neighbourhood of the colonies Godthaab and Suk-
kertop. Extensive banks of the plcuronectes cunoglo*-

SU.1, (Green. Kaleraglik), were lately discovered at Ja-

cobs-havn in Disko bay, and at Omenak in Cornelius

bay. Different species of salmo, viz. the salmn carpio,

(Green. Ekalluk), the salmo alpinus, (Green. Iviksar-

sok), and the salmo rivalis, visit every year the friths and

inlets of the continent. But the most remarkable of all

the fishes is the salmo arcticus, called Angmarscet, the Salmo arc-

Greenlanders deriving their daily food from them. It ticuj.

forms their bread, and makes also a sort of dessert after

their most delicate repasts. The Aiigmarscel live at sea

most part of the year ; but, at the end of May, they

come in immense numbers into the bays and friths.

They are taken in nets, in all kinds of vessels,

and even with the hands, in great multitudes.

The whole bottom of the sea seems covered with

them. They are dried on the rocks, pyt into sacks,

and preserved for the winter under heaps of stones.

They are generally eaten dried instead of bread, but ma-
ny are dressed fresh as soon as they are taken. They
seldom exceed seven inches in length. They have a

very strong sharp smell when they are dry ; and are,

on t!ie whole coast of Norway, in bad credit, as a very

noxious fish, a calumny which they do not deserve. The
impression of this fish occurs frequently in an indurated

grey sandy mtrl on the end of the bays. Next to ang-

marscEl, the Greenlanders eat most of the ulkes, a kind

of coitus, particularly cottus scorpius. They cat the

fishes dried, or boiled in sea water, but the heads of plcu-

ronectes are eaten putrid.

Insects.—The Greenlanders are tormented with
jj^secx?.

very troublesome insects. The culex pipiens, a kind

of musquitoes, appears in the months of June, July,

and August in myriads. But a great number of other

insects increase, from die incredible tilthiness of the

natives.

The insects, which contribute to the comforts of life,

are. Cancer phalangium, a species, which has some re-

semblance to cancer lonsimanus, the cancer squilla,

and cancer homaroides. The rauiute species of Cancer

pedatus and Cancer oculatus afford food to the whale,

and their existence is therefore of great importance

to the natives. Numerous species of oniscus are found

partly in the sea, and partly attached to the bodies of

several marine animals.

Vermes.—Numerous species of gordius and lumbri' Worms.

cus are found, and the intestines of the arctic quadru-

peds, birds, and fishes, swarm with different species of

ascariJes. Of the interesting family of A'erm occur

10 species.

Shells.—The coast of Greenland cannot boast of Sheli.j.

numerous varieties of beautiful shells, of whicli the scas
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books re'

fpecting

Greenland

Greenland, of the Warm climates abound. Of Aslerias occur the

'*"'V"^ aslerias rubens, with 6 rays; the spongiosa, with 5

SHEtis. conical rays; the papposa, with 12 and 13 rays; the

minuta, with 6 rays, and the ophiura, with 5 rays. In

Discofiord is found the aslerias caput medusae. Of
Echinus exists only the snxatilis ; 1 2 species of Serpula ;

3 species of Chiton, one of which is new, and not yet de-

scribed; its testa are marbled ofa yellow and red colour.

or Lepas occurs on the shores, /cpas batanvs, and bala-

noides ; and on the skin of the Balasna boops, the lepas

baltenaris, or diadema.

OfBivALviA are found the mya arenaria, arctica, trun-

cata and byssifera, the latter a new species ; only one

Car(/iuTO,viz.ciliare; three Veneres, the islandica, minuta,

and fragilis. The jKclcn islandicus. The mylilus edu-

lis, discors and faba. The mya; and mytili are eaten

by the natives ; and the shells used as spoons.

Univalvia are: some palellce, argonaiUa arctica,

the favourite food of the bala?na mysticetus ; the helix

pellucida, nitida and haliotoides ; the trockus cinera-

rius, divaricatus and helycinus ; the tritonium unda-

tum, despectum, antiquum, glaciale, lapillus, fornica-

tum,clathratum, craticulatum, and ciliatum; the two lat-

ter are new species. OtNerila, the littorea only is found.

In the friths and inlets are found various tubipora:

madreporae, milleporw, and celleporm, but all very mi-

nute. Fliistrw and serlulariw grow on the whole coast

in great numbers ; alcyonia and spongia occur very
selilom.

Catalogue of It will no doubt be interesting to our readers to have
a catalogue of works concerning Greenland, which have
been published at different times.

The oldest accounts of Greenland will be found in

Kongs-spcilcl, or Speculum regale. More in Whitfeldt's

Chronica, and in Lychsander's Chronike. Copenha-
gen, 1602. Part of it is translated into English, and
published in l^urchas' Pilgrims.

Jens Munks Navigatio Sepientrionalis, in Danish,
was published at Copenhagen, 1624, 8vo. It contains
his voyage for discovering a north-western passage, and
some account of Greenland.

Isaac de la Pereyre wrote a Relation de la Groenlande.
Paris, 1 6 13, 8vo. It was translated into the Danish and
German language.

From this time to the year 1721, some curious cri-

tical pamphlets were written concerning East and West
Greenland, viz.

Rudolph Cappel, Orbis Arclicus. Hamburgi, 1 675, 4to.
Amgrimi Jonae, Groenlandia, (in Latin.) Hafnia;,

1688, 8vo.

Thormodi Torfaei, Historia Vinlandiee Antiqua.
Havnia;, 1705, 8vo.

Thormodi Torfaei Groenlandia aniiqua. Havniae,
1706, 8vo. and 1708, 8vo. cum tabidis geographicis.

Pierre de Mesange, les aventures et les voyages de
Groenlandt avec une relation de torigine, de I'histoire,

des moeurs, et du paradis des habitants du pole arctique,
a Amsterdam, 1720, 2 vols. 8vo.

Zorgdrager oud en nieuwe Groenlandish Walvischery,
4to. Amst. translated into German, Hamb. 1724, 4to.

Hans Egede, the celebrated Danish missionary, went
to Greenland in the year 1721, and published, in the
year 1729, at Copenhagen, in 4to. Den gamle Groen-
lands nye perlustration. It was soon translated into
English, German, Dutch, and French.

Afterwards he published, in the year 1738, at Co-
penhagen, in 4to. Omslcendelig og udforlig Relation
angoende den Gronlandske Missions '

Begyndelse og
FortsceUelse, (containing his Journal).

Paul Egede, his son, the second Danish missionary,
published soon afterwards, continuation of Relationeme

betreffende den Gronlandske Missions Tilstand from 1734
to 1740.

In the year 1 788 he published his last work, EJler-
retningerne om Groenland, uddragne ofen Journal holdcn

fra Aarette, 1721 till 1788. Copenhagen, 8vo. with
plates.

Nils Egede, his brother, who was a merchant in Green-
land, published a continuation of De Gronlandske Rela-
tioner, from 1739—1743.

In the year 176 1 David Crantz, of the German Uni-
tas Fratrum, visited their settlements on the coast
of West Greenland, and remained there till August
1762. In the year 1765 he published. Historic von
Gronland. 2. Bande, 8vo. with plates. Barby; and in
the year 1770, Fortsezzung (continuation) Der Historic
von Gronland. His account was translated into Eng«
lish, Dutch, and Swedish.
The Rev. Otto Fabricius, who was a missionary in

Greenland during five years, published his Fauna Gro-
enlandica at Copenhagen, in 1780, in Svo.
The first Greenlandish Grammar was published by

Paul Egede in the Danish and Latin language at Co-
penhagen in 1760, in 8vo.

The first Dictionary in Greenlandish, Danish, and
Latin, was published by Paul Egede, in 1750, in 8ro.

Both works were very much improved by Otto Fa-
bricius, the Grammar in 1791, and in a second edition
in 1801, and the Dictionary in the year 1804, 8vo.

Paul Egede was also the first who translated the
New Testament into the Greenlandish language. It was
reprinted in the year 1803, and very much improved
by Otto Fabricius.

Besides this, partly by the Danish Society for the
furtherance of the missions, partly by the Unitas Fra-
trum, psalm-books, prayer-books, and other religious

books, have been printed, and distributed gratis amongst
the Greenlanders.

GREENLAW, is a small town of Scotland in Ber-
wickshire, and is situated on a plain, watered by the
Blackadder, nearly in the centre of the county. There
are here the remains of two religious houses, which
were dependent on the priory of Kelso. Marchmont
house, the seat of the family of Marchmont, is about 2
miles from the town. Greenlaw is the county town of
Berwickshire. Its population is about 6OO.

GREENOCK, is a sea-port town in Scotland, situa-

ted on the Frith of Clyde, about 22 miles below Glas-
gow, and 46 above Ayr. It contains many neat and
well-built houses, but its streets are irregular and nar-

row ; and its general appearance is far from being ele-

gant. Of late years, it has extended very much to the
west, and there, as might have been expected from the

opulence and taste of the inhabitants, a great improve-
ment has taken place both in the general plan and in

the structure of individual edifices. The principal pub-
lic buildings of Greenock, consist of the infirmary,

which was erected in the year 1 808 at an expence of
nearly £2400, and contains good accommodation for a

considerable number of patients ; the theatre, erected

the same year, at an expence of £ 2500 ; a bridewell,

erected in 1809, at an expence of £ 1340 ; and a ton-

tine inn, erected in 1802, at an expence of £ 10,000.

There are three established churches, viz. the West
Church, which serves the country part of the parish, is

very old, and very uncomfortable ; the New Church,
built in 1762, a large commodious place of worship in

the centre of the town, and having a steeple attached

to it 146 feet high; and the East Church, originally

built in 1774 as a chapel of ease, but erected into a pa-

rish church in I8O9. There is also a Chapel of Ease
for the Gaelic population, built in 1791 at an expence
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of£ 1700, and containing IGOO people. Besides these,

there are various ilisBcnting meetings : the Rnrgher
meeting, erected in 1791 at an expencc of £ 1300, and
containing 1000 sitters; the Antiburgher, erected in

1803 at an expence of .€ 1122 ; the Relief, erected in

1808 at an expence of .€ 2200, and containing 1700 sit-

ters. There is also a Tabernacle, a Methodist meeting,

and a Roman Catholic chapel. A Unitarian preaches

in tlie theatre on Sunday evenings. There are public

schools for all the various branches of literature and sci.

ence. A free school, established in 1790, is under ex-

cellent management, and gives useful and religious edu-

cation to hundreds of poor boys and girls, at an expence
of6's. 8d. per annum for each child. In 1812, a so-

ciety was instituted in Greenock and Port Glasgow for

the encouragement of arts and sciences. About 150
subscribers, at as. each per annum, were obtained, and
the whole funds are distributed in prizes to persons of

genius and merit. For some years, there has been con-

nected with this an exhibition of paintings. Since

1793, there has existed an institution, under the title of

the Greenock and Innerkip Fanner and Agricultural

Society. There are several subscription and circulating

libraries, with extensive collections of books. One
newspaper, the Greenock Advertiser, is published thrice

a week. The poor, who are very numerous, are sup-

ported partly by the public collections, partly by volun-

tary assessments, and partly by the interest of sums,
which from time to time have been bequeathed to them
by the charitable. There are various societies establish-

ed by particular trades and professions, whose principal

object is to afford relief to their decayed members : Such
as the Ship-carpenters Society, instituted in 1782; Mas-
ter Wrights Society, instituted in 1 734 ; Shoemakers
Society, instituted in 1754; Journeymen Coopers So-

ciety, instituted in 1 792 ; Widows Society, institu-

ted in 1796, &c. The Merchants House Society was
instituted in 1787; five guineas are paid on admis-

sion, and 5s. annually for the support of those families

or individuals belonging to it, who have grown indigent.

There was formerly in Greenock a society, designed

the Clyde Marine Society ; but in 1 786, it was incor-

porated by act of parliament with the Glasgow Marine
Society. This institution is very rich, and very useful.

There are several banks and branches of banks establish-

ed at Greenock, which do a great deal of business.

The old harbour of Greenock, begun to be built in

1707, contains about 10 acres. These are inclosed

within two circular quays, in the middle of which is

another quay built in 1712, projecting like a tongue.

The original cost was 10,000 merks Scots, or £5625
sterling, which was to be defrayed by a malt duty, and
was liquidated in 1740, leaving a surplus of jfi 1500. In

1801 and 1803, acts of parliament were obtained for

enlarging and improving the harbour ; and when all

the plans are executed, the accommodation for ship-

ping, &c. in this port will be of a very complete and
superior kind. The new harbour will contain about 8

acres of ground, which were obtained from Sir John
Shaw Stuart and Lord Cathcart at 5 guineas per fall,

and a shilling per fall of feu duty. During the last ten

years, £ 85,000 have been expended in extending tlie

harbours, by building new quays, sheds, &c. and an ad-

ditional sum of £ 25,000 will be required to finish

the work, uicluding the expence ofbuilding a new gra-
ving dock.

The expence of erecting the present sheds, and keep-
ing them in repair, has cost the trustees of the harbour
£ 9868, and those yet to be erected will not cost less

than £ 3132, making together £ 13,000.

The revenue received from them for the year end-
ing September 1812, was £ 1 20

1

'

Do. 1813, 1472
Do. 1814, 2052
Do. 1815, 2053

And the yearly rent on an average for five years ending
in April hist, is £ l609.

The anchorage or ring money for the year ending
September 1813, was £ 175 13

Do. 1814, 181 17
Do. 1815, 218 12

making the yearly rent on an average for three years

£ 192.

Ship-building is not so much followed as might have
been expected at such a port as that of Greenock. On
an average, there are about 10 or 12 vessels built annu-
ally. As to quality and construction, these vessels are

equal to any m the united kingdom. There is a gra-

ving dock, which was erected by share holders in 1783.

The building yard of Messrs John Scott & Co. contain*

ing a graving dock, a basin, boat and mast sheds,

blacksmith's sliop, &c. is, in point of size and conveni-

ence, superior to any private establishment of this kind
in the kingdom. Mr Steele also lias excellent premises

for building and repairing ships.

There are four large rope works, and several smaller

ones. They employ from 200 to 300 hands, and ma-
nufacture annually about 1000 tons of cordage, which
is sold for the use of the shipping of the port, and for

exportation to the colonies. There is one rope-work
for making patent cordage. Sailcloth is also manufac-
tured here to a considerable extent. There are two
manufactories for this article. Greenock contains two
soap and candle manufactories, which are carried on to

a large extent, principally for supplyina our North
American and West India colonies with these articles.

One of them is an old establishment, having existed

since the year 1772. There are also two extensive

breweries, both of which export large quantities, solid

and in bottles. While the French West India islands

were in our possession, the supply of this article was
very great, particularly light coloured table beer. There
are two iron and brass founderies ; one large hat manu-
factory, and several smaller ones ; a green glass and a

flint glass work ; three tan works ; a pottery ; and a

lamp-black manufactory. All these depend greatly on

the export trade, and the demand for the shipping.

An account of the number of ships and vessels, with

their tonnage, and number of men and boys usually em-
ployed, registered and belonging to the port of Green-

ock for the years ending 30th Sept. 1814 and 1815 :

Ships. Tom. McB.

Year ending 30th Sept. 1814, S60 34,159 3325

Do. 30th S«pt. 1815, 336 35,210 3220

At present there are 379 ships, brigs, sloops, &c. re-

gistered at the custom-house, admeasuring 47,268 tons,

and navigated by 3457 men.

An account of the number and tonnage of ships and

vessels, which were of, and belonging to, the port of

Greenock, with their number of men, that have traded

to and from foreign parts, or coastwise, or been em-

ployed in fishing, in the years ending 5th January 1815

and 1S16, accounting each vessel but once in the year.

Years ending

Jan. 5. 1815,

Jan. 5. 1816,

Foreign Trade.

187

Tons.

18737,694
,35,205

Men.

2428
2318

(.'oaslin^. \ Fishiiif^.

ToBS.

1037590
101.7410441171

ToBsJ S

-J.L
409 (iO 272 1368

31991511

OrftBork.
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Greenock. An account of the total number of ships, with their January 1815 and 1816, distinguishing British ships Grasial

>—/-—' tonnage and men, including their repeated voyages, from foreign, but omitting such ships as have entered Greaiwj

that have entered inwards and cleared outwards at this or cleared before at any other port in England or Scot- ^"Vl
port, from and to foreign parts in the years ending 5tli land.

Inwards. Ourw^RDS 1

British. Foreign. British. Foreign,
j

Ships. Tons. Men. ships Tons. Men. ships. Tons Men Ships. Tons. Men.

Year ending 5th Jan. 1815,

Do. 5th Jan. 1816,

327
347

55,229
55,337

3392
3309

5

30
999
8155

60
396

354
350

59,490
55,524

4149
3615

5
28

1007

7087
69

376

An account of all vessels entered inwards and clear-

ed outwards coastwise at this port, in the years ending

5th January 1815 and 1816.

Inwards. | Outwards. |

Ships. Tons. .Men. Ships. Tons. Men.

Years ending 7
Jan. 5. 1815, J
Do. 1816,

562

513

27,886

27,128

1894

1813

557

545

28,061

28,591

1883

1904

The herring fishery has been long an object of im-

portance to the town of Greenock. So far back as tlie

year 1688, it was carried on to a considerable extent.

Since that period, it has experienced frequent vicissi-

tudes. The following statement will shew its present

situation

:

In the year ending the 5th of April 1815, there clear-

ed out for the herring fishery 177 vessels, 6896 tons,

ipanned with 958 men. Carried out 688,171 square
yards of netting, 68,205^ bushels of British salt, and
36,801^ barrels.

Entered inwards from do. 174 vessels, 6612^ tons.

Carried in 24,503.| bushels salt, 11,.991* barrels (not
filled) with herrings, and 23,603^ barrels of herrings.

Exported to Ireland, 5828 barrels ; to the north of
Europe 350 ; to the West Indies 24,203. Total ex-
ported 30,381 barrels.

In the year ending the 5th ofApril 1816, there clear-

ed out for the fishery 149 vessels, 5623 tons, manned
with 814 men. Carried out 547,167 square yards of
netting, S3,434i bushels of salt, 30,172 barrels.

Entered inwards from the fishery 157 vessels, 5975
tons. Carried in 15,382 bushels salt, 6941 empty bar-
rels, and 24,275^ barrels of herrings.

Herrings exported to Ireland, 4478 barrels ; to the
north of Europe 859 ; and to the West Indies 23,368.
Total exported 28,705 ban-els.

, An account of the amount of duties received at the
port of Greenock, for the two years ending 6th January
1815 and I8I6.

Yearending5th January 1815, £376,713 15 10^
Do. 5th January 1816, 403,176 6" 8

' Account of the amount of drawbacks and bounties
paid for the same period.

Drawbacks. Bounties.

Yeajending Jan.5. 1815, £41,120 5 7^ £67,978 8 3?
Do. Jan.5. 1816, 32,924 2 3f 81,617 I9 l|

The excise duties and chrawbacks are not included in
the above.

The total receipt of the duties of customs at the

^J'l^cff-,?^"'^''', y^^^ ^""^'"g ^^^ J^""a'-y 1816, was
*-*03,176, 68. 84. prmcipaUy under the following

Upon general goods imported
Upon sugar, rum, coffee, tobacco,

wine, &c. for home consump-
tion

And upon general goods exported

£115,717 13 11^

275,111 10
12,347 2

2i

I*

£403,176 6 8

And there was paid during said year for bounties, on
linen, sail cloth, silk, sugar, and cordage exported,

£81,617, 19s. 2id.

Vessels entered and cleared at the custom-house 1815,
and paid harbour dues in and out.

Harbour Dues.

£4811 13 4
214 18 3
312
350 P

£5688 11 7

The slaughter of cattle, &c. for the years ending
September 1813, 1814, and 1815.

1638 ves.sels, 177,906 tons, . . .

1 SO lighters employed on the river

From steam boats . . . .

Anchorage revenue

Year. Cows. l.'alves. Sheep. Lambs. Goats. Hogs. Revenue.

1813
1814
1815

1721

I9TS

2391

1777
1904
1996

13,363

1,3,911

15,105

7003
7692
8500

1

12
224
488
285

£223 8 9
246 2 6
272 6 3

Making an average per year for three years of £ 247,
5s. lOd.

In 1 757, the population of Greenock was 5900. In
1781, it was 12,000. In 1792, it was 14,299. In
1797, it was 15,000. In 1802, it was 17,458, the num-
ber of houses being 1029; of males 8194, and of fe-

males 9262. In 1804, it was 20,000. And in 1811,
it was, exclusive of those at sea, 19,042, having increa-
sed in the preceding 20 years 4743, or 1212 males, and
3531 females. Greenock is a burgh ofbarony. It was
erected in 1757, by Sir John Shaw Stuart the superior,

and is governed by a council of 9 feuers, 2 ofwhom are
annually elected to the office of bailies, with corre-

sponding powers. In 1795, the rental of the parish,

comprising 5065 Scots acres, was £ 3500 sterling, its

valued rent being £2285 Scots. In 1810, the rental

was 10,000 sterling, (t)

GREENWICH, is a market town of England, in the
hundred of Blackheath, and county of Kent. It is de-
lightfully situated on the south bank of the Thames,
where the river is from S20 to 360 yards broad at low
water, and is principally celebrated for its splendid na-
val hospital, and for the Royal Observatory. The kings
of England had a royal residence at Greenwich since

the reign of Edward I. A. D. 1 300. After the restora-

tion of Charles I. when the buildings had fallen almost
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into ruin, this monarch ordered them to be taken down,

and a magnificent palace of freestone to be erected on

tlie spot, from the designs of Webb, the son-in-law of

Inigo Jones. Only one wing of this ciHtice was com-
pleted at the cxpcnce of jf36,000. Cliarles occasionally

resided in it ; but it was not till the reign of William

III. that any farther progress was made in the building.

The government having resolved, on the suggestion of

the queen, to |)rovicle an asylum for old and disabled

seamen. Sir Cliristopher Wren recommended that the

unfinished palace should be devoted to this purjiosc.

A grant of the palace and adjoining lands was made in

1609 to commissioners. The foundation stone was
laid on the 3d Jinie l6.0f>, jmd was gradually enlarged

and improved till it reached its present state of splen-

dour and magnificence.

The following account of Greenwich Hospital has

been abridged from a very full and excellent description

of it in the Beauties of England and Wales.

Greenwich Hospital is principally built with Port-

land stone, and consists of four distinct quadrangidar

masses of buildings, distinguished by the names of the

respective sovereigns, in whose reigns they were found-

ed or built. The grand front opens on a terrace, skirt-

ing the .southern bank of the Thames, and extends 8b"5

feet in length, in the centre of which is a descent to

the river, by adouble flight of steps. The ground plan

of the whole edifice forms nearly a square, of which
King Charles's building occupies the north-west angle ;

Queen Anne's, the northeast; King William's, the

south-west ; and Queen Mary's, the south-east. The in-

terval between tiie two former buildings forms a square

270 feet wide, in the middle of which is a statue of George
II. sculptured by Rysbrach, out of a single block of

white marble, which weighed 1 1 tons, and was taken

from the French by Admiral Rooke : this statue was
given to the hospital by .'^ir John Jennings, who was
governor from 1720 to 11W. The inscriptions on the

petlestal were by Mr Haug.-m. The space between the

two latter buildings which include the hall and chapel,

with their elegant domes, and the two colonnades,

forms a lesser square. The two squares are intersect-

ed by a spacious avenue, leading from the town through
the hospital. The buildings which immediately front

the Thames have a general correspondence in style and
arrangement The north and south fronts of each ex-

hibit the appearance of a double pavilion, conjoined
above by the continuation of an Attic order, with a
balustrade, which surmounts th« whole, but is separa-

ted below by an open portal. The centre of each pa-
vilion displays an elegant pediment, supported by four
Corinthian columns, and the sides a double pilaster of
the same order. King Charles's building contains the
apartments of tlie governor and lieutenant-governor,

the council-room, and anti-chamber: with 14 wards,
wherein SOO pensioners may be accommodated. In
the council-room are several portraits : in the anti-

chamber two large sea-pieces, given to the hospital by
Philip Harman, Esq. ; and a series of six small pieces,

representing the loss of the Luxemburgh galley, in

1727. Queen Anne's building, which was erected be-
tween 1698 and 17'^8, contains several apartments for

inferior officers, with S* wards for 4'S7 pensioners.
King William's building stands to tlie south-west of
the great square, and comprises the great hall, vestibule,

and dome, designed and erected by Sir Christopher
Wreti, between tlie years l6y8 and 1703. To the in-
ner side of each range is attached a colonnade 317 feet

tOL. jc. r;>BT lU

in length, sujiported by Doric column*, and pila8t«r« Greftiwidi.

20 feet in height. The great hall, or saloon, ift 106 '"""V™^
feet in length, 5^ in width, and 50 high : the ceiling (;re«iiirich

and sides are covere<l with portraits and emblematical Mo«pitil.

figures, executed by Sir James Tliornhill, for which he
W'as paid at the rate of L..3 per square yanl for the
ceiling, and L.l for the sides, amounting in the whole
to L.6685. The west front of King William's build<
ing, which is of brick, was finished about 1725 by Sir
John Vanbrugh : the building contains 1 1 wards,
wherein are ^t>\ beds. The foundation of the eastern
colonnade, which is similar to that on the west side,

was laid in 1699 ; but the chapel, and the other parts of
Queen Mary's building which adjoin to it, were not fi-

nished till 17.52. It corresponds with King William's,
and is furnished with 109'2 beds, in 13 wards. The cha-
pel which forms part of Queen Mary's building, is one
of the most elegant specimens of Grecian architecture in
this kingdom, and was erected from the classical de-
signs of the late James Stuart, Esq. It is 111 feet in

length, and 52 in width, and is capable of accommoda-
ting 1000 pensioners, nurses, and boys, exclusive of the
seats for the directors and other officers. The entrance
portal consists of an architrave, frieze, and cornice, of
statuary marble : the folding-doors are of mahogany,
highly enriched by carving. The interior is finished

in an elegant style, and is adorned with many appro-
priate paintings, the most distinguished of which is the
altar-piece, executed by West, and representing the
preservation of St Paul on the island of Melita. There
is a double range of windows on each side of the cha-
pel. Without the walls of the hospital stands the in-

firmary, erected in 176"3, after a design by Stuart:

it forms an oblong quadrangle, 198 ieet long and
1 75 broad, consists of two stories, and is divided into

two princijial parts, appropriated respectively to those
whose cases require surgical aid, and to those who
need only medical assistimce. It contains sixty-four

rooms, and each is fitted up for the accommodation of
four patients. It also includes a chapel, hall, kitch-

en, and apartments for the physician, surgeon, and
apothecary; with hot and cold baths, and other neces-

sary offices. Near the hospital is the school, where
200 poor children are educated. The school-house was
erected in 1783, by Stuart. It is 146 feet long, 42
broad, exclusive of a Tuscan colonnade in front 180
feet long, and 20 broad, for the boys to play in during

liad weather. The pensioners, who are the objects of
this noble c!i:u-ity, must be seamen disabled by age, or

maimed, either in the king's service, or in the merchant
service, if the wounds were received in defending or

taking any ship, or in fight against a pirate. Foreigners

who have served two years in the British navy, become
ehtitled to the benefits of this institution in the same
manner as natives. The widows of seamen are provi-

ded for, having the exclusive privilege of being nurses

in the hospital. The number of pensioners is upwards
of 2400, (of whom at an average 203 die annually,)

who are furnished with clothes, diet, and lodging, with

a small allowance of pocket-money. The nurses are -

144, each of whom receives eight pounds per annum as

wages, with every necessary of life. The commission-

ers of the hospital are about 100, and consist of all the

great officers of state, the archbishops, the lord chance-

for, the judges, the master and five senior brethren of

Trinity-house, the lord mayor, and three senior alder- •

men of London, with some of the principal officers of

the hospital. The annual average expence of each per-

3«



G R E 506 G R E

'Greenwich

patk.

Grfenwich. sioner, according to the report of the commissioners of
"""^"'^ naval enquiry, was estimated at L. 2"

: 10: 9 per man ;

and of the nurses, L.29, 15s. each, the total annual ex.

pence being L. 69,206, 5s. The funds of the establish.

ment are principally derived from a duty of sixpence

per month, paid by every mariner, either in the king's

or merchant's service ; the forfeited estates of the Earl

of Derwentwater, containing many valuable lead and

other mines ; various benefactions from different sove-

reigns, from parliament, and from private persons, from

fines for offences committed on the Thames, from the

half-pay of such of its officers as have regular salaries,

and from other sources of less importance.

Greenwich park, which is vested in the crown, was

encircled with a wall by James I. and contains 188

acres. It is planted chiefly with elms and Spanish

chesnuts, some of which are of a very large size. In

one part of the park are the remains of many ancient

barrows, in some of which were found human bones,

spear heads, &c. The upper part of the park is con-

siderably elevated above the Thames ; and on one of

the eminences stands the Royal Observatory, which

•was built by Charles II. in 1675, on the site of the

ancient tower erected by Duke Humphrey in the reign

of Henry VI. It is built of brick, and is by no means

an elegant structure ; but it contains excellent apart-

ments for the Astronomer Royal, and commodious

rooms for the admirable instruments, with which it is

now furnished. Flamstead, the first Astronomer Royal,

died in December 1719, and was succeeded by Dr
Halley. Dr Bradley succeeded upon the death of

Halleyin 1742, and died in 1762. Dr Bliss held the

office for two years, and was succeeded in 1764 by

Dr Maskelyne. Mr Pond, the present Astronomer
Royal, suceededDr Maskelyne in 1811, and, by means
x)f the fine mural circle constructed by Troughton, has

already made a series of the most valuable observations,

tlecidedly the most accurate that have been made in

any of the other observatories of Europe.

(Royal ob'

servatory.

A farther account of the institution, and of the instru-

ments it contains, will be found in our history of As-
tronomy, and in the articles Circle and Observa-
tory.

_
>

The church of Greenwich is an elegant stone build-

ing, and was erected in 1718. Greenwich contains

two hospitals for poor people, and several schools for

the education of the poor, and some excellent boarding

schools.

The following is the population abstract for 1811,,

for the town of Greenwich :

Number of houses 2,315
Number of families 3,276
Ditto employed in agriculture g6
Ditto in trade and manufactures . . . 1,002
Males 8,723
Females 8,224
Total population 16,947

GREGORIAN Calendar. See "Chronology.
GREGORIAN Telescope. See Optics.
GREGORY, St Vincent. See Geometry.
GREGORY, James, an eminent Scotch mathemati-

cian and natural philosopher, was born at Aberdeen in

the month of November 1638. He was a son of the

Bev. Mr John Gregory of Drumoak, in Aberdeenshire,*
who was married to the daughter of Mr David Ander-
son of Finshaugh, the brother of Alexander Anderson,
who was professor of mathematics at Paris : (See An-
derson). Having lost his father in the 13th year of his

age, the charge of his education devolved upon his elder

brother David Gregory, who put into his hand the Ele-

ments of Euclid, and stimulated the ardour Avhich he
had begun to show for mathematical learning. After

having completed his philosophical studies at the Ma-
rischal College of Aberdeen, James Gregory directed

his particular attention to the subject of optics, and he
published the results of his labours in a work entitled

Grcgoruif

n |l
Gregor) i

James i

• The following quotations, relative to the Rev. John Gregory of Drumoak, are taken from Spalding's History of the Troubles in

ScotlanJ, from 1624' to 1645

:

" Upon the second day of June 1640, Mr John Gregory, minister at Drumoak, was brought into Monro by a party of soldiers: He
was taken out of his naked bed upon the night, and his house pitifully plundered. He was closely keeped in Skipper Anderson's

house, having five musketeers watching him night and day, and sustained upon his own expences. No not his own wife could have
private conference with him, so strictly was he there watched. At last he is fined to pay Major-General Monro 1100 merks, for his

outstanding against the covenant, and syne got liberty to go ; but in the General Assembly holden in July, he was nevertheless sim-
pliciter deprived, because he would not subscribe the covenant ; and when all was done, he is forced to come in and yield to subscribe

the covenant.
" Next, Mr John Gregory having been summoned to appear before the General Assembly (1640), by and attour his being fined in

1000 merks, as ye have before, was deposed from the ministry of Drumoak. The Laird of Drum deals for him, being his own pas-

tor, and upon swearing and subscribing the covenant, and teaching penitentially, with great difficulty he was again restored (1641) to

his own parish kirk.

" Upon Thursday, the I5th of April 1641, being a presbytery day, Mr John Gregory, of whom ye heard before, teached a peniten-
tial sermon in New Aberdeen. It was not found satisfactory by Mr James Hervie, IVIoderator, and the remanent members of the
Presbytery, and he was ordained to put the same in write. The brethren advised the same with the next Provincial Assembly, who
found it not satisfactory, and therefore they ordained him to preach penitentially at certain kirks, till he gave content to the next en-
suing General Assembly; which he obeyed. He was received and reinstated in his kirk (1641).

" Upon Tuesday, the 6th of September 1642, Mr John Gregory, at the visitation of the kirk of New Aberdeen, teached most learn-

edly upon the fourth verse of the second chapter of the Colossians, and reprehended the order of our kirk, and new brought in points.
Mr Andrew Cant, sitting beside the reader, as his use was, offended at this doctrine, quickly closed the reader's book, and laid down
the glass before it was run, thinking the minister should the sooner make an end ; but he beheld and preached half an hour longer
than the time. Sermon being ended, the brethren conveen to their visitation, where Mr Andrew Cant impugned this doctrine, desi-
rmg the said Mr John to put the same in write. He answered, he would not only write, but print his preaching, if need so requi.
red, and abide by all that he had teached as orthodox doctrine. The brethren heard all, and had their own opinions, but without any
more censure they dissolved, somewhat peturbed with Cant's curiosity.
"Upon Thursday he railed out in his .sermon against the said Mr John Gregory's doctrine, and on Sunday likewise. At last, by

mediation of the town's baillies, at a cup of wine, they two were agreed, and settled, with small credit to Cant's business."
Mr Gregory of Drumoak was one of the first persons in Scotland who understood the use of the barometer as an instrument for

predicting the weather. Having one day observed that the mercury was falling rapidly, he advised his parishioners to remove the
sheaves of corn from the low grounds on the banks of the river Dee. They immediately followed his advice, and when they found
hn prediction verified by an unusual rise of the river, they were naturally led to regard him as a being of a superior order. Mr Grc-
gory died about the year 1652.

jo si
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Optica promola sen ahdUa radinrvm rcflexorum et refrac-

tonim mysteria, gcomelrice enucleala, aii subncctilur Ap-
pendix sulitilissimornm axlronomitc prohlematiim rcsolutto-

nem exhihcns, Lond. l6iiX It was dedicated to Charles

II. mid was completed with the assistance and encoiu
rageinent ol' his brother David, after he had been stop-

peil a long time at tlie twenty-sixth problem.* This
work is remarkable, as containing the (l('scri|)tion of a

new reflecting telescope, and the deduction of the true

law of refraction. The method in which he has inves-

tigated this law, is remarkable for its elegance and ori-

ginality ; and, in his experimental demonstration of it,

we are furnished with a striking proof of the accuracy
of his observations. In comparing the refractions cal-

culated by tlie law, with the experiments of Vitellio on
the refractions of water and glass, the greatest error

amounts to 6 1' in water, and 9t' in refractions from
glass into water. When compared with the experi-

ments of Athanasius Kircher, the greatest error in wa-
ter is 89', in wine HO', in oil lOl', and in glass 93';

but in comparing them with his own observations, the
greatest error is only 1 5' ; and it is remarkable, that

he made the index of refraction for water 1 .3.947, dif-

fering only 0.0018 from 1.3358 the most accurate mea-
sure, whereas Vitellio made it 1 .306. Before the publica-

tion of the Optica Promola, Gregory was informed, that

he was anticipated in the discovery of the law of refrac-

tion by Descartes, and he thus alludes to it in his pre-

face :

—

El ex analogiis in prima hujits tractatuU propo-
sitione declaratis, invent primam hujiis optica; partem, de
venuina refractionum hi/pot/icsi ct mcnsura nescius sci-

licet (propter inopiam novorum librorum Mat/iemalico-

rum in alias inclyta Bihliotheca Abredonemi) hcec ea-

dem a Cartesio Juisse invenla.

The invention of the reflecting telescope formed an
epoch in optics and astronora}'. Gregory was not ac-

quainted with the errors in dioptric instruments, ari-

sing from tlie unequal refrangibility of the rays of
light ; and his principal object in proposing this new
instrument, was to avoid the error arising from the
spherical figure of the lenses. It consisted of a para-

bolic concave mirror, near whose focus is placed a small

concave elliptic speculum, having a common focus with
the paj'abolic one. This instrument gave rise to the New-
tonian telescope, in which the small mirror is plane, and
reflects the image to the side of the tube where the eye-

glass is placed ; aiwl also to the Cassegrainian telescope,

which differs only from that of Gregory, in having the
small speculum convex instead of concave. The Gre-
gorian principle has been almost universally used for

telescopes of a moderate size. The Newtonian form
has been adopted in the magnificent instruments used
by Dr Herschel ; but it is extremely probable, that the

Cassegrainian telescope, in which the rays never cross

each other at a focus, t will hereafter be -considered as

the most valuable of the reflecting telescopes. The
Optica Promola is terminated by a collection of astro-

nomical problems. The object of one of these, i( to 0"ll"T<

determine the parallaxes of two planets from tlieir con-
J^*"^.

junction ; and, in a scholium to this problem, he (Kiints '

"~

out the great use of the transits of Venus ami Mercury,

in determining the sun's parallax. % 'l''>'' happy idea,

which has since been of such service to astronomy, ha*

always been ascribed to Dr Halley.

Mr Gregory went to London about the year Ififit or

16()5, and was introduced to Mr Collins, the secretarj-

to the Royal Society, who introduced him to some of

the best practical opticians, for the purpose of having

his reflecting telescope executed. A Mr Rives was em-
ployed for this purpose, but he could not polish the spe-

culum upon the tool, and was therefore obliged to do it

with a cloth and putty. The success of this trial was so

little, that Gregory was discouraged from making any
farther atttmpts, and a tube was never even made to

hold the mirrors. He afterwards, however, made some
trials with a little concave and convex speculum ; but,

to use his own words, " they wcr but rude, seeing i,

had but transient views of the object ; being so possess-

ed with the fancie of the defective figure, that I wold net

be at the pains to fix every thing in its due distance."

After these unsuccessful attempts to construct a rc»

fleeting telescope, Gregory left England, and fixed

his residence at Padua, which was then in high repute

as a seat of mathematical learning. Here he published,

in 1 ()()7, 1 668, his work, entitled, Vera Circttli el //j>

perbolx Qiiadralura in propria sua proportiotiis specie

inventa, rl demonslrata, which contains his discovery of

an infinitely converging series for the areas of the circle,

ellipsis, and hyperbola. A copy of this work was laid

before the Royal Society by his friend Mr Collins, and

was honoured with the approbation of I,ord Brouncke»

and Mr Wallis. In the following year he reprinted it

at Venice, and added a new work, entitled, Geometrica:

pars universalis quaniitatum curvarum transmutalioni el

mensurcE, inserviens, which contains a new method for

the transmutation of curves. This work had previ-

ously appeared at Padua in l668 ; and, upon its arrival

in England, was read by Mr Collins to the Royal So«

ciety.

In the year I67O, Mr Gregory received, in a letter

from Mr Collins, a series for the area of the zone of a

circle, and being informed that Newton had invented

an universal method by which he could square all^

curves geometrical and mechanical by infinite series of

that kind, Gregory applied himself to the investigation

of the subject, and discovered an universal method of

series, which he communicated to Newton, and the

other English mathematicians, by a letter to Collins,

dated February I67I. His brother David urged him

to publish this method without delay ; but he declined

this from the most honourable motives ; for Newton
having been the first inventor, he thought himself

bound to wait till his method should be published.

Upon Mr Gregory's return to London, we believe in

• " Ubi diu hasi omni spe progrediendi orbatus ; sed conliouis horlatibua ct auxiliis Tratris mci Davidis Grcgorii in raathematicU

non parum versati (cui siquid in hifce scicntiis prestitero, me iliiid debere non inficia.s ibo) animatus tandem incidi in seriam tmagi-

ni9 considerationem, &c." Pref. ad Optic. Fromot.

f The effect of the collision of the rays in the focus was first noticed by Dr Brewster, in the most perfect achromatic te-escopcs?

(.See Treatise on New Pkiloaophicat Jmtruuienta, p. 4k and 193.) It was afterwards observed in reflecting telescopes by Mr Katcr,

who has examined the subject with much attention and success : (See fkU. Tram 1813, I8H.) We have found from experiment, that

the heat of a burning len^, as well as the light, is more intense within than witliout the focus, and that radiant heat is also most in-

tense within the focus. Mr Leslie had long before obtained the same result with regard to radiant heat. It is therefore certain,

that this diminution of efifect must arise from the collision of the luminous as will as of the calorific rays. We may therefore lay it

down as a principle in the construction of optical instruments, that the rays should, if possible, never be brought to a positive focus.

X " Hoc Probloma pulcherrimum babet usum, sed forsan laboriosum in observationibus Tcncris vel Mercurii partinilam iolit oU-

Kurantit : ex talibua eaim solis paralUxis investigari poteriU" Oftic, iVomoJ. schol. prop. 87.
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1668, he was elected a fellow of the Royal Society, and

laid before them an account of a dispute in Italy rela-

tive to the Earth's motion, which Riccioli and his fol-

lowers had denied. About this time also he engaged

in a dispute witli the celebrated Huygens through the

medium of the Philosophical Transactions. Huygens
published in the Jounial ties S(,avans, July 'id l66'8,

some animadversions on Gregory's quadrature oftlie cir-

cle, and particularly objected to tlie proposition which

stated, the impossibility of expressing perfectly the area

of a circle in any known algebraical form besides that

•f an infinite converging series. Gregory defended

himself in the 37th Number of the P/i//ora/)/«'ca/ Trans-

actions, and the dispute was carried on with consider-

able warmth by both parties. The whole of the con-

troversy will be found in Huygens' Ojiera Varia, vol. ii.

p. 4-63.

In 1668, Gregory published in London his Exerci-

tationes Gemnelricce, a small work of twenty-six pages,

which contains the following subjects

:

Appendicula ad verum Circuli et Hyperbola Quadra-
turam.

N. Mercatoris Quadratura Hyperbolae Geometrice
demonstrata.

Analogia inter Lineam Meridianam Planispherii Nau-
tici et Tangentes Artificales Geometrice demonstrata

;

seu quod secantium Naturalium additio efiiciat Tan-
gentes Artificiales.

Item, Quod Tangentium Naturalium additio efficit

Secantes Artificiales.

Quadratura Conchoidis.

Quadratura Cissoidis.

Methodus Facilis et Accur^ta componendi Secantes
et Tangentes Artificiales.

The preface to this work, and the introduction to the
Appendicula, &c. are remarkably interesting, in so far as

they throw considerable light on the dispositions of our
author. He speaks with great severity ofthejealousy and
injustice of his contemporaries, and alludes'to the treat-

ment which he had received from Huygens. In the in-

troduction to the Appendicula, he resumes this subject
with more keenness. He declares, that Huygens had
accused him of ignorance and plagiarism ; and after ar-

guing against Huygens' claim to the discoverj-, he con-
cludes with this remarkable passage : " At parum re-

fert quis sit ejus primus inventor, satis enim constat me
primum esse publicatorem ; neque mihi esset difficile

affirraare (si modo mentiri vellem") me ante 20 annos
illam cognovisse : utcunque sit, conabor hie circuli et
hyperboiaj quadraturam ad talem perfectionem promo-
vere, ut Hugenius prolem suam vix cognoscat."
Mr Gregory was about this time elected professor of

mathematics in the university of St Andrew's. In 1669,
he married the daughter of George Jamieson, the cele-
brated Scottish painter, by whom he had a son, James,
the father of Dr John Gregory, (the subject of a suc-
ceeding article,) and two daughters. In August 1672,
he began a correspondence with his friend Mr Collins,
relative to the comparative merits of his own telescope,
and that of Sir Isaac Newton. The sentiments of the

In the year 1669, a work was published at Rotter-

dam, by Mr George Sinclair, professor of philosophy in

the university of Glasgow, entitled Ars nova et Magna
Cravtlalis et Levitalis ; and another work on hydrosta-

tics, by the same author, appeared at Edinburgh in

1672. Mr Sinclair had been dismissed from his pro-

fessorship soon after the restoration, on account of his

political principles, and had given offence to the Royal

Society of London, by charging them with negligence

and injustice. He appears also to have acted impro-

perly towards one of Mr Gregory's colleagues, and thus

to have incurred the displeasure of that mathematician.

In the year 1672, Gregory, under the assumed name of

Patrick Mathers, archbedal to the university of St
Andrew's, attacked Sinclair in a tract, entitled The great

and nciy art of' neighing Vanitt/, or a discovery of' the

Ignorance and Arrogance of the great and new Artist,

in his Pseudo-philosophical writings. To this work is

annexed Tentamina de molu penduli et projcctorum.

In 1674, Gregory was called to the mathematical

chair in the university of Edinburgh, a situation which
he did not live long to enjoy. In the month of Octo*

ber 1675, when he was walking home from supper, he
was struck suddenly blind, and expired a few days af-

terwai'ds, in the 36th year of his age.

The following is a list of the inventions and disco-

veries of James Gregoiy, as given by Dr Hutton. The
reflecting telescope ; burning mirror ; * quadrature of

the circle^ ellipse, and hyperbola ; method for the trans-

mutation of curves; geometrical demonstration ofLord
Brouncker's series for squaring the hyperbola ; demon-
stration that the meridian line is analogous to a scale of

logarithmic tangents, of the half complements of the

latitude ; a simple converging series for making loga-

rithms ; solution of the famous Keplerian problem, by
an infinite series ; method of drawing tangents to curves

geometrically, without previous calculation ; a rule for

the direct and inverse method of tangents, depend-

ing on the principle of exhaustions ; a series for the

length of the arc of a circle from the tangent, and vice

versa, and also for the secant and logarithmic tangent,

and secant and vice versa ; and serieses for the length

of the elliptic and hyperbolic curves. See Hutton's

Mathematical Dictionary, 2d edition, p. 6OI, &c. and
the other works quoted in the article.

GREGORY, David, Dr, a celebrated astronomer

and mathematician, was the nephew of the subject of

the preceding article, and the eldest son of David Gre-

gory of Kinnairdie. He was born at Aberdeen in the

year 166I, and after receiving his education at the

grammar school of that town, he went to Edinburgh

for the purpose of completing his studies. In 1684',

when he was only 23 years of age, he was appointed

professor ofmathematics in the university of Edinburgh,

and in the same year he published his work, entitled,

Exercitatio Geometrica de Dimensione Figurarum sive

specimen metkodi generalis Dimetiendi quasvis Jiguras.

Mr Gregory having found among his micle's papers par-

ticular examples of infinite series, without any of the

methods, proposes in this treatise to explain a method
two philosophers were communicated to each other by which may suit the examples given by his uncle ; and
their respective friends, and the dispute was thus car- he does this by applying the principles of indivisibles,
ned on >n the most amicable manner. The corre- and the arithmetic of infinites, to particular cases in hy-
spondence has been published by Dr Desaguliers, at the perbolas, parabolas, ellipses, spirals, cycloids, conchoids,
end ot his edition of Dr David Gregory's Catoptrics, and cissoids. He also explains several methods of redu-
and Dioptrics.

j.jj,g compound quantities into infinite series, so that

* See our article Buknino Instkumimts, vol. v. p. 13k



GREGORY. 509
the method of infinites may be conveniently applied to

them.
Dr Gregory seems to have been one of the earliest

supporters of the Newtonian philosophy in Britain ; and

while the doctrines of Descartes were in tlie liighest

esteem at Cambridge, tlie true system of the universe

was publicly taught in the university of Edinburgh.

lu consecjuence of a report that Dr Bernard pro-

posed to resign the Savilian profes-sorship ofastronomy

at Oxford, Gregory went to London in I6'9I, and, in

spite of the brilliant tilents of his competitor Dr Hal-

ley, he was appointed to succeed Dr Bernard, through

the friendship and influence of Sir Isaac Newton and
Mr F'lamstead. Halley, who lost this appointment

in consequence of his attachment to infidelity, became
afterwards the colleague of DrGrej^ory, when, in 1703,

he succeeded to Dr Wallis as Savilian professor of geo-

metry. During Mr Gregory's residence in London, he

was elected a fellow of the Royal Societ}', and before

his appointment to the mathematical chair, the univer-

sity of Oxford had conferred upon him the degree of
doctor of physic.

In tlie year 1692, Viviani, one of the disciples of

fialileo,"had proposed to mathematicians the Florentine

problem of the quadrable dome. Leibnitz and Ber-

noulli had resolved this problem on the very day on
which they had received it, and the Marquis L' Hospi-
tal had also given a solution. Dr Wallis and Dr Gre-
gory were equally successful, and the latter published

his solution in the Philosophical Transacliotisfor iGQS,

under the title of Solution of the Florentine Problem,

concernvia the Tesludo veliformis Qiiadrabilis. In 1694,

he published another paper in the Transactions, con-

taining a vindication of his uncle from a charge pre-

ferred by the Abbot Galloise, * that James Gregory and
Dr Barrow had stolen from Boberval their general pro-

positions concerning the transformation of curves.

Galloise replied in the Memoirs of the Acadcmi/ for

178 J ; and Dr Gregory put an end to the controversy

by a very sharp answer, which appeared in the Philo-

sophical Transactions for 1716, and which was the last

of his communications to that learned body.

In lO'S.?, Mr Gregory published at Oxford his Catoptri-

cs el Dioptric<B Sphericw Elementa, a Work which formed
the substance of lectures which he delivered in ItiSi,

in the university of Edinburgh, and which require no
higher mathematical knowledge than the elements of

Euclid. This work was republished and translated by
Dr William Browne, with several important additions;

and a third edition of it by Dr Desaguliers, appeared in

1735. In tliis work it is stated, that in the construction

of telescopes, " it would perhaps be of service to make
the object lens of a different medium, as we see done in

the fabric of the eye, where the crystalline humour
(•whose powers of refracting the rays of light differs

very little from that of glass) is by nature, who never
does any thing in vain, joined with the aqueous and
vitreous humours, (not differing from water as to their

power of refraction, ) in order that tlie image may be
)tainted as distinct as possible on the bottom of the

eye." We cannot agree with the biographers ol' Dr
Gregory, in considering this suggestion as any thing
like an anticipation of the jti-inciple of the achromatic
telescope ; for it was impossible to form an idea of the

construction of that instrument, till it was discovered

that bodies posMM difTercnt dispersive powT>r». This
remarkable property of light, even the penetrating mind
of Newton failed to discover ; and we must not allow

ourselves to diminish the well-earned reputation of
Dollond, by giving to another any portion of the praise

whicii is so exclusively due to himself. In the year
1 747, more than .'50 years after this conjecture of Dr
David Gregory was published, the celebrated Euler
suggested the human eye as the model of an achronia<
tic telescope, and several ignorant foreigners have ven«
tured to claijn a share of DoUond's merit for this illug«

trious mathematician. Whatever credit therefore may
be given to Euler, must now be claimed for our coun*
tryman David Gregory.

In the year 16<)7, our autlior published, in the Phil.

Transactions, a long paper 0» the jiroperties of the ca-

tenaria or curve line, Jormed by a heavy and Jlexibte

chain, hanging freely from two points of su'pension.

The leading properties contained in this communica-
tion, had been previously discovered and published by
Huj'gens, Leibnitz, and Bernoulli, but without de-

monstrations ; and Mr Gregory proposed to himself to

demonstrate these properties. An anonymous writer

in the Leipsic Acts for February 1691, attacked this

paper as destitute of originality. Dr Gregory replied

to this attack in the Phil. Tracts, for 1699, and claimed

as his own discovery the property of the catenaria as

being the true geometrical ngure of an equilibrated

arch. This discovery, however, had been previously

made by Dr Hooke. t
The greatest of Dr Gregory's works, and that on

which his fame must rest, appeared at Oxford in 1 702,

entitled Astronmniae Physicae et Geometric Elementa,

Fol. In this valuable work, all the physical explana-

tions are founded on the principles of the Newtonian
philosophy ; and the geometrical parts are either proved
by reference to the writings of standard authors, or de-

monstrated by lemmas inserted in their jiroper places.

A very admirable analysis of tliis work was given, ap-

parently by Dr Halley, in the Phil. Trans, for 170.'?.

Newton himself considered these elements as an excel-

lent defence and exposition of his philosophy.

This work was followed, in 1 703, with an edition of

Euclid, entitled Enclidis qua sitpersunt omnia, Gr. el

Lai. ex rccensimtc Davidis Gregorii, M. D. &c. It was
published in prosecution of a plan of Sir Henrj- Sa-

ville to print the works of the ancient mathemati-

cians. It contains the Elements; the Data; two mu-
sical tracts ; the Optics and Catoptrics ; the tract De
Divisionibus ; and a fragment, Dc Levi et PondirO'

to.

In the year 1704, Dr Gregory published, in the

Philosophical Transactions, a paper on Cas,sini's Orbit

of the Planets, in which he shewed that the h3T)othe-

tical curve proposed by that astronomer, is not consist-

ent with the received doctrines of astronomy.

After Dr Halley had been appointed to the Savilian

professorship of Geometry in 1703, he embarked with

Dr Gregory in the prosecution of Sir Henry Saville's

plan, and had begun the publication of the Conies of

Apollonius; but alter having proceeded a short way in

this undertaking, he was seized with an illness of which

he died, at Maidenhead in Berkshire, on the 10th of Oc-
tober 1710, in the 49th year of his age.

He leil behind him four sous by rus wife Elizabetli,

* See Hist Acad. Par. 1693.

+ See Robisou's S</»tcm. of Mechanical I'ltUoaophy, Vol. !•



510 GREGORY.
Gregory, daughter of Mr Oliphant of Langtown, to whom he
David. ^35 married in 16'95. Among his manuscripts were

^"""Y""^ found A Short Treatise of the Nature and Arithmetic of

Jjosariihms, which was afterwartls published in Dr
Keill's translation of Commandine's Euclid ; a Trea-

tise of Practical Geometry, which was translated and

published by Mr Maclaurin in 1745 ; and a commentary

on the Principia, which Newton kept by him many
Tears after the author's death. Sir Isaac had entrusted

feregory with a manuscript copy of the PrincifAa for

this purpose, and he availed himself of the aniMtations

of his friend in the second edition of that immortal

work. A complete copy of these observations was pre-

sented, by the present Dr James Gregory, to the libra-

ry of the University of Edinburgh, where it is care-

fully preserved. There are some paragraphs in this

manuscript in the handwriting of Huygens, concerning

Iiis theory of light.

His wife, who survived him, erected an elegant mo-
nument to his memory in the church of St Mary, Ox-
ford, with Uie following inscription :

—

P. M.
Davidis Gbegorh, M. D.

Qui Aberdoniae natus, Jun. 24, 1661,

In Academia Edinburgensi
Matheseos praelector publicus,

Deinde Oxonii

Astronomiae Professor Savillianus,

ObiitOct. 10. A. D. 1710;
.Stalem illi heu brevem Natura concessit,

Sibi ipsi longam prorogavit

Scriptor illustris.

Desideratissimo viro

Elizabetha Uxor.

David Gregory, of Kinnairdie, the brother of the

eelebrated James Gregory, was born in 1627, and ser.

ved an apprenticeship to a mercantile house in Hol-
land ; but having a great passion for knowledge, he re-

turned to Scotland in lG55, when he was 28 years old,

and having succeeded to the estate of Kinnairdie, by
the death of an elder brother, he devoted his time to
mathematics and philosophy. He appears to have been
the first person in the country who had a barometer,
and he had the honour'of corresponding, upon meteoro-
logical subjects, with the celebrated Mariotte. " About
the beginning of the last century," says Dr Ileid, " he
removed with his family to Aberdeen, and, in the
time of Queen Anne's war, employed his thoughts upon
an improvement in artillery, in order to make the shot
of great guns destructive to the enemy, and executed a
model of the engine he had conceived. After making
some experiments with this model which satisfied him,
the old gentleman was so sanguine in the hope of being
useful to the allies in the war against France, that he
Bct about preparing a field equipage with a view to
make a campaign in Flanders, and in the mean time
sent his model to his son, the Savilian Professor, that
he might have his and Sir Isaac Newton's opinion of it.

His son shewed it to Newton, without letting him
know that his own father was the inventor. Sir^Isaac
was much displeased with it, saying, that if it tended
as much to the preservation of mankind as to their de-
struction, the inventor would have deserved a great
leward

; but as it was contrived solely for destruction,
and would soon be known by the enemy, he rather de-
served to be punished, and urged the professor very
strongly to destroy it, and if possible to suppress the
invention. It is probable the professor followed this

advice ; for at his death, which happened soon after, '

the model was not to be found.

When the rebellion broke out in 1715, the old gen-

tleman went over a second time to Holland, and return-

ed when it was over to Aberdeen, where he died, about

1720, in the 93d year of his age. He left behind him
a liistorical manuscript of the transactions of his own
time and country."

Mr Gregoiy had twenty-nine children by two wives,

and he had the good fortune to see three of his sons

professors of mathematics at the same time, viz. David
Gregory at Oxford, James at Edinburgh, and Charles

at St Andrews. James was first a professor of philoso-

phy at St Andrew-s, and succeeded David when he re-

moved to Oxford. Charles was createil professor of
mathematics at St Andrews in 1707, andin]7M9he
resigned that office in favour of his son Professor David
Gregory, who died in 1763, and left behind him a good
compendium of arithmetic and algebra, with the title,

ArithmeticcB et Algehrn compendium, in usum Juventulix

Academicae, Edin. 1736. His son David was master of
an East India ship. David Gregory, the eldest soa
of the Savilian professor, was appointed liegius Profes-

sor of Modern History, at Oxford, and died in 1767,
after having filled, for many years, the situation of dean
of Christ's church. The celebrated James Gregory,
the inventor of the reflecting telescope, had only one
son, James, bom in 1674, who was professor of medi-
cine in King's College, Aberdeen. His youngest son

was Dr John Gregory (the subject of the next article),

and the father of the present Dr James Gregory, pro-

fessor of the practice of medicine in the university of

Edinburgh.
GREGORY, John, Dr, an eminent physician, was

bom at Aberdeen on the Sd of June 1 724, and was the

youngest child of Dr James Gregory, professor of m&.
dicine in King's College, Aberdeen, by his second wife,

Anne Chalmers, the only daughter of the Rev. Princi-

pal Chalmers of King's College.

In consequence of the death of his father when he
was only seven years old, the charge of his education

devolved upon Principal Chalmers, his elder brother

Dr James Gregorj% who had succeeded his I'ather as

professor of medicine, and his cousin the late celebrated

Dr Reid. After receiving the first rudiments of his

education at the grammar school of Aberdeen, he en-

tered King's College, and made rapid progress in the

knowledge of ethics, mathematics, and natural philoso-

pi'y-

In 1742, he went to Edinburgh, accompanied by liis

mother ; and having resolred to pursue the study of

medicine, he attended the different medical lectures,

and became a member of the Medical Society, at a

time when his friend, the celebrated Dr Akenside, was
a member of the same institution. In the year 1745,

Mr Gregory went to Leyden, to complete his profes-

sional studies, under the care of Albinus, Gaubius, and
Van Royen, who were at that time the ornaments of the

university. Here he became acquainted with the fa-

mous John Wilkes and the Hon, Charles Townshend,
two of the greatest wits of the age ; and before he left

this university, he received from King's College, Aber-

deen, an unsolicited degree of doctor oi medicine. Upon
his return from Holland, he was chosen professor of

philosophy in the same college ; and during the years

1747, 1748, and 1749, he read lectures in mathematics,

experimental philosophy, and moral philosophy.

Having resolved, however, to establish himself as a

physician at Aberdeen, lie resigned his professorship in
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the end of 17*9, and went for ft few months to the con-

tinent.

After he returned to Scotland, he married, in 1752,
Elizabeth, daiiffhter of William Lord Forbes, who
brought him a handsome addition to his fortune. This
accomplished and amiable woman, who possessed the

rare combination of great beauty and great intelligence,

lived only nine years after her marriage, and left her
husband and six children to lament their premature
loss.

Perceiving little prospect of succeeding in Aberdeen
to the full extent of his wishes, Dr Gregory resolved to

settle in London, where he arrived in 1 754. He was
chosen a Fellow of the Royal Society in the same year ;

and, from the influence and attachment of his friends,

as well as from his own professional talents, he had the

best prospects of an extensive practice. The deatli of
his elder brother, however, occasioned a vacancy in the

professorship of physic in King's College, Aberdeen

;

and being solicited to accept of this situation, he return-

ed to his native coiuitry in 1756, and began to dis-

charge the duties of his new office.

Among the eminent young men who at that time
adorned the university, were Reid, Campbell, Beattie,

Gerard, John Stewart, professor of mathematics in Ma-
rischal College, and David Skene, a correspondent of

the celebrated Linnaeus. These young men establish-

ed a literary society or club, which met weekly at a

tavern. A short essay was read by each member in ro-

tation, and a literary or philosophical question was pro-

posed every night as a subject of discussion at the fol-

lowing meeting. The proposer of the question was
obliged not only to open the discussion, but to digest

the opinions of the different members in the form of an
essay, which was engrossed in the album of the socie-

ty. Several of those composed by Dr Gregory on phi-

losophical, moral, and political questions, still exist, and
contain some of his favourite opinions. Some of the

separate essays which Dr Gregory contribute<l were
afterwards corrected, and published in 1765, under the

title of A Comparative Fiav of the Stale and Faculties

of Man with those of the Animal World. It was consi-

derably enlarged by the author in a second edition, and
has passed through other editions since his death.

About the end of the year 1 7C4', Dr Gregory remo-
>cd from Aberdeen to Edinburgh. In 1 76'6, he was
appointed professor of the practice of physic, on the

resignation of Dr Rutherford ; and in the same year,

he succeeded Dr Whytt as first physician to his Majes-

ty for Scotland. His lectures on the practice of physic

were deUvered in the years 1 767, 1 768, and 1 769 ; but,

in consequence of an arrangement with Dr Cullen, pro-

fessor of the theory of physic, these celebrated indivi-

duals gave alternate courses of the theory and practice

of medicine. The lectures of Dr Gregory were never

committed to writing. Having made himself fully mas-
ter of his subject by previous meditation, he required

no other aid than a few notes containing the heads of
his lecture. The introductory lectures, however, were
carefully composed, and related principally to the du-
ties and qualifications of a physician. Many copies of

these lectures having been taken by his pupils, one of
them was offered for sale to a bookseller. It therefore

became necessary to anticipate this fraudulent design,

by the publication of a correct copy, which appeared
in 1 770, and afterwards in a more enlarged and perfect

form, in 1772. In the same year, Dr Gregory pub-
lished Elements of the Practice of Physic, for the use of
Students, a work intended as a text-book for the use

Crtgoiy,

John,
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of his pupils. He proposed to embrace all the discasct
of which he treated in his lectures ; but he did not live
to bring the work farther down than to the end of tlic

class of febrile diseases. ^

After the death of his wife in 176'1, Dr Gregory 00.
cupied his solitary hours in the composition of a Fa«
ther's Legacy to his Daughters. This admirable work,
which every mother should study, and every daughter
read, was written under the impression of an early
death. It is marked by a deep knowledge of the world
and of human character, and abounds with the finest
lessons of piety and virtue.

From the eighteenth year of his age, Dr Gregory
had been, at irregular intervals, attacked with the gout;
a disease which he inherited from his mother, who died
suddenly, in 1770, while sitting at table. Dr Gregory
anticipated a similar event for himself, and often men-
tioned this impression to his friends. In January 1 77S,
when conversing with his son, the present Dr Gregory,
the latter remarked, that having had no attack for the
three preceding years, he might expect a prcttj' severe
fit of it that season. His father was displeased with the
prediction, which was unfortunately too correct ; for he
was found deatl on the morning of the 10th of Febru«
ary, although he had gone to bed in his usual health.

" Dr Gregory," says his friend and biographer Mr
Tytler, " was in person considerably above the middle
size. His frame of body was constructed with sym-
metry, but not with elegance. His limbs were not ac-
tive ; he stooped somewhat in his gait; and his counte-
nance, from a fulness of feature, and a heaviness of
eye, gave no external indication of superior powers of
mind or abilities. It was otherwise when engaged in
conversation. His features then became animated, and
his eye most expressive. He had a wannth of tone and
of gesture, which gave a pleasing interest to every thing
which he uttered. But, united with this animation,
there was in him a gentleness and simplicity of man-
ner, wliich, with little attention to the exterior and re-

gulated forms of politeness, was more engaging than
the most finished address. His conversation flowed with
ease ; and when in company with literary men, with-
out affecting a display of knowledge, he was liberal of
the stores of his mind.
He possessed a large share of the social and benevo-

lent affections, and which, in the exercise of his pro-

fession, manifested themselves in many nameless, but
important, attentions to those under his care ; atten-

tions which, proceeding in him from an extended prin-

ciple of humanity, were not squared to the circumstan-

ces or rank of the patient, but ever bestowed most li-

berally where they were most requisite. In the care of
his pupils, he was not satisfied with a faithful discharge

of his public duties. To many of these, strangers in

the country, and far removed from all who had a na-

tural interest in their concerns, it was a matter of no
small importance to enjoy the acquaintance and coun-
tenance of one so universally respected and esteemetl."

Dr Gregory left behind him three sons and two
daughters, the eldest of whom is Dr James Gregory,

professor of the practice of medicine in the university of

Edinburgh, who fully inherits the virtues and talents

of his ancestors. The works of Dr John Gr^ory
were published at Edinburgh in 1788, in 4 vols, duo-

decimo, and were enriched with a well written life of

the author, by the late Mr Tytler, Lord Wowlhouselee,

to which we have been indebted for the preceding facts.

GRENADA, the most southerly of the Caribbee Dj^jpuoa.
islands, in the V^'est Indies, is situated between 12° 20*
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s^"*^ and 11" 58' North Lat.

' ~ 6) ° 35' West Long. It is twenty leagues north-west

of Tobago, and the same distance from the nearest

point of the American continent. It is about twenty-

five miles in length, from north to south, and fifteen at

its greatest breadth, contracting gradually towards both

extremities. A chain of mountains traverse the whole

island from north to south, and give rise to a great

number of small rivers ; and in the highest ground is a

circid.^r lake, called Grand Etang, from which several

of these streams dei'ive their source. There is a bay
on the north-west coast, (which has been recently for-

tified at great expence, ) so capacious and secure, that

sixty men of war may ride in it safely almost without

casting anchor. The air is salubrious, and the soil

fruitful in the productions of the climate.

History. Grenada was discovered by Columbus in 1498, and
was at that time inhabited by a warlike people called

Charaibes or Caribbees. The Spaniards do not appear to

have made any attempt to form a settlement on the coast,

and the natives remained free and undisturbed till the

year 1 GM. At this period, the French governor of Mar-
tinico, Du Parquet, landed on the island with 200 adven-

turers, who seem to have been resolved upon a wanton
destruction of the unoffending inhabitants, and an un-
warrantable possession of the country ; but, being hos-

pitably received by the unsuspecting objects of his un-

justifiable attack, they pretended to make a purchase of

the island for a few knives and hatchets, a quantity of
glass beads, and a barrel of brandy to the chief. Im-
mediately assuming the sovereignty, and having roused
the natives to resistance by tlieir tyrannical proceed-
ings, they took measures to extirpate the whole race as

lawless rebels. This they are said to have speedily ac-

complished by a course of atrocious massacres ; and a
few wretched survivors of their butcheries having
thrown themselves headlong from a steep rock, rather

than fall into the hands of such merciless enemies, the
French settlers, with characteristic levity, gave to the
spot the name of Le Morne des Sauleur, the Hill of the
Leapers. The perpetrators of these enormities soon
began to quarrel among themselves, and to suffer, in
their turn, the oppressions of tyrannical governors. By
a succession of calamities and revolutions, the narra-
tion of which would interest few readers, the prosperi-
ty of the settlement was so much impaired, that, in the
year 1700, more than twenty years after the sovereign-
ty had been vested in the crown of France, there were
found on the whole island only 151 white inhabitants,

53 free negroes or mulattoes, 525 slaves, 64 horses, 509
horned cattle, 3 plantations of sugar, and 52 of indigo.
Above fourteen years afterwards, however, an active
commercial intercourse was opened with the island of
Martinique, cultivation was rapidly extended, and, not-
withstanding the interruption which these improve-
ments sustained by the war in 1744, Grenada was
found, in 17S3, to contain 1262 white inhabitants, 175
free negroes, 11,991 slaves, 2298 horses or mules, 2456
honied cattle, 3278 sheep, 902 goats, S31 hogs, 83 su-
gar plantations, &c.; and in 1762, when it surrendered
to the British arms, it is said to have yielded annually,
together with its dependencies the Grenadines, a quan-
tity of clayed and muscovado sugar, equal to 11,000
hogsheads of 15cwt. each, and 27,000 lbs. of indigo.
Having been finally ceded to Great Britain by the trea-
ty of peace in 1763, a duty of 4^ per cent, upon all ex-
ported produce was ordered to be levied in place of all
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and between 6l" 20' and customs and duties formerly paid to the French king

;
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a measure which gave rise to a great constitutional "
question, in which, after a long and elaborate law dis-

cussion, judgment was given by Lord Mansfield against

the crown, and the duty was aboUshed in Grenada and
the other ceded islands. Great commotions and divi-

sions also were excited in the island, respecting the

election of Roman Catholic inhabitants as members of

assembly. By these party-contentions, the colony con-

tinued to be disturbed til! its recapture by the French
in 1779; and they were again renewed with atldilional

violence, after its restoration to Great Britain in the

general pacification which took place in 1783.

The island of Grenada is divided into six parishes, p.^,

viz. St George's, St David's, St Andrew's, St Patrick's, and'toir

St Mark's, and St John's ; and, since its restoration to

Great Britain in 1783, a Protestant clergy have been
established by law. Four clergymen are allotted to the
whole, and each is provided with an annual stipend of
£ 330 currency,* jfiOOfor house rent, and a considerable

portion of the valuable glebe lands which iiad formerly
been appropriated to the support of the Romish clergy,

for whose benefit a part of the amount is still reserved.

The capital of Grenada, formerly named Fort Royal,
but now St George, is situated close to the spacious

bay on the west coast, already described, and is divided
by a ridge into two towns ; the Bay-town, in which is

a handsome square and market-place ;
' and the Caren-

age-town, wliei'e the principal merchants reside. On
the ridge, between the two towns, stands the church

;

and on the promontory above it^ is an old fort built of
stone, and capable of accommodating an entire regi-

ment. The other towns are only villages or hamlets,

which are generally situated at the bays or shipping
places.

The governor of the island is also chancellor- ordina-

ry and vice-admiral, and his salary is £3200 currency '^'"'""|

per annum, which is raised by a poll-tax on all slaves.
\

The council consists of twelve members, and the assem-
bly of twenty-six. A freehold or life estate of fifty

'

acres in the coimtry, and of fifty pounds house rent in

the capital, qualifies for a representative. An estate of
ten acres in fee, or for life, or a rent of ten pounds in

,

any of the country towns, and a rent of twenty pounds
out of any freehold or life estate in the capital, gives a
vote in the election of the representatives. The law
courts, besides those of chancery and ordinary, in which
the governor presides, are the court of grand sessions oC
the peace, held twice a year, in which the person first

named in the commission of peace presides ; the court

of common pleas, in which a professional judge, with a
salary of £ 600, presides ; the court of exchequer, late-

ly fallen into disuse ; the court of admiralty, and the

court of error, composed of the governor and council,

for trying appeals. In all cases the common statute

law of England is the rule of justice, unless where par-

ticular laws of the island interfere.

Tlie white population of Grenada has decreased con-

siderably since it came into the possession of the Bri-

tish. In 1771, their number was above 1600; in 1777,
they had diminished to 1300; and in 1791, the}' were
not supposed to exceed 1200. Of these about two-tliirds

are able to bear arms, and are incorporated into five re-

giments of militia, with a company of free blacks, or

mulattoes, attached to each. There are likewise about
500 regulars from Great Britain, for the defence of the
island. The negro slaves, also, which, in 1779> were

Pi.puJ|ak

The currencj of Grenada, or rate of exchange, is commonly £ 66 per cent, worse than sterling.
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;ren,vla. statctl at 85,000, including those which were in the

•-V—' smaller islands, were found, in 1785, to have decreased

to '2;$,()2(i. The free people of colour amounted, ni

1787, to 1 115, whose evidence is received in the courts

of law, upon proofs of their freedom being produced ;

and who are allowc<l to possess lands or tenements to

any amount, provided they are not aliens.

ittofcul- There are 80,000 acres of land in the island, but on-

uion and ly .50,000 were brouj^ht into cultivation in 1791. The
•• face of the country is mountainous, but every where

accessible, and well provided with rivulets and springs.

On the west side, the soil is a rich black mould, lying

on a substratum of yellow clay ; on the north and east,

it is a brick mould ; on the south, and in the interior,

it is of a redtlish hue, and generally poor. In 1776,

the exports from the island and its dependencies were

14,012,157 lbs. of muscovado, and 9,273,607 lbs. of

clayctl sugar; 818,700 galloni of rum ; 1,8t7,l66 Ibf. CrwMU.
of coffee; 457,711) lbs. of cocoa; 91,9V.'j lbs. of cotton

;
."^ '^

27,ti:J8 lbs. of indigo, and some smaller article«, the
|]J!IJ^^'

whole of which, at a mo<lerate computation, wm wortli, ^^
at the ports of shipping, il 600,000 sterling. The su-

gar was the produce of 106 plantations, worked by
18,293 negroes, which gives rather more than a hog«>

head of muscovado sugar of 16 cwt. from the labour of

each negro,—a return which Mr Edwards affirms, to be

unequalled by any other British island in the West In-

dies, except St Christopher's. In 1787, the exports

were 175,518 cwt. of sugar, 670,390 gallons of rum,
8812 cwt. of coffee, 2,(X)2,427 lbs. of cotton, and
2810 lbs. of indigo. In 1810, the value of the ex-

ports amounted to £ 388,936, and of the imports to

£173,366.

Thefollowing Table shews Ihe Articles imported into Grenada in the Years 1804, 1805, and 1806.

1804. 1 1805. 1 1806. 1

Articles im- Great British United Other Great British United Other Great British United

port eti. Britain. Colonies. States. Countries. Britain. Colonies. States. Countrjet. Britain. Colonies. Suies.

Bushels. But>hels. Bushels.

Com 13,558 — 17,626 — 10,414 234 14,987 408 21,286 314 9966

Bread, Flour?

and Meal S

Cwts. Cwus Cwts.

2,860 773 22,456 — 2525 23 21,658 — 3085 609 12,812
Barrels. Barrels. Barreli.

Rice
Barrels.

"— 395 —
Barrels.

— 471 —
BaneU.

— 436

Beef& Pork 1361
Bar. Quint.

—" 1875 — 572
Bar. Qt.

— 2891 — 979
Bar. Qt-

1 33 817

Dry Fish . . 399 13,112 228 1575 — 45 542 18,181 735 — 616 19,*54 981
Barrels. Barrels. Barrels.

Pickled Fish 2205
Firkins.

184 805 — 822
Firkins.

316 190 — 726
Firkins.

268 9

Butter .... 3019 16 68
Number.

— 818 — 240
Number.

— 1769 72 200
Number.

Cows & Oxen — "^ 134
Number.

48 — — 183
Number.

34 — — 156
Number.

Sheep & Hogs — — 175 7 — — 160 49 — — 125

Oak & Pine" Feel. Feet. Feet.

Boards, & • — 6000 1,793,641 — — 18,479 2,875,^99 — — 2650 2,090,862

Timber .

Number. Number. Number.

Shingles . .
— — 1,328,700

Number.

•^ —
Number.

2,S91,20( — — 21,0l>0

Number.
2,281,400

Staves . . . — -— 9000 .539,897 — 15,100 8+3,000 ^^_ — 14,880 920,883

1 3x ant. The sugar plantations in this colony are subject to

great ravages, from the carnivorous or sugar ant, an in-

sect which is thought to be common to all the West
India islands, but which has been peculiarly destructive

in Grenada. It is the Formica omnivora of Linnaeus,

and is described by Sloane as the Formica fusca minima

antennis nis longissifnis. They are of an ordinary size,

a slender shape, a dark red colour, remarkable for the

quickness of their motions ; but are distinguished from
every other species, chiefly by the sharp acid taste

which they yield when applied to the tongue, and the

strong sulphureous smell which they emit when rub-

bed together between the palms of the hands. Their

num'jers have often been so immense, as to cover the

roads for the space of several miles ; and so crowded in

many places, that the prints of the horses feet were dis-

tinctly marked among them, till filled up by the sur-

VOL. X. PART II.

If

rounding multitudes. They were never seen to con-

sume or carry off any vegetable substance whatever,

but always laid hold of any dead insect or animal sub-

stance that came in their way. Every kind of cold

victuals, all species of vermin, particularly rats, live

poultry, and even the sores of the Negroes, were ex-

posed to their attacks. But they were chiefly injurious

by constructing their nests among the roots of the lime,

lemon, orange trees, and sugar canes, and so obstruct-

ing their growth, as to render the plants sickly and un-
productive. A premium of £20,ti00 from the public

treasury, was offered to the discoverer of any eflectual

methocl of destroying them ; and the principal means
employed were poison and fire. By mi.\ing arsenic

and corrosive sublimate with animal substances, myriads

were destroyed ; and the slightest tasting of the poison

rendered them so outrageous as to devour one another.

3 T
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Grenoble. Lines of red hot charcoal were laid in their way, to

—~r~—' which they crowde<l in such numbers, as to extinguish

it with their bodies ; and holes full of fire were dug in

the cane grounds, which were soon extinguislied by

heaps of dead. But, while the nests remained undis-

turbed, new progenies appeared as numerous as ever ;

and the only effectual check whicli they received, was

from the destructive hurricane of 1780, which, by tear-

ing up altogether, or so loosening the roots where they

nestletl, as to admit the rain, almost extirpated the whole

race, and pointed out the frequent digging up and con-

suming by fire of those stools and roots in which they

take refuge, as the best preventative of their future in-

crease. See Edward's Hutory of the West Indies, vol. i.;

Abbe Raynal's History of the Indies, vol. v. ; and Gray's

Letters from Canada, p. 379. (7)

GRENOBLE, a city of France, the capital of the

former province of Dauphiny, and, under the late go-

vernment, the chief town of the arrondissement or

district of Grenoble, and of the department of the

Isere. This city stinds at the confluence of tiie

rivers Drac and Isere, the latter dividing it into two

unequal parts ; the former, which is crossed by a bridge

with a single lofty arch, is liable to overflow its banks,

and commit considerable devastation both in the city

and its environs. Grenoble is situated at the foot of the

Alps, in an agreeable country, abounding in wood and
water, but of a climate so variable, that tlie thermome-
ter sometimes ranges through nearly 30'' in a day : the

greatest heat is from the 10th of July to the 15th of

August, and the greatest cold from the 20th of Decem-
ber to the 20th of January The city stands 9OO feet

above the level of the sea, and the medium height of

tiie barometer is 27 inches two lines. Nine-tenths of

the city are on the left bank of the Isere, constituting

the portion chiefly exposed to inundations, several of

which have done much damage, and the water has been
known to rise three feet deep in the streets.

Grenoble is surrounded by a wall, and is command-
ed by a citadel ; but, unless its fortifications have been
lately augmented, it is not considered a strong place.

Within the walls, its area occupies about 64,000 square
feet. It consists of 1200 or 1300 houses, and is inha-

bited by 23,500 souls, according to recent computa-
tions, for those of older date increase that population
above a fifth. The streets are broad, and tolerably re-

gular ; and the houses, in general well built, consist of
four or five stories. "There are several fine public edi-

fices, particularly the Episcopal palace, and that where-
in tlie parliament formerly held its sittings. Among
the charitable institutions which sufficiently illustrate

the d isposition of the citizens, the general hospital is

the chief, and is governed by directors selected from
the most distinguished of the inhabiUints. The build-
ing, which is very spacious, is appropriated for incu-
rables ; persons insane ; the indigent, who commonly
amount to 400 ; and the foundlings of the city, about
150 in number, are also received here. This institution
occupies an inclosure to the south-east of the city, and
adjoining to it is the military hospital. In the hospital
of Providence there are 60 beds, and in the hospital of
the Ladies of Charity, for females, there are 20 ; besides
which institutions, there is a poor's house in the su-
burbs. Grenoble has also a museum of the arts, and
a botanical gaiden well managed. A garrison, con-
sisting of a small body of troops, is kept here.
The principal manufactures of this city, are woollen

cloths, muslins, hats, and particularly gloves, the prin-
cipal townj of France, Spain, Italy, and Britain being

3

supplied with them. Marble cutting is also carried on
to some extent, for which purpose there are miUs driven

by water from the adjoining rivers.

Grenoble is the see of a bishop who formerly arroga-

ted the title of Prince of Grenoble, and enjoyed those

peculiar privileges, which, in less enlightened ages,

were reserved almost exclusively for ecclesiastics. Be-
sides the parish churches, there are several monastic in-

stitutions.

Grenoble is celebrated for the complaisance and po-

lished manners of its inhabitants, manj' of whom have
shewn a distinguished taste for letters. Condillac and
Mably. well known among the modern literati of France,

were both natives of this place. It has also to boast of
having given birth to the Chevalier Bayard, character-

ised by his sovereign Francis 1. as one sans peur et sans

reproche, and who, if we are to credit history, singly

defended the narrow pass of a bridge against 200 horse-

men. The Baron Adrets, a sanguinary chief of the

Huguenots, during the wars for the reformation of re-

ligion, was born here, and distinguished himself by his

cruelty on the miserable prisoners who fell into his

power.
As the site of this city is elevated only 15 feet above

the level of the river Isere, an unusual humidity pre-

vails, wliich is the source of many serious distempers

among the inhabitants. Though standing at the edge
of a plain, extending over a square league, and surround-

ed by fertile fields and gardens, these advantages are

counteracted by the miasmata emanating from tliedepo*

sitions ofthe waters. Certain seasons ofthe year are ex-

tremely unhealthy ; slow fevers are seldom eradicated ;

and it has been remarked, that even the children are, in

infancy, of smaller size, and longer of attaining the

strength and complexion of those in the neighbouring

country. " The river Isere," an intelligent physician

observes, " has become a kind of domestic enemy to

Grenoble, with which it is necessary to live ; the con-

stant humidity and the mud deposited by its tranquil

waters in the neighbouring marshes, are inconvenience*

with which beneficent nature has accustomed the inha-

bitants ; but they excite less attention than the tenden-

cy of all the prevalent diseases to terminate in dropsy."

It has been proposed to counteract the deleterious effects

arising from local circumstances, by digging a canal to

drain off the stagnant waters, and which, at the same
time would prevent the overflowing of the river ; as also

to deepen the bed of the Isere, in order to give it a
stronger current.

Grenoble has subsisted from a very ancient period,

and was known by the name of Cularo, under which it

is designed in a letter from Plancus to Cicero. It is

said to have been called Gratianopolis from the Roman
emperor Gratinn ; but since tlie period when it was
possessed by the AUobroges, and when it was denomi-

nated a city, it repeatedly changed its masters. After

various revolutions, Dauphmy came under the dominion

of the kings of France, and Louis XI. instituted a par-

liament in Grenoble, founded on the model of the par-

liament of Paris, since which time it has remained an
integriil part of the kingdom, (c)

GRE TNA, or Ghmtney Grken, is the name of a

village and parish in Scotland, in the county of Dum-
fries. The village of Gretna, which is the first stage in

going from Longtown in England, to ."^nnan in Scot-

land, is built on each side of the road, and has, for more

than 70 years, been famous as a place for the celebra-

tion of the clandestine marriages of English lovers.

Tliis ceremony was generally perforaied by a black-
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smith or tobacconist, and tlie number of marriaj^es have
been cak'ulati'tl at (>.>, wliich brought in an annual in-

come ol' about iJlOOO, at the rate of 15 guineas each.

The remains of an oval druidical temple, occupying

about half an acre of ground, has been discovered at

Gretna Mains. The man.sion hou>e of Gretna hall has

been fitteti up by the proprietor tlie Earl of Hoptoun
as an inn. Tlie population of the parish, in 1811, was

1749
GREW, Nehemiah, a celebrated bot<nnist, was bom

at C'< • I'ntry, aliout the year XhiH, and was the son of

Dr Obadiah Grew, vicar of St Micliaels. At the re-

storation ot Charles II. being a non-conformist, he

went abroad, and pro.-ecuted his studies at a foreign

university, where he took the degree ot Doetor of .Vle-

dicine. Upon his return to Engb'.nd he M-ttled at Co-

ventry, and, in the year l(J0'4., his attention was first di-

rected to the anatomy of plants ; and he was encouraged

to proceed in this branch of natural history by his bro-

ther-in-law Or Henry Samson, wl-o jMiinted out to him
a passage in Glisson's work De H p/iU\ in which this

subject is representeil as an unexplored, but pmniisiiig

line of study. In the year U)70, Or Sanpson. who
had seen the first book of Grew's Anaiomtf ,f Planix,

put it into the hands of Oldenburg, who gave it to Dr
vV'ilkins, bishop of Chester, by whom the manuscript

was read to the Royal Society, under the title of a
Philosophical History qt Plants. This work was high-

ly approved of, and was printed by that distinguish-

ed Ixxly in 1671, "under the title of the Anatomi/ of Ve-

getables begun, tcith a general Account of Vegetation

fou'dcd thereon. In consequence of the reputation which
this work acquired for its author, Grew was invited to

settle in London, where he arrived in l67I ; and, upon
the recommendation of Dr Wilkins, he was elected a

Fellow of the Royal Society, and admitted on the .^Oth

November 1671. At the suggestion of the same learn-

ed divine. Grew was appointetl curator to the Royal

Society for the anatomy of plants, which led him to

draw up the 2d, 3d, and 4th Parts of his work, and the

various Jectures on the same subject, which form a part

of hi^ Anatomy of Plants. All these papers were com-
posed between the years l670 and 1676, and were read

at various meetings of the Royal Society. They were
afterwartls collected in 1682, with 83 plates, and pub-
lished in a folio volume, under the title of the Anatomy

of Plants, a work full of the most important facts in

vegetable physiology.

In the year 1673, Dr Grew published in the Trans-

actions, a paper, entitled Observnlionx on Snow, in which
he supposes, that the snowy particles are tbrmed by the

drops of rain containing spirituous particles, and meet-

ing in their descent with others of a saline, partly ni-

trous, but chiefly urinous or acido-salinous nature. In

the year 1677, he was appointed secretary to the Royal
Society, in which capacity he published the Phit. Trans.

from January 1678 to February l67f). In the year

1680, he was made an honorary fellow of the College

of Physicians, and attained to considerable practice in

the medical profession.

Dr Grew drew up a catalogue of the natural and ar-

tificial rarities belonging to the Royal Society, and
preserved at (iresham College, which was published in

l681 in folio, with the title of Miueiim Regn/is Socie-

tatis, containing 22 plates. It was accompanied with
another work, entitled the Comparative AnatO'hy ofSto-
muchs and Guts lie(^utt, being several lectures read be-
fore the Royal Society in 1676. The desiription of the
^uaeuni, though by no means ^ee from mistAkes, is a

(
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work of merit, and is remarkable for an ingcniou*
scheme or disposition of shells.

The other papers which he printed in the Transac-
tions, were

Th'- Description and Use of the Pores m the Skin of
the Hands and Feet. Phil. Trans. 1684.

S'lnte Ob eivalions nn a diseased Spleen, Id. 1691.
Description of the American Tomineius, or Humming

Bird, Id. 1693.

On the Fond of the Humming Bird, Id. 1693.
A Demon^ration of the Number of Acres in England

or S"uih Britain, aiid the use which may be made of it.

Id. 1711.

One of the last works of Dr Grew, was his CosmO'
graiihia Sacra, or « Di-tcotirseftJie Universe, as it is the

('rea:ure and Kingdom nf Goit The principal object

of this work, was to demonstrate the truth and excel-

lence of the sacred writings. The works of Dr Grew
were translated into French and Latin. He <lied after

a short illness on the 25th of March I7II, about the
Sid year of his age.

GRIDIRON Pendulum. See Horology.
GRIES, is a mountain of Switzerlfind; situated in the

Alpine chain which separates Piedmont from the Upper
Vallais. The road over this mountain leads from Ober«
ghestelen, in the Vallais, to Domo d'Ossola, in the Val-
Maggia, and to Locarno. This road rises to the height

of 7336 feet, and traverses a glacier a quarter of a
league wide, and blackened by the dust of the mica
slate. The distance from Oberghestelen to Formazza,
at the southern foot of the Gries, is 7| leagues. The
descent of the Gries is by four different ten-aces or val-

lies. The first is called Bettelmatte, celebrated for its

fine cheese, and for the small lake from which the
Toccia, or Tosa, issues. The second valley is called

Morast, and from this the road descends by a very steep

path to a third valley, occupied by the hamlet of the

Auf der Front, where the valley of the Toccia, or the
Dolgia, commences. Another steep declivity conducts
to the south valley, called Froutval, which is celebrated

for the cataract of the Tosa, or Toccia, which, excepting

the fall of the Rhine, is reckoned the most magnificent

in Switzerland. It is about 300 or 400 feet high, and
forms a species of pyramid, whose base is extremely

wide, while its summit is only 4 or 5 feet in breadth.

The rock is inclined about 140" or ISO" to the horizon.

This cataract is surrounded on all sides with lofty rocks,

crowned witli wood. The southern side of the Gries

is inhabited by Germans as far as the village of Foppi-
ano. The south side of the mountain is composed of
gneiss, of veined granite, and of mica slate. In the

valley of Egino, there are beds of potstone, which are

wrought about a quarter of a league on the east side

of the bridge. Slates occur to the south, and lower down
the mica slate appears. The first valh-y is composed
of gneiss aiul calcareous strata. Below tiie second val-

ley, rocks of argillaceous schistus stretch to the north-

east ; and, on the other side, are rocks of a ftmigineous
aspect. All the rocks from the north to the south, as

far as Pommat, lie in strata almost vertical, in the di-

rection from north-east to south-west. "^See Lbel's

Manuel, ^r.

GRIMALDI, Francis Maria, a learned Italian Je-

suit, was bom in the year I6l9, and cultivated the

sciences along with his friend Riccioli. Grimaldi was
the first person that observed the lengthening of the

solar image when refractetl by a prism ; and he is prin-

cipally known tor his discovery of the diffraction of

light ; a subject which waa afterwartls examined by Sir

Gnv
r

GrimalA
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Grimsby,
tiriinsel.

Isaac Newton, under the name of the Inflexion of Light.

These discoveries of Grimaldi are contained in his work

entitled Physko-Mathesis de Lutnine. Coloribus el Iride,

Bononii, 1665. The principal object ofthis work, is to

determine whether light be a substance or a quality

;

and, after occupying 535 quarto pages in this discussion,

he concludes, with the Aristotelians, that it is not a

substanlial, but an accidental quality. A full account

of this work will be found in the Phil. Trans, for 1672,

No. 79, p. SO69. Grimaldi died in 1663, in the forty-

fourth year of his age. The discovery of the solar spots,

and the present nomenclature of the lunar spots, have

been erroneously ascribed to him. See Phil. Trans.

abridged, vol. i. p. 675, Note. See also Optics.

GRIMSBY, or Great Guimsby, is a borough and

seaport town of England, in Lincolnshire, situated near

the mouth of the Humber. The streets are clean, and

the houses in general well built. The church, which

is called St James, is spacious and handsome, and is

built in the form of a cross, with a tower in the cen-

tre. The steeple is a fine specimen of English point-

ed architecture. A part of the choir fell down in 1600,

but the steeple has scarcely suffered from the depreda-

tions of time. In the upper part of the steeple is the

singular inscription, " Pray for tlie soul of John Em-
pringham." The church contains many ancient mo-
numents. Grimsby had formerly a monastery of Gray
Friars, a convent of Benedictines, and a priory of Au-
gustine canons. Grimsby was once a rich and popu-

lous town, with a considerable foreign and inland trade.

It was a mayoralty in the reign of King John; and in

the reign of Edward HI. it furnished 11 ships and 170
mariners to assist at the siege of Calais. The harbour,

however, was gradually choked up, and a dangerous
sand bank having drifted near its mouth, its trade de-

clined, and was transferrefl to Hull. Of late, the trade

of the place has revived ; the harbour has been im-
proved, a dock constructed at great expence, and the

town enlarged by additional buildings. A small coast-

ing trade is carried on with sloops. Salt and coals are
the chief articles of importation. There was once at

Grimsby a castle, but it is entirely decayed. There are
some very extraordinary fountains near the town, called

Blow Wells, which never overflow, though they rise

to a level with the surface ofthe groimd. Grimsby is a
port town under that of Hull, and has a deputy col-

lector, comptroller, and coast surveyor. The Grimsby
canal is a short canal which leads from the Humber to
Grimsby wet docks. Population of the burgh and
parish, in 1811, 2747. Seethe Beauties of England
and Wales, vol. ix. p. 689, &c.
GRIMSEL is tlie name of a lofty mountain in Swit-

zerland, over which there is a road from the canton of
Berne into the Upper \'allais. The distance from Meyr-
ingen on the Aar, to the Hospice of Grimsel, is about
seven leagues, and from thence to Oberghestelen on the
Rhone, is tlu-ee leagues. This road is bordered in se-
veral places with frightful precipices, and it is often ne-
cessary to pass over bridges apparently insecure.

After leaving Meyringen, the traveller passes through
the forests of Mount Kirchet, by the agreeable valley of
Im Grund. The gneiss here appears below the calca-
reous strata, lying above the primitive rock. The strata
of the gneiss are almost vertical, a little inclined to the
south. Beyond the forest which occupies the extremi-
ty of Grund, the calcareous rocks cease altogether, and
the gneiss and micaceous schistus replace it on the side
of Guttaner, the southern dip of these rocks being a
little increased. In the valley of D'Urbach, the great

glacier of D'Urbach or of Gauli descends into the plain
;

and after passing the Aar by a bridge, a rough and so-

litary path cut out of the rock leads between the moun-
tains of Urbach, Ritzli, Gauli, and Gouttan, to the

hamlet of Im Boden, and thence to the village of Gout-

tanen, situated 3198 feet above the level of the sea,

where there is a tolerably good inn. This village was
burnt in 1803, but, in consequence of the liberality of

the Swiss, it has been rebuilt. About a quarter of a

league above Gouttanen, the granite appears in mass,

and extends to the Grimsel. Its stratification i' dis-

tinctly seen. At first the strata stretch from north-east

to south-west, and afterwards from east-north-east to

west-south-west. About half a league from Gouttanen,

the Aar forms a cascade at the side of the road ; and a

fine rainbow may be always seen in clear weather be-

tween ten and two o'clock. Beyond Goutanen the

road passes Mount .Stampf, and, after twice crossing

the Aar, the traveller reaches the chalet of Handeck in

two hours. The glacier and the lake of Ghelmer are

distinctly seen from that mountain to the east, and to

the south-west appear the glaciers of Erlen and Ritzli,

and the Handeckhorn to the south. At a considerable

distance below the chalet, the Aar forms one of the

finest waterfalls in Switzerland. It should be visited

during sunshine, between half-past nine and eleven

o'clock, and from the bed of the river, as near the bot-

tom of the fall as possible. From Handeck to the

Hospice is a distance of two leagues, over a terrible

road, which is three times crossed by frightful though
substantial bridges. About half a league from Han-
deck appear immense rounded surfaces of granite, in

which steps have been cut for the feet of the horses and
of travellers. After travelling half an hour longer, we-

cross the fine Alpine pastures of Roderischboden. At
the last bridge, not far from the Hospice, the Aar suf-

fers another remarkable fall.

The Hospice, which was built in 1 557, is surrounded
with frightful rocks, and is situated at a height of 5628
feet above the level of the sea. The keeper of it is allow-

ed to hunt in any of the cantons of Switzerland, and is

bound, in return, to feed and lodge all travellers that cross

the Grimsel. He remains at the Hospice from March
till the beginning of November. He can furnish seven

good beds, though there are sometimes more than a
hundred candidates for them. Near the Hospice is a
small lake called Kleinsee, from thirty-two to sixty-twa

feet deep. The Sassbach throws itself into the lake in

a fine cascade. After leaving the Hospice, the road

continues to ascend for three quarters of a league, and
at its most elevated point the height is 6570 feet.

The height of the Seidelhorn, which is the highest sum-
mit of this mountain, is 8580 feet. From the highest

part of the road, there is a fine view of the Furca, of

the Galcnstock, of the peaks of St Gothard, of the

Gries, and of the southern chain of the Vallais, as far

as Mont Blanc. The descent to Oberghestelen occu-

pies only about two hours.

On the top of the Grimsel a reddish granite occurs

;

mica slate appears in the southern face ; and argilla-.

ceous schistus at the southern foot of the mountain.

A singular grotto, filled with crystals, was opened on
Mount Jochli, upon the Zinkenstock, in 1720. It was
the richest ever found in Switzerland : It was 120 feet

deep and 18 wide, and contained crystals of which a
small number weighed nearly eight quintals, and se-

veral four or five quintals. Several thousands of quin-

tals were obtained, of the estimated value of 30,000 flo-

rins. One of the largest of these was 3^ feet diame»

1

Grinuet
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ter, 2A feet long, and one of its six faces 1^ feet witle.

It is now in the museum of Natural History at Paris.

The glaciers of the Aar are generally visited hy the

travellers that cross the Grimsel. In the month of Au-
gust 1799, the French ascended tlie mountain, and, af-

ter a severe conflict, drove the Austrians from tlieir po-

sition on its summit. See Ebel's Manuel, Sfc.

GUIXDELWALD is the name of a village of Swit-

zerland, in the canton of Bern. It is situated in a

rich Alpine valley, at the height of 3150 feet above the

level of the sea. The direction of tlie valley is N. E.

and S. \V. and it is encircled with lofty mountains. The
Faulhorn, to tlie north of Grindelwald, is 8020 feet

high ; the Wctterhorn, to the east, is 1 1,433 ; the Eigcr,

to the south, is 12,268. The Schreckhorn, to the south-

east, is 12,530 feet; and the Jungfrau, to the S. S. W.
is 12,810 feet. The valley is shut up at the north-east

by the Scheideck, which is 6045 feet high.

This valley is one of the most frequented in Switzer-

land, both from its proximity to Berri, and from the fa-

cility with which its two glaciers may be visitetl.

These glaciers are parallel to each other, and are each
about a league distant from the Inn. The smaller gla-

cier forms an arm of the immense valley of ice which is

situated between the Schreckhorn, the Viescherhorn, and
the two Eigers. In the middle of this glacier there is

a rock, almost vertical, on which the snow cannot rest,

and which has, therefore, received tlie name of the

warm rock. The surface of the glacier is extremely un-
equal, and is formed into many splendid pyramids of

ice. Near it is a wood of elder trees, where excellent

strawberries may be gathered almost close to the ice.

The great or upper glacier, almost entirely separated

from the small one by the rocks of the Schreckhorn, lies

between the Mettenberg and the W'etterhorn. Its an-

cient limits were formed by a hill of debris, thirty feet

high, and covered with pines of considerable height.

In 1 720, the glacier extended thus far, but it afterwards

retired, and the space which it left was covered with
trees. A new augmentation, however, which it expe-

rienced in 1780, destroyed this wood. The torrent

which flows from it is the Black Lutschinen. In this

valley the traveller frequently hears the thimders of the

glaciers, and experiences the violence of the winds
which issue from their crevices.

The road from Grindelwald to Meyringen, in the val-

ley of Hasli, by the Scheideck, is extremely interest-

ing. It is only a distance of seven leagues, and may be
performed on horseback without any danger. See

Ebel's Manuel, Sfc.

GRINDING OF Drugs. See Drvg-Mili,.
GRINDING AND Polishing of Plate Glass. See

Glass, Sect. vi. p. 314.

GRINDING or Lenses and Mirrors for optical

instruments. See Optics.

GRINSTEAD, East, is a borough and market town
of England, in Sussex. It is pleasantly situated on a

hill, near the northern border of the county. The town
is irregularly built, but it contains many neat modern
houses. The church, which stands on the east side of

the main street, is a spacious and handsome structure.

It has a lofty and well-proportioned tower, adorned
with pinnacles at the corners. Sackville college, a large

quadrangular stone building, stands at the east end o(

the town. It was built in 1616, as a charitable institu-

tion for the support of 24 old persons of both sexes. A
suite of rooms is set apart for the Duke of Dorset, who
gave the use of them to the judges when the assizes

were held here. There is here a neat chapel belonging

to the college, and also a free school here for 12 boys.
Population, in 1811, 2804. See Beautiei tf England
ami IValcs, vol. xiv. p. 1.50.

GRINDSTONES, from the Latin Cyrandus, are cir-

cular stones, a few inches thick, which are mounted on
a spindle, and turned with a common winch, for the
purpose of grinding edge tools. When a great number
of these stones are driven by machinery for the pur-
poses of cutlery, they are called blade mills or grind
mills. Grindstones are formed of a gritstone, in which
the grains of silcx are firmly cemented to each other by
a siliceous or other hard cement, the interstices not be-
ing filled up as in other kinds of sand stone. The fol-

lowing is a list of the grindstone quarries in England,
with their degrees of fineness, drawn up, we believe,

by Mr Farey for Dr Rces's CydopcBdia :

Ashover, N. W. (hill quarry) Derbyshire, middling.

Beely Moor, E. of the town, Derbyshire, coarse.

Belper, S. E. (Hungerhill) Derbyshire, middhng.
Biddulph-Hali, N. W. of Leek, Staflbrdshire, coarse.

Bilstone, S. E. of Wolverhampton, StaSbrdshire, mid-
dling.

Bolsover, N. W. (nunnery) Derbyshire, middling.

Bredsal Moor, N. of Derby, midelling.

Brinclif-edge, S. E. of Sheffield, Yorkshire, fine.

Buxton, N. (Corbar) Derbyshire, fine.

Darley Moor, E. of the town, Derbyshire, coarse.

Gate-head fell, 2j miles soutli from Chester Ward,
Durham.

Glossop, Derbyshire, coarse.

Harthill, S. E. Yorkshire, fine.

Hooton- Roberts, near Rotlierham, York, middling.

Horsley, N. of Derby, fine.

Lane-top, N. of Sheffield, Yorkshire, whitening.

Little-Eaton, N. of Derby, coarse.

Milford, S. of Belper, Derbyshire, coarse.

Molecopt-hill, S. of Congleton, Cheshire, coarse.

Morley-moor, N. of Derby, fine.

Norton, W. (Hemp-yard lane) Derbyshire, fine.

Overton (Gregory) in Ashover, Derbysliire, coarse.

Polesworth, S. E. of Tamworth, Warwick.

Purton, W. of Wolverhampton, Staflbrdshire, fine.

Ridgeway (Lum-delph) in Eckington, Derbyshire,

fine.

Stanley, N. E. of Derby, fine.

Stanton by Dale, E. of Derbyshire, fine.

Stanton Moor, N. E. of Winster, Derbyshire, coarse.

Therberg, near Rotherham, Yorkshire, fine.

Treton, ditto, ditto, fine.

Warton E. of Tamworth, Warwickshire.

Wickersley, near Rotherham, Yorkshire, middling.

Wokes, near Barnsley, Yorkshire.

The most extensive grindstone quarries are those near

Gateshead. They are sent to all quarters of the globe

under the name of Newcastle grindstones, and consti-

tute a great branch of the trade of Newcastle and

Gateshead.

The explosion of grindstones when in motion is a

phenomenon which has frequently happened, and which

has been attributed to the effect of the centrifugal force,

and to the expansion of the wowlen wedges. On the

8tli June 1768, a very singular accident of this kind

happened to a cutler at Ivry-sur-Seine, near Paris, who
was grinding kitchen utensils. The stone flew into

the air apparently on fire, and burst into innumerable

fragments, with a dreadful noise. One of the fragments,

of about three pounds weight, flew over a building 40

feet high, and alighted 108 feet beyond it in the garden,,

where it broke the branch of a lime tree AaiAhea
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fragment, of nearly tlie same size, grazed the parasol of

a young lady who was standing beside the cutler. A
part of Uie stone was found upon the pavement reduced

to powder. A similar accident happened to a cutler at

Strasburg, who was killed by the explosion.

Qur readers will find some curious facts relative to

grindstones, and to their sudden explosions while they

are at work, in the Encyclopedie Mvlhodique, art. Tour-

NEun; CoHeclion Academique, torn. xiii. p. 45, 48, 413.

and torn. xii. p. 109; Mem. Acad. Par. 1762. Hist. p.

37; undid. 1768.

GRISONS, the Upper Rketia of the ancients, is the

name of a republic which was formerly independent,

but since the year 1798 it has formed one of the nine-

teen cantons of Switzerland. It is bounded on the

north by the canton of Claris, from which it is sepa-

rated by a chain of mountains, and by the German dis-

tricts of Schweiz, and the Voralberg, in Suabia ; on the

east by the Tyrolese ; on the south by the Valteline,

and the Ticino ; and on the west by the canton of Uri.

This canton is the largest in Switzerland. It contains

140 square geographical miles (15 to a degree), and

comprehends no fewer than 60 principal and lateral

vallies. From its most eastern part at Finstermunz on

the Inn, to the Mountain Badus at the source of the

anterior Rhine, is 32 leagues ; and from its most north-

ern part at the Mountain Seesa Plana, to its most south-

em part near the Mountain St George, is 23 leagues.

The natural divisions of the Grisons form five great

vallies, viz. the valley of the posterior Rhine, the valley

of the anterior Rhine, the valley of the Inn or the

Engadin, the valley of the Albula, and the valley of

the Landquai-t, or the Prettigau.

1. The valley of the Posterior Rhine includes the

vallies of Rhinwald, Schams, Via Mala, and Domlesch.

The Rhinwald is about eight leagues long, and is sur-

rounded on all sides by lofty mountains. It is acces-

sible only by one road, which passes through the defile

called Rofflen, which leads into the valley of Schams.

The surrounding mountains, of which the Avicula and

the Piz-val-Rhin are 10,280 feet high, are covered

witli enormous glaciers, and the valley is exposed to

frightful avalanches. The winter continues nine months.

The grass does not begin to grow till the end of June,

and it is necessary that the hay be got in before the

beginning of September. This valley is inhabited by
Germans of the Suabian colony, which the Emperor
Frederick I. sent, at the end of the 12th century, to

ensure a passage into Italy over the Splugen. The
two principal roads for crossing the Alps pass through

the Rhinwald ; one of them over the Splugen, and
the other over the Bernardin. In taking the road over

the Splugen, eighteen hours are necessary to go from
Coire to Chiavenna. From the village of Splugen, the

road follows the brook Hausle all the way to the inn

on the summit of the hill on the Italian side, which is

a distance of three leagues. The height of the road is

here 6170 feet; but that of Tombo-horn, the neigh-

bouring summit of the mountain, is 9795 The gorge
called the Cardinell is truly horrifying and dangerous.
The road then follows the impetuous course of the
Lira, and the traveller arrives in two hours at Isola.

In two hours more, after passing through the valley of
St Jacques, and by Cam]M> Dolcino, where the custom-
house officers examine all baggage, he reaches Creston,
and then Sta Maria, which is only a league from Chi-
avenna. General Macdonald crossed this mountain in

1800, between the 27th of November and the 1st of
December, and lost many men and horses by the ava-
•Linches. The northern side of the Splugen is chiefly

i

composed of gneiss and micaceous schistus. Very fine

white marble occurs near the summit of the road.

It stretches between tlie micaceous schistus from
south-west to north-east. The inhabitants of the vil-

i

lage of Splugen make very fine articles of it. There r,^ ^,i ,

were once two roads over the Bernardin, but the short- the Ber.

est is passable only in summer. The longest is kept in nardin.

repair by the commune of Hinter-Rhein. At the high-

est part is a Hospice, which is three hours distant from
the village of Hinter-Rhein on the north, and two
hours from the village of Bernardin, in the valley of
Misox, on the south. The small lake of Muesa, with
several islets, is situated on tlie summit of this mountain.
The water that runs from the southern face of the
glacier of the Rhine throws itself into this lake, which
again forms the brook of Muesa, and afler running
through the valley of Misox, joins the Tesino at Bellin->

zone. This mountain is composed of gneiss. It was
crossed in 1797, on the 7th March, by the French ai-my
under General Lecourbe.

In entering the Rhinwald from the valley of Schams
by Rofflen, the road passes the villages of Savers,
Splugen, Medel, Ebi or Planura, Noveina or Noufe-
nen, and Hinter Rhin. The church of Winter Rhin
is 4770 feet above the level of the sea. From the very
bottom of this valley, which extends itself with a singu<
larly wild aspect, among the horrible rocks of Avicula
and the Piz-val-Rhin, the glacier of Rhinwald and the
source of the posterior Rhine may be distinctly seen,

and can be reached in three hours from Hinter-rhin.

From a station a little way beyond the chalets of Tes-
sini upon Zaport, may be seen the basin formed by the
rocks of the Black Muschelhorn, and by a ridge of
mountains about two leagues long, from which 13 tor-

rents descend. At the bottom of this basin lies the
glacier of Rhinwald. The torrent of the glacier issiles

from a magnificent vault of ice, and receiving the IS
brooks already mentioned, it forms the true source of
the posterior Rhine. On leaving this deep gorge, it re-

ceives l6 torrents before reaching Splugen. After this

it escapes through the gorge of Rofflen, receives other
six brooks from the valley of Schams, throws itself into

the abysses of the Via Mala, and, still farther enlarged
i

;

in the valley of Domlesch by ten tributary streams, '

I

particularly the Albula, it joins itself at Reichenau to
the anterior Rhine, which is considerably less in size, '

though enlarged by nearly 30 torrents. The Via Mala }.

is one of the most frightful defiles in Switzerland. It

extends two leagues from Tousis to Zilis. See Via
Mala.
The valley of Schams, which is two leagues long, Valley 1

1

contains eight or nine considerable villages, on both sides Schamal j

of the Rhine. It is lower and more fertile than the \/

Rhinwald, and is one of the richest and most populous M
in Switzerland. See Schams. <\

The valley of Domlesch, or Tomleasca, is formed by Valley '"1

the posterior Rhine, after its junction with the Albula, nomlesw*

and before it falls into the anterior Rhine. It is about
two leagues long and one wide, and is the most tempe-
rate in the Grisons. It derives much of its celebrity

,

from the picturesque and cultivated mounbiin of Hen-
'

zenberg, about two leagues long, and stretching along

the west side of the valley. The northern entrance to

the valley is scarcely 100 paces wide ; and on the south .

it is shut up by the Beverin and the Mouttnerhorn, be-
,

tween which the river forces itself witli great fury.

Soon iifter it receives the black stream of the NoUa,
and half a league 'ower that oi' the Albula. The valley

of Domlesch contains i o fewer than 22 villages, and
V2 ruined and inhabited castles, some of which are re>



G R I S O N S. 519
mnrkablc for t!ieir nntiquity. Excepting at Tonsis, the
Ifoinaiish is her« the genora) lanirua^u. Tlie base of
the mountains is composed of argilhiceous sehistiis, co-

vered with calcareous schistus. Gypsum appears in

vertical be>!s in the Via Mala, and in the western part

of the valley. See I'omils and Tousis.

2. The anterior Rhine comprehends the valleys of
Tavetsch, Medels, Sumvix, Lugnetz, Petersthal, &c.
U'he valley of Tavetsch forms the uj)per part of the an-

terior Rhine. .Sadrun is the principal place. Ruaras
is the highest Orison village in the south-east. Selva

and Camot are the only other places of note. The -an-

terior Rhine is formed by three branches, which unite

at Camot. The middle branch comes from the moun-
tain Badus, and is called Rhin-de-Camot. It is formed by
the glaciers on the eastern side of that hill, which throw
their waters into the small lakes of Lac-de-Toma and
Lac-Palidulca, and form the branch already mention-
ed. The second branch, called the Rhin-Cornara, flows

out of the valley of the same name, having risen in the

mountains of la Sccina de la Reveca. The third branch
comes from Kamerthal, and rises at the foot of the

Crispalt. The anterior Rhine formed by these branch-

es, receives ten brooks before it falls into the middle
Rhine, which flows through the valley of Medels. Ba-
dus is 9085 feet above the bottom of the valley. It is

accessible from the north, south and east, and com-
mands a grand view of the distant Alps. From Camot
and Selva, this mountain may be ascended and descend-

ed in one day. The valley of Tavetsch is peculiarly

exposed to avalanches. In 1749, an avalanche came
from Crispalt, a mountain two leagues distant, and over-

whelmed 100 persons, of whom 80 were taken out of

the snow alive. On the night of the 1 3th December
1808, another descended from Rouenatsch on the vil-

lage of Selva, and killed 42 persons, and 287 cattle.

The valley of Metlels is very narrow and picturesque.

It is watered by the middle Rhine, and extends five or

six leagues. Wheat, barley, flax, and hemp, are here

cultivated ; but the care of the cattle is the principal

concern of the inhabitants. Very fine cheese is also

produced in this valley. Beyond the junction of the

middle and anterior Rhine, the valley is for 1 ^ miles

very narrow and dark, owing to the height of the rocks,

and the fir trees which cover them. The middle Rhine
runs in a very narrow channel, and forms many fine cas-

cades. In leaving this defile, the smiling valley of Me-
dels appears. The village of Kurajla is seen situated

above the river ; and on the left the lateral valley of

Platas, which contains the hamlets of Soliva and Bis-

quolm. At the Hospice of St Maria, on the Lucmanier,

the Val-Kadelina opens, in which the middle Rhine has

its origin. See Lucmanier.
The valley of Sumvix opens into the Rhine opposite

the village of Sumvix, and has the village of Surliein

at its mouth. It is about five leagues long, and
stretches between huge mountains covered with gla-

ciers. It is rich in mountain pastures, meadows, and
forests. The mountain of Tenija, situated at the up-

per extremity of the valley, divides it into two branch-

es, viz. Val-vijlots and Val-greina. The torrent which
runs through the valley, has its origin in the vast

glacier of Medels. Though the valley is more fertile

than that of Medels, it has only two chapels, and 121

inhabited houses. There is a sulphureous spring half

a league alwve Surhein. The view of the cascade

of the Greina, and the surrounding glacier, is particu-

larly admired.

The valley of Lugnetz opens into the Rhine near

Ilantz (See Ix,antz). It is eleven leagues long, and

contains many lateral vallies. From Ilantz to the cen- (iritont.

tral point where the valley divides is three leagues. To —^r^
the south-west of this j»oint stretches the v«lley of
Urin, and to the soutli-east that of .St IVtersthal. 'The
greater part of the inhabiUnts are Catholics. See Lug-
netz.
The road from Dissentis to Coirc, along the bank* of Bunks of the

the Rhine, is extremely interesting. The Benedictine Rhine from
abbey of Dissentis is situated above the town of the lii»»entitlo

same name on the northern face of the mountain Va- '-""*•

karaka, whose great forests protect both it and the town.
It enjoys a splendid view of the Rhine as far down
as Coire. It was founded in <)14, by Sigebert, a .Scot-

tish Benedictine, who came to preach Chri.stianity to
the Rhetians. Placide Toparchaof Troiis gave him the
ground for this purpose, and became himself a monk.
The convent and a part of the town were burned by
the French in May 1799, and the inhabitants were put
to the sword, in consequence of the women having mas- Town of

sacred a company of soldiers without arms in a general Diwentifk

insurrection. A collection of books and precious manu-
scripts, and the mineralogical collections and journals

of R. P. Placide a Specha fell a prey to the flames. The
convent has been rebuilt, and the Catholic school of the
canton has been established here since ISOt. The town
is the chief place of the district of Dissentis, which is

one of the most ancient and populous of the Grey
league. From Dissentis to Trons is a distance of 3
leagues. The best wheat in the Grisons grows about
Sumvix. The mountains are all primitive to Trons, Trong.

but to Ilantz tliey are composed of beds of calcare-

ous stone and schistus. To the north of Trons (See
Trons) opens the wild valley of Puntajlas, indented
with glaciers from which issue the torrent of Ferrara.

From Trons to Ilantz by Tavenas and Rauvis, is a dis-

tance of four leagues through a very narrow valley.

The great road recrosses the Rhine below Tave-
nas, and passes by Rauvis, Schlowis, Sagens, Lax,
Flims, Trins, and Tamins to Reichenau. At Rauvis,

a league below Ilantz, is a mine of galtena, containing Mi&ts.

silver. The galaena is in masses of gneiss. At Ober-
sax, a village on the other side of the Rhine, there is a

mine of pale red copper, containing much silver. There
is also here abundance of borax. These two mines
have been wrought since 1806. The road through

Schowis, Sagens, and Lax, traverses thick forests of

pines, and a wild country, diversified with grain and
pastures. At Flims, which is situatetl on beautifiil Flinu.

hills in a pleasant place, and also at Tamins, the houses

stand in separate clusters. Flims is remarkable for the

beauty of its inhabitants, and for the excellence of its

springs of water. The torrent Blaun sometimes commits
dreadful ranges. From Flims to Elm in the canton of

Claris, is 7^ hours by the Hunter's road. Reichenau is Retchenau,

the key of the anterior Rhine, and is situated at the

confluence of the posterior and anterior Rhine. 'i"he for-

mer has an ash-grey colour, and the latter is a limpid

green. See Reichenau.
The road from Reichenau to Coire or Chur by

Ems, is a distance of 2 leagues. Between Reichenau

and Ems, are 15 or 20 conical hills, covered with

oak, and adorned in the most picturesque manner
by chapels and ruins. From Ems to Coire is a fine

rich valley, bounded on the right by the mountains

of Malix, and on the left by the Galanda. This moun- Mountain

tain is 6598 feet high, and rises like an enormous ofGalan^a.

pyramid. It is ascended most easily on the side

of Coire. It is composed of calcareous rocks, and of

calcareous schistus containitig much argil. The strata

are inclined to the south. Coire is situated on the left
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bank of the Rhine, in a rich plain between 2 or 3 miles

wide. The town lies partly in the plain, and partly on
the steep side of a rock. It i.s encircled with ancient

brick walls, strengthened with round towers. The
streets are narrow and dirty. The bishop's palace and
the cathedral, built in the 8th century, stand in the

highest part of the town. The convent of St I^ucius,

is situated above the palace. The library of the town,

an institution for the poor, the cantonal school, are the

otherprincipal establishments. In 1806, about 200 copper

medals of the Roman emperors were found near the an-

terior gate. The plain around Coire is diversified with

corn and pasture, and the sloping hills are covered with

vines, which yield a pleasant but not a strong wine.

The population of the town is 3000. Rafts cairying

from 20 to 50 quintals, descend the Rhine from the

bridge over the Albula to the Lake of Constance.

Below Coire, the road passes through the fine villages

of Masans, Trimmis, Zitzen, and Ighis, to the chateau

ofMarschlen, where the Messrs Salis have a fine li-

brary, and a superb cabinet of natural history. The
Economical Society of the Grisons was established at

Zitzen in 1778, and had published nine fasciculi in

1 80.3. The road now crosses the Lanquart by the bridge

of Zollbrucks, where there is a pontage, and passes

through Malantz, Jennins, and Mayenfield. Malantz

is a small handsome town on the side of a hill. Its

red and white wmes are reckoned the best in the

Grisons. There are beds of gypsum near Jennins,

and much blue marl in the neighbourhood. Jennins

is half a league from Mayenfield, and three quar-

ters of a league from the defile of Luciensteg. The
fine valley of Mayenfield is a league wide, and is sur-

rounded with lofty calcareous mountains. The defile

of Luciensteg is situated near the northern frontier of

the Grisons, on the side of Suabia, between the Gous-
cher Alp 5.573 feet high, and the Flesch 3114 feet

high. A wall 100 toises long, and a rampart of the

same length, defends on that side the entrance to the

Grisons. The frontier passes near Balzeres, situated

on that defile. At the village of Gouscha near Lu-
ciensteg, the mothers are accustomed to tie their chil-

dren to a rope of a certain length, when they are
obliged to leave them at home, lest they should fall

over the precipices.

3. The valley of the Inn or the Engadin, is one ofthe
finest in Switzerland. It has 28 lateral vallies, several

of which have two or three ramifications. It stretches

from the south-west to the north-east, and is 1 8 leagues
long from the Maloggia to the bridge of St Martin. It

is divided into the higher and the lower Engadin. The
former is seven leagues long from the mountain Ma-
loggia to that of Casanna, and the latter is 1 1 leagues
long from Brail to the bridge of St Martin. It is subject
to frequent earthquakes. A full account of this inte-
resting district will be found in our article Inn.

*. The valley of the Albula comprehends the vallies of
Davos and of Oberhalbstein. The principal valley of
Davos is five leagues long, and is watered by the Land-
wasser, which falls into the Albula near Filisour, the end
ofthe valley, where the river runs through a defile 1200
feet deep. The lateral vallies of Davos are those of
Flula, Dischma, and the fine valley of Sertig, which is
divided into two, and has a sulphureous spring, and ano-
ther mmeral water of a purgative quality. Each of
these three vallies is four leagues long. Opposite the
gorge of Zughen is the valley of Montstein, which has
two branches, each a league in length. The district of
Davos contains six lakes; the greatest of these, which

^is half a league long and a quarter wide, contains great
quantities of fish. This district possesses several mines
of galasna, copper, lead, and iron. The river Albula
issues from a small lake in a mountain of the same
name, over which there is a road to the Engadin. It

descends into the valley across a dreadful gorge called

the rock of Bergun or Bergunerstein, and meets the
Landwasser at Filisour. Though the smallest of the
two, the united stream is called the Albula. It receives
the Rhin-d'Oberhalbstein at Tiefenkasten, and is then
lost in the posterior Rhine at Furstenau.

The valley of Oberhalbstein lies on the northern face Valler
of the mountains Septiraer and Julier. It is 8 leagues Oberiuib
long, and its river rises in a small lake on Mount Sep- stein,

timer. Savognin is the chief place in the valley. About
Tintzen the valley grows very narrow, and the road
ascends at the side of a torrent, bounded by horrible
rocks. At the endof three-fourths of an hour it enters
the meadows of Rofna. Near Molins, the castle of
Splondatsch appears at the bottom of a frightful gorge.
On the road to Marmels, the ruins of the castle of the
ancient lords of Marmels rises on the right, upon the
summit of lofty rocks. There is a mine of silver and
of tin near Ziteil ; and the remains of a copper mine
between Ochsenberg and Tintzen.

5. The valley of the Lanquhart, or the Prettigau, is 8 5 y^
leagues long and 4 wide, and has 9 or 10 lateral vallies. the Pielj

An account of it will be given under Phettigau. For tigau.

still farther topographical information re.specting the
Grisons, see Misox, and the other articles already
referred to.

Tlie Grisons are divided into three leagues. 1 . The political!

League of God's House ; 2. The Grey League ; and 3. divi

The League of the Ten Jurisdictions.

The League of God's House is divided into 11 dis-

tricts, and 2 1 communes, and sends 22 deputies to the ge-
neral diet. Coire is the capital. The jurisdictions are,

1. Coire. 7. Obervats.

2. Pregalia. 8. Oberhalbstein.

3. LIpper Engadin. 9. Puschiavo.

4. Lower Engadin. 10. Munster.
5. Bivio or Stalla. 11. Villages of Zitzen, Ighis,

6. Ortenstein. Trimmis, and Unter Xatz.

The Grey League is divided into 8 high jurisdictions

and 27 communes, and sends 32 members to the gene-
ral diet. The following are the jurisdictions :

1. Dissentis. 5. Flims.

2. Valley of Lugnetz. fi. Rliinwald and Schams.
3. Grub. 7. Henzenberg and Tousia.

4. Waltensburg. 8. Misox.

The League of Ten Jurisdictions is composed of 1 1 „ ,

communities, and send 14 members to the diet. It ment.
comprehends the rest of the Grisons, viz. the vallies of
Davos, Prettigau, Mayenfield, &c.

These three leagues are connected by an annual diet Annu
of the congress and of the three chiefs. The diet con- diet,

sists of 63 deputies, who are chosen in the several com-
munities by every male above a certain age. The diet

meets about the beginning of September at Ilantz,

Coire, and Davos, in rotation, and sits three weeks or

a month. The chief of the league, in whose district

the diet is held, is president, and has a casting vote.

In all affairs of importance, the deputies act according
to the instructions of their constituents. A majority

of votes decides every thing ; but they vote in the foU
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lowing manner : Wlun the coinnmnities send instruc-

tions, tlie secretary reiuls them aloud, and the votes

are taken from these instnictions. In all resolutions

respectinj; which in-structions are not received, the de-

puties may vote as they please ; but these resolutions

are subject to the revisal of the communities. For this

purpose, a congress is held in February or March at

Coire, consisting of the three chiefs and three deputies

from each league, for the purjwse of receiving the votes

of the different communities relative to the questions

referred to them at the preceding diet. The three chiefs,

and the other members of congress, receive 54 florins,

about £ 4, to defray their expences. The deputies to

•the general diet receive a saliiry, which never exceeds

five shillings a day.

The three chiefs meet three times in the year at Coire,

and send information to the different communities re-

specting the subjects of discussion at the general diet.

The Roman law, modifietl by municipal customs,

prevails in the three leagues. It appears from the con-

curring testimony of several travellers, that the adminis-

tration of justice, both in the civil and criminal court.s,

is very imperfect. The judges are capable of being

bribed ; and confessions are obtained by torture.

The public chamber of justice, called the Stratlge-

richl, is a court composed of ten judges out of every

league, and 20 advocates. It is a3seinl)led, by a de-

mand made by the peasants to the general diet, and is

paramount to all law. There is no appeal from the de-

cisions of this inquisitorial tribunal. The worst effects

resulted from the meeting of this court, but fortunately

it is now gone into disuse.

The Catholic and Protestant religions both prevail in

the Grisons. The I'rotrstants form about two-thirds

of the population. There are 1 35 Protestant parishes,

viz. 53 in the League of God's House, 46 in the Grey
League, and 36" in the League of Ten Jurisdictions.

The livings are from £ 6" to £ 25 per annum. The
clergy are liere obliged to increase their income by traf-

fic ; and their poverty is rendered more oppressive from

their dependence, as they are generally chosen by the

people. Several of the ministers are, however, very

respectable, and well informed. The Protestants are

educated at Zurich and Basle ; and the Catholics at Mi-

lan, Pavia, or Vienna. A Latin school was established

at Coire for the children of the burghers ; and another

in 1763, for those intended for the church.

The expenditure of the government consists merely in

the salaries of the deputies, and in the expences incur-

red at the sitting of the diet. The revenues are drawn
fVom the duties upon merchandize, which passes through

the canton of the dependent states, and was farmed at

17,000 florins, or £ 1259 : from fines upon delinquents
;

from a tribute of 500 Philips, or £ 125, from the Val-

teline; and 100 Philips, or£ 25, from Chiavenna ; and
from the interest of a small sum, the principal part of

which, viz. £4000, was vested in the British funds.

The commerce of the Grisons is very limited. Its

principal exports are cheese and cattle, and some planks,

stones, and coal, to Milan. The care of the cattle is

the principal employment of the peasantry. The can-

ton possesses 8000 head of great cattle, about 30,000
cows, from 60,<K)0 to 70,000 goats, and nearly 100,000

sheep, which come annually from Italy to feed upon
the fine pastures t)f the Grisons The cattle of the Pret-

tigau are the finest breed. Vines are cultivated in the

vallies on the northern and southern frontiers.

The imports of the Grisons, are grain, rice, salt, and
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silk stuffs, from Milan

;
grain from .Suabin and the Ty- Orw.r. .

rol ; salt from the Tyrol and Bavaria ; fine linens atul
'^"^^'"^

muslins from .Switzerland ; and Knglish, French, and
Silesian fine cloth through Germany. The only manu-
factory in the country, is that of cotton at Coire. The
trade of the (irisons, and the subject provinces, is car-
ried on with Milan across the Lake of Como, by ita

branch the lake of Lecco, by the river Adda, and by
the canals of the Adda and the Trezzo.
The Italian, German, and Romansh languages, prevail Languicu.

in the (Jrison territory. The inhabitants of Pregalia
and Pusehiavo, and of the vallies of Miso\ and Calan-
ca, speak the Milanese dialect of the Italian tongtie.

The inhabitants of the Ten Jurisdictions, with the ex-
ception of a few villages; those of the League of Gotl's

House, at Avers, Coire, and the fiuir villages; those
of the Grey League, at Splugen, Ccpin.i, and other vil-

lages of the Rhinwald ; at Valts, in the valley of St
Pedro ; at Tousis, Reichenau, Feldsperg, Tamins, Mey-
erhof, Versam, and Valendros.

The Romansh, or Rhetian language, is the vernacu-
lar tongue throughout the greater portion of the Gri-
son territory. It was formerly sjjoken at Coire, and
the adjacent districts, and as far as Inspruck in the Ty-
rol. It is divided into two principal dialects ; the one
called Cialover, spoken in the Grey League ; and the
other Ladin, in that of.God's Hou.se. These dialects

vary both in pronunciation and orthography, and they
have a great affinity to the Latin, and other languages
derived from the Latin. Planta seems to have prove<J,

that the Romansh of the Grisons is the same with the

ancient Romansh, called Lingiiu Romana, the mother of

the French tongue. It was the earliest language de-

rived from the colloquial Latin, and was understood in

Italy, in the Morea, and at Constantinople, liaving been
universally diffused throughout the south of Europe in

the 1 1th and 12th centuries.

The antiquities in the Grisons are very numerous. Antiquities.

There are no fewer than 180 castles and ruins of the

middle ages.

Mr Coxe reckons the population of the Grisons at Population.

98,000.

The Grey League contains . . . 54',000 souls.

League of God's House 29,000

League of Ten Jurisdictions . . 1 5,000

98,000

In the year 1806, the population was 73,862, viz.

Protestants 44,982

Catholics 28,880

73,862

Or thej- may be divided into

Germans 28,000

Those who speak tlie ancient

Rlietian language 36,065

Italians 9797

Total population 73,862

I'his number is exclusive of the provinces formerly

subject to the Grisons. See Coxe's Travel* in Snilzer.

land, vol. iii. ; Ebel's ^fmtnel d'mi Voyageur en Suisse,

passim ; and Planta's Accotml of' the Romansh Language,

in the Pliilosophical Transactions for 1776, vol. Ixvi.

p. 129.
So
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Gioini.
GRODNO, is a town of Poland, in Lithuania, and,

with the exception of Wilna the capital, is the most im-

portant place in that province. It is now a frontier

town in the Russian division of Poland. It is built

upon an eminence which overlooks the river Nienien,

which is liere a broad, clear, and shallow stream. Grod-
no is a large and straggling place, and has the appear-

ance of a town in decay. The few houses that are in

good repair, form a singular contrast with the wretched
habitations, the falling houses, the ruined palaces, and
the magnificent gateways, which are evei-y where to be

seen. Some remains of the old palace, in which the kings

formerlyresided during the diets, are still to be seen upon
a hill of sand, rising abruptly from the river, and form-

ing part of the bank. The new palace is opposite to

this hill. It was built, but never inhabited, by Augus-
tus III. and became the temporary residence of Sta-

nislaus Augustus after his abdication. It contains the

apartments for the meeting of the diets. The late

King of Poland established at Grodno a royal academy
of physic for Lithuania, in which ten students are in-

structed in medicine, and twenty in surgery, and are

lodged, boarded, and taught at the royal expence.

'J"he physic garden contained 1500 exotic plants, when
Mr Cox passed tln-ough the town in 1778. The prin-

cipal manufactures here, are cloth and camlets, linens

and cottons, silk stuffs, embroidery, silk stockings, hats,

lace, fire arms, needles, cards, bleaching wax, and car-

riages. They were chiefly established by the king in

1776, and in 1778 they were carrying on in wooden
sheds, built by Augustus III. for stables, which were
converted into temporary working looms, and dwelling
houses for the workmen. The establishment was sub-
sequently removed to Lossona, a village near Grodno,
where convenient buildings were erected at the pub-
lic expence. The country furnishes a sufficient supply
of wool, flax, hemp, beavers' hair, and wax, for the ma-
nufactories that require these articles ; but the silk,

cotton, iron, colours, gold, and silver, for the embroi-
dery, and the fine thread from Brussels, are all articles

of import. Three thousand persons are employed in

these manufactories, including those in the neighbour-
ing villages who spin linen and worsted. Seventy fo-

reigners direct the different branches, and the rest are
natives. Grodno contains nine Catholic churches, and
two Greek churches. The population consists of SOOO
Christians, exclusive of those engaged in manufactures,
and 1 000 Jews. See Cox's Travels in Poland, SjC vol. i.

p. 220, 223.

GROINS. In our article Carpentry, Book iii. p.
.522, &c. we have already treated the subject of groins
at some length. We proposed, under the present head,
to have investigated the subject of Domes, from which
we have made a reference ; but we have found it ne-
cessary to include this subject under that of Roofs, to
which the reader is referred.

In the article Carpentry, we have mentioned the
gjreat improvement in the construction of brick groins,
rising from rectangular piers, as made by Mr George
Tapper. The following account of this improvement
has been drawn up for our work, by Mr John Narien.

If a square or rectangular area be covered with two
vaults, penetrating each other at right angles, and form-
ing two ridges which cross the area diagonally, and in-
tersect each other at the common summit of the vaults,
the arch thus formed is called a groined vault: the pe-
netrating vaults may be either semicircular, or semi-
elliptical, or one of them may be semicircular, and the
other semi-elliptical. The intersections of the circular

3

Groi;or elliptical vaults, forming the ridges or groin angle?,

will be ellipses, because every oblique seclion of a cy-

linder or elliptical prism produces an elliptic curve, and
the case will be the same when one of the vaults is cir-

cular and the other elliptical ; for if horizontal lines

were drawn from points in the diameter or chord of the

circul.ir vault perpendicularly to that diameter, and cut-

ting in different points a lino drawn diygonally across

the area, tJie ordinates drawn up to the ridge or groin

angle from these points, will be respectively equal to

the ordinates at the corresponding points under the cir-

cular vault, and consequently their ends will be in the

periphery of an ellipse.

Tlie four vaults or arches forming the groined vault^

spring from the angles of four square abutment piers,

and if the intended vault is to be built of stone, the
courses in each arch respectively, are laid upon the cen-
tering in lines parallel to the axis of the arch they com-
pose, in such a manner that the voussoirs of each arch
meet the voussoirs of its adjacent arch at the groin
angle, where the faces of the angular voussoir in each
course are wrought in such a manner as to form the

curve of the groin, which springs fi-om the angle of the

pier on which the arches stand. The upper surfaces of
these angular voussoirs are also wrought, so that on both
faces they may coincide with the other stones of the
same course, by which means these surfaces meet in a
ridge which is always perpendicular to the curve of the

groin angle. When the intended vault is to be built of
brick, the internal faces of the brick voussoirs in each
course are cut away at the groin angle, to receive the

wedge-like end of a brick in the adjacent arch in the

same course, in order to bind the arches together more
firmly: (See Fig. 1.) But as bricks have not, like Piati
wrought stones, the form of a frustum of a wedge by ccLX}|f;

which they may sustain themselves when arranged in Kig. I,

the shape of an arch, their stability must depend upon
the strength of the cement placed between them, which,
uniting them into one mass, renders a structure of this

kind a sort of vault hewn out of a rock.

From a consideration of the above mentioned mode
of constructing groined vaults, it will be evident that

the pressures, both vertical and lateral, of all the arches

of which they are composed, are resisted and sustained

by the mutual intersections of the courses of masonry
at the groin angles ; these intersections may be consi-

dered as squares upon the corners of the piers from
which they spring, the side of the square being equal

to the thickness of the course of voussoirs, so that the
diagonal ribs of the vault form as it were two arches,

which are kept in a state of equilibration, by the weight
of the spandrils immediately over them, and serve as

bases upon which the side arches with their spandrils,

and all the superincumbent loading, ultimately rests;

hence it will be evident, that if the weight of the arches,

with their loading over them, were in a constant ratio

to the weight necessary for keeping the ribs in a state

of equilibration, the whole vault would be in equilibrio

in all its parts. This, however, cannot be attained in

practice, because the distances between the ribs at any
part are never in proportion to tlie height of the span-

drils over the ribs at those parts, and therefore tlie

groined vaulting will always in some degree be defective

in its equilibration; besides the disadvantage arising from
the whole of the weight falling entirely upon th? ribs,

which receive no support frorn the voussoirs of the

contiguous side arches, whose joints are all oblique

to the directions of the ribs.

But as groined vaults are absolutely necessary iq

!



G R O 5

wfireliouses, nml many otluT buiUlIngs, for the purpose
ot'giviiit^coninuinicalion tliroufjhoiit the same in every
tljrection, whicli cannot be obtained wliere wngjron-

head vaults are used ; Jind ns there is a great saving

of mnteri.ils, resulting (Vom the ardies bearing on jjiers

only instead of parallel walls, it follows, that an im-
provement in their eoiistruction, whieh tends to bring
them nearer to an equality in strength with tlie wag-
gon-head vaulting, must be a great actquisition. This
improvement has lieen lately made by Mr Cieorge Tajj-

pcn, an architect of London, who, instead of the square
pieiw hitiierto used, has adopted octangular ones, (by
which a considerable saving of room is made,) and has
thrown stout ribs diagonally over the vault whose
breadths are equal to the sides of the octagons on wliicli

they stand. The side arches, which in brick-work are set

four inches back I'rom the face of the ribs, in order to

save the trouble and expence of cutting the groin angles,

are worked into, and rest upon these ribs. By this im-
proved construction, the ribs form a much stronger
.supjjort for the weight of the incumbent vault, and the
loadmg above, than by the old method, as the follow-
ing Comparison will shew.

Since the force of the superincumbent weight has
been found by experience to act chiefly in the direction

of tile groins, they require the greatest strength that

can be given them ; at the same time, the side arches
should be made to throw as little weight as possible

upon them, particularly about the summit of the vault,

that their tendency to fracture towards the crown may-
be diminished as much as the nature of the case will

admit. In the groined vaults hitherto constructed,

where the groins spring from the extreme corners of
the stjuare piers, their section, taken perpendicular to

their length, forms a square, {,see a. Fig. 2 ) having
one of its angles turned towards the centre of the

curve, and its side equal to the thickness of the arches;

whereas in the new vault, the section taken in the

same manner, forms a recfcrngle equal in breadth to

the side of an octagon inscribed in the square pier,

and of a depth which may exceed that of the old groin
in any proportion, (see b, Fig. 2.) Now, the strength

of an arch, in its different points, is measured by the
greatest weight which it is able to carry on those points
without breaking ; that is, it is in a ratio compounded
of the triplicate ratio of the secant of the angle of the
curve's inclination to the horizon, in its various points,

and the reciprocjil simple ratio of the radius of curva-
ture in the same points. But since the relative strength
of arches is to be determined by comparing them in

their weakest parts, (namely the crown,) the strength
of any arch at the crown will be reciprocally as tlie

radius of curvature at that point, since the angle of
the curve's incluiation to the horizon at that point is

always 0° 0'
; or reciprocally as the span of the arches

when the rise of them is the same, their thicknesses be-
ing supposed equal. From this it will be evident, that
the strength of the diagonal ribs and groins will be
directly as the areas of their sections, and distances of
the centres of gravity from the place where the frac-

ture would end, and reciprocally as the spans of the
arches : that is, if A represent the area of the section,

G the tlistance of its centre of gravity, and S the span
of the arch ; then the strength of one arch to that of

A . G
smother will be as —?^—

.

o

Let the side of the square pier he=a; then the thick-

ness necessary for the side arches will be =— , which.
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consequently, will be the side of tlic sqiurc section of
the groins in the old arch; its area, therefore, will [te

= yg = A, and its half diagonal = ^ V— = G. The

distance of the piers being '!•..'; n, the span of the diago-

nal groins will be = -/ITxX^.S a}' = CSGi a = S ;

a /a-

we have therefore~_1 = ^^^^ for the strength of

the old groin.

The side of the square pier remaining still = a iii

the new arch, the breadth of the rib = ^i a'> a,
which is the side of an octagon inscribed within the

pier, the thickness proper for tl)e rib will be = -^ : then

•n * «'v^2wdl A =—-;—
—«'

3~
A_.^
S

-, the strength of the
122.00t

consequently

new rib.

li we assume ^= 4 feet 8 inches, (the dimensions as-
signed by Mr Alexander to the piers of the groined
vaults at the London dock tobacco warehouses,) the
strength of the old groins will be to that of the new
ribs as 5.41 to 10.61-, which is nearly 2 to 1 in favow
of the new construction ; and this will be the case while
the same proportions are preserved, whatever may be
the extent of the arch.

If the side arches, with their spandrils, and the
loading on the floor above, be cut by parallel verti-
cal planes, (as at S, Fig. 2.) the sections will be to each p^ate
other as their chords ci/ nearly; which being less in thecci.xxxiv.
new vault than in the old, on account of the greater Fig. ?.

breadth of the ribs, the weight incumbent on those ribs
(which always tends to destroy their equilibrium) is

just so much less in the former than in the latter, and
consequently their tendency to fracture is diminished
in the same proportion.

It may not be improper to observe, that Dr Hutton
recommends the stones of the wall, or spandril over the
extrados of the voussoirs of an arch, to be bonded into
the stones of the pier, and with one another ; because
the pier will then carry part of their weight, and there-
by oppose a greater power of resistance to the thrust of
the arch. For the same reason, it would be equ.dly
advisable, in the new method of building groined vaults,

to carry up at the same time the diagonal ribs, side
arches, and spandrils, well bonding the whole together
into one solid mass ; which will render vaults built in

this manner a valuable acquisition in warehouses and
otlicr large buildings, where the greatest weigltts are to
be sustained.

GRONINGEX, a town in Holland, and capital of
the province of the same name. It is intersected by
the river Hunes, which passes through it in a ncrthcrly
direction to the sea. The town is large, rich, strong,

and populous, and is adorned with many excellent build«
ings. It is nearly round, and is surrounded with gcKid

ramparts, a wall, and ditches, and has a citadel. Its

university was founded in lf)14, and endowed with the
revenues of several monasteries The harbour can con-
tain many vessels, which enter it by a canal about nine
miles from the sea. It carries on a con.-'iderable trade
in butter, horses, and horned cattle. There are some
breweries in the town.
GROSE, Francis, a celebrated antiquarian, was

bom in 1731, and was the son of a jiweiler at Rich-
mond, who died in the year 176'9, and lel't his son ait
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intlependent fortune. He entered into the Surrey mi-

litia, and was appointed adjutant and paymaster ; and

such was his love »f dissipation, that he soon squan-

dered away the fortune which his father had accumu-

lated. The distress to which he was now reduced,

compelled him to have recourse to his talents ; and ha-

ving a fine taste for drawing, he began to collect ma-

terials for his Views of Aiiliqtiities in England aiid

Wales, a work which lie began to jniblish in numbers

i.i 1773, and which was completed in 177(>. Other

two volumes, including Guernsey and Jersey, were com-

pleted in 1787. The success of this work induced him

to embark more deeply as an author. In the summer

of 1789, he made a tour through Scotland; and in

1790, he began to publish, in numbers, his Antiquities

of Scotland, which were completed in two volumes

4to. In the year 1791, Mr Grose set out for Ireland,

•with the view of collecting materials for an account of

the antiquities of tliat country ; but soon after his ar-

rival at Dublin, he was seized with an apoplectic fit, of

which he dietl, on the 6th of May 1791, about the COtli

year of his age. Mr Grose was remarkable for liis good

humour, conviviality, and friendsliip.
,
He was ex-

tremely corpulent, and altogether singular in his ex-

ternal appearance. A likeness of him, at full length,

is given in his Olio, published after his death.

The following is a list of his works : 1. The Antiqui-

ties of England and Wales, 8 vols. 4to. and 8vo. 2. The
Antiquities of Scotland, 2 vols. 4to. and 8vo. S. The
Antiquities of Ireland, 2 vols. 4to. and 8vo. 4. A Trea-

tise on Ancient Armour and Weapons, 4to, 1785.

5. A Classical Dictionary of the Vulgar Tongue, 8 vols.

1785. C. Military Antiquities; being a History of the

English Army from the Conquest to the present time,

2 vols. 4to, 1786, 1788. 7- The History of Dover
Castle, by the Rev. William Daniel!, 4to, 1 786. 8. A
Provincial Glossary, with a Collection of local Proverbs

and popular Superstitions, 8vo, 1788. J). Rules for

drawing Caricatures, 8vo, 1788. 10. Supplement to the

Treatise on Ancient Armour and Weapons, 4to, 1 789.
11. A Guide to Health, Beauty, Honour, and Riches;
being a collection of humorous Advertisements, point-

ing out the means to obtain those blessings ; with a
suitable introductory Preface, 8vo. 12. The Olio;
being a Collection of Essays in Svo, 1793.
GROTIUS, Hugo, one of the most profound and

enlightened scholars, and one of the most remarkable
men of his age, was born at Delft in the United Ne-
therlands, on the 10th of April 1583. The name in
Dutch is De Grool or the Great ; and as it had for many
ages been the patronymick of one branch of his ances-
tors, the circumstances which led to its adoption are
unknown. But few families have better merited such
a distinction, if greatness be estimated not by external
rank and honour, but by those intellectual and moral
endowments, which far surpass in value all the gifts of
fortune. The family of Grotius had been illustrious at
Delft; for four centuries, and he himself in the estima-
tion of his own age and of posterity, pre-eminently
merited the surname of Great among the great. He
did not descend, however, in the uninterrupted male
line from that family ; for it is related, that about the
year 1430, Dederic De Groot, burgomaster of Delft,
and a highly distinguished member of the family, had
an only child, a daughter named Eremgard, whom he
left a wealthy heiress. This young lady was sought in
marriage by Cornelius Cornctz, who sprung from that
branch of the noble family of Cornetz, which, under
the Dukes of Burgundy, had emigrated from France

into Holland. The lady favoured his addresses, but
under this stipulation, that should there be any children '

of the marriage, they should take the name ofher and her

ancestors, I)c Grout. The first who, in confomiity to

this agreement, bore her name, was Hugh, grandson of

Dederic, and grandfather of the,subject of this article.

One of the sons of this Hugh was Cornelius De Groot,

born in Delft in 1544. After acquiring much learning

at his native place, he prosecuted liis studies, literary

and mathematical, with great ardour at Louvain and
Paris. He delighted in the philosophy of Plato. He
then applied himself to the civil law at Orleans, afld

on his return to Delft, betook himself to the bar, and
atTterwards filled several important offices. In 1.675 he
was appointed professor of philosophy in the univer-

sity of Leyden, which dates its origin from about tliat

time, and which has since been so celebrated in the
republic of letters. He afterwards taught the civil law
in that seminarj', and evinced his preference for the
quiet pursuits of learning, by refusing a seat in the
great council of the States, though that appointment
was repeatedly pressed on his acceptance. He died
without issue in l601. Hugh De CJroot had another
son, John, who also studied law. He was appointed
burgomaster of Delft, and afterwards curator of the
university of Leyden. He was an elegant scholar and
a poet. But his chief claim to the remembrance of
posterity is, that he was the father of our Hugo Gro-
tius, to whom it is now proper to direct our attention.

This illustrious man was born, as we already stated,

at Delft in 1583. His motlier's name was Alide Over-
schie, and the family to which she belonged was of
some note. Endued by nature with admirable talents,

he enjoyed from his infancy the advantage of an ex-
cellent education. When he was only seven years of
age, he was placed under the tuition of masters, with
whom he made such extraordinary progress, that be-
fore he had completed his ninth year he composed
verses which obtained tlie approbation of the learned.

At twelve he was so great a proficient in the know-
letlge of the classics, and of belles letlres, that he was
qualified to pursue his studies at the university. He
was according!}' sent in 1595 from Delft to Leyden,
where he spent three years in the study of mathema-
tics, philosoph}-, theology, and law, and excelled in the
knowledge of each of these sciences. He was only
fifteen years old when he wrote a commentary on a
very difficult Latin poet, Marcianus Capella. The ce-

lebrated statesman, John Barnevelt, attorney-general

of the republic of Holland, having been, in 1 598, ap-
pointed ambassador to France, the young Grotius ac-

companied him thither. Henry tlie Fourth, who then
reigned in France, gave him most gratifying marks of
his esteem. The monarch presented him with a gold

chain, and a portrait of liimself ; and it is said that he
was so highly pleased with such attention, that he
caused his own portrait to be engraved, adorned with
these tokens of royal favour. Wliile he remained ia

France, he obtained tlie degree of Doctor of Law at

the early age of sixteen.

On his return to Holland, Grotius, in compliance
with his father's desire, entered on the profession of
law ; and at the age of seventeen, he began to plead

with distinguished ability and success. He retained

his fondness, however, for classical and literary pur-

suits, and continued to prosecute his general studies

with ardour in those intervals of leisure which his la-

borious profession allowed, and which supplied the

place of recreation, chiefly by affording a change o€-

4
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employment. When he was in lii« 24th ye«r, he was

^ appointed attorney-pcneral of Holland, Zealand, and
West Friezland, and filled his high office witli such

talents and integrity, that tlie salary attached to it was
aujfmented.

In 10" 13 he removed to Rotterdam, to engage in the

duty of pensionary, or chief magistrate of that city, as

successor of the recently deceased Elias Barnevelt, bro-

ther of John, his early patron and friend. At this time,

religious controversy ran high in the United Provinces

between the Calvinists, or Gomarists as they have been
called, fWnii Francis Gomar of Bruges, and the Armeni-
ans, especially with respect to grace and predestination.

Grotius, amidst the heat of the contending parties, con-

ducted himself with such prudence and motleration, as

to retain for a considerable time the respect of both.

He was also admitted into the assembly of the states of

Holland; and as he had written in defence of the right

of the Dutch to trade with India, he was sent to Eng-
land, to adjust the diiferences which had arisen between
tlie merchants of the two countries. He succeeded in

the object of his mission, and received marks of regard

from James I. At his return home, he found the Uni-

ted Provinces divided and distracted by quarrels about

religion ; and while he had the affliction to see that true

patriot and able politician John Banievelt sacrificed to

a faction, under the pretence of treason and heresy, to

gratify its own ambitious projects, Grotius himself most
narrowly escaped sharing his mel.incholy fate. Barne-

velt was tried by twenty-six commissioners deputed

from the Seven Provinces, and, in terms of the sentence

of this cruel tribunal, was beheaded in 1(JI9. Grotius,

who liad been warmly attached to him, and who was
suspected, by the bigots of the day, of favouring the

Armenians, was involved in his disgrace. He was ar-

rested in Augu.st lfil8, and in May following was con-

demned to perpetual imprisonment, and to have all his

property confiscated. He was strictly confined in the

castle of Louvestein, near Gorcum. " Here he remain-

ed," says Dumourier, " without any other consolation

than the company of his wife, and of books which his

friends were permitted to send to him. A large trunk

was usually sent filled with books, which he returned

after having devoured them, (apres les avoir devon's,)

and it was during this imprisonment that he translated

Stoboeus. But his confinement lasted only about two
years, as he was happily dtlivercd from it by the ad-

dress of his wife, Mary Reygelsberg.* Slie having re-

marked, that his guards (tired with frequently searching

the great chest filled with linen or books, that passed

between the prison and Gorcum) allowed it at length

to be transmitted without opening it, advised her hus-

band to place himself in it, after having made holes

with a wimble in the part of it over his face, to allow

him to breathe. He entered into the scheme, and was
thus carried to the house of one of his friends at Gor-

cum, whence he went to Antwerp by the ordinary con-

veyance, after having passed through the market-place

at Gorcum, disguised as a mason with a rule in his

hand. His wife, wlio had so dexterously managed the

affair, pretended that her husband was much indisposed,

in order to afford time for his escape ; but when she

supposed him to be in a place of safety, she told the

guards that the bird was flown. It was at first intend-

ed to prosecute her, with a view of having her confined

in her husband's stead ; but she was liberated by a ma-
jority of vote.s, and she was universally praised for hav-

ing restored her husband to freedom. Thi« took place Omdi*
in March 1621." Dumourier Mrmnirfs de ll'illandr. y ^
Grotius thug happily delivered, secretly left Antwerp
in the following month, and repaired to France, where
he experienced powerful protection, and wag intnnlu-
ced to Louis XIII. who bestowed on him a pension of
."JOOO livres, which he enjoyed for about ten years.
Prince Mam-ice, the enemy of Barnevelt, and persecu-
tor of Grotius, died in 1G25 ; and it is a circumstance
highly honourable to Grotius, that in his History of the
Netherlands, from the departure of Philip II. till lG08,
which was not published till after the author's death,
he relates the sjilendid achievements of this prince with
the utmost fidelity, and without alluding to the harsh
treatment which he had suffered from him. The bro-
ther of Maurice, Prince Henry Fretleric, entertained
the most friendly disposition towards Grotius, and would
gladly have recalled him, but was deterred by the jea-
lousy of his |M)litical opponents, which still existed with
unabated force.

Many attempts were in the mean time made, but,'

happily for the best interests of learning and humanity,
without success, to excite prejudice against him in the
breast of his powerful protector I.ouis. That prince
was not to be influenced by such unworthy efforts ; but,
on the contrary, his respect for Grotius increased, by
observing the unabated love which the illustrious exile

bore towards his ungrateful country. He employed
much oi' his time while in France in reading and com-
position, and increased the resentment of his enemies
who then prevailed in Holland, by his admirable de-
fence of the deposed magistrates.

In 1631, his pension from the French court was with-
drawn, whether from motives of public economy, or
from ministerial pique, or from what other cause, can-

not be ascertained. He soon after ventured to return

to Holland, confiding in the friendship of Prince Hen-
ry Frederic. But, through the malice of his enemies,
he was condemned anew to perpetual exile. Finding
himself cruelly compelled to leave his native land, which
he still fondly loved, he repaired to Hamburgh, where
he received the most gratifying offers ofprotection from ^-^
the kings of Denmark, Poland, and Spain, accompa-
nied with solicitations from each, that he would attach

himself to his court. He preferred, however, the pa-

tronage of Gustavus Adolphus, king of Sweden, whose
death, in 1632, obliged him for some time to remain
unemployed in Hamburgh. Queen Christina fulfilled

the wishes and intentions of her predecessor ; and in

1634, appointed Grotius one of her counsellors. She
soon after nominated him to be her ambassador at the

court of France. This new diplomatic appointment

displeased Cardinal Richelieu, then prime minister of

Louis XIII. and he used his influence with Oxcnstem,
the chancellor of Sweden, to have him recalled. Gro-
tius, who had remained in retirement at St Denis till

the ulterior pleasure of the Swedish court should be

known, made his formal entry into Paris as Swedish

ambassador in March 1635. Afler having spent eleven

years in France, he was, in consequence of nis own re-

<|uest, recalled, and having occasion to pass through

Holland in his way to Sweden, he was received at

Amsterdam with every mark of respect and honour

;

for many of his enemies had retired, or were dead, .and

several of his friends were restore<l to offices of public

trust. The accoxint which he gave to the Queen of

Sweden of the affairs connected with his embassy, pro-

«. Dumourier wi^tes her name Be;gelsb«rg, as in the t«xt; but in a nuurgintl note in Bkjile's Dictionary, the is callcil Beygcttbcrgen.
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t?rotius. ved highly satisfactory; and anxious as he was to retire

^-^r""' from public life, she would have gladly retained him in

her councils ; but the jealousies of her courtiers indu-

cing him to persist in his desire, she at length consent-

cd. She made him, when on the eve of his departure,

a present of twelve thousand rix-dollars. Stress of

weather driving the vessel in which he embarked for

Holland upon the coast of Pomerania, he was put ashore

ja a bad state of health, intending to finish his journey

by land. He was unable to proceed farther than Ros-

tock. Calumnies, with regard to the soundness of the

religious principles of Grotius, and the state of his mind
at his death, were officiously published by his enemies ;

but they are satisfactorily confuted by John Questorpius,

professor of theology, and minister of Rostock. This

learned and pious man wrote a letter, which is still extant,

giving a pleasing account of the chearful resignation and
• Christian piety by which the close of his valuable life was
characterizetl. He expired at Rostock, on the 28th of

August 1645, in the 6'3d year of his age. The remains

-of this great and good man were embalmed, and re-

moved to Delft, where they were committed to the se-

pulchre of his ancestor?. His wife appears to have sur-

vived him. He left three sons and a daughter. The
eldest son Cornelius, who wrote elegant Latin verses,

was for some time employed by Oxensttrn in Sweden.
The second, Dederic, was aide-de-camp to Duke Ber-

nard of Weimar, and was assassinated in a tavern by
his valet. The youngest, Peter, was appointed by the
Elector Palatine to be his resident with the states ge-
neral ; and, by the favour of the De Wits, he was made
pensionary of Amsterdam. After having been cm-
ployed in different political embassies for Holland, he
was tiied for alleged offences against the state, and was
acquitted. He died in retirement at the age of seven-
ty. Cornelia, the daughter of Grotius, was married to

M. de Moutha.s, who served with eclat in Holland

;

but being involved in the fall of the De Wits, he quit-
ted that country in 16T2.
The multitude of works which Grotius left behind

him on various subjects, prove him to have been an uni-
»^ I'ersal and profound scholar, and a man of the most in-

defiitiguble industry. It is not without astonishment
that we contemplate the literary labours of one, whose
private misfortunes and public duties might have been
supposed to leave him little inclination, and less leisure,
for the calm pursuits of philosophy and science. His
mind was amply stored with the treasures of ancient
and modern learning, and his excellent memory ena-
bled him to retain and employ, as occasion might re-
quire, the knowledge which he derived from his books.
It is indeed related of him by Borrenian, in proof of
his wonderful memory, though we must be permitted
to doubt the accuracy of the anecdote, that Grotius ha-
ving been present at tlie review of a regiment, recol-
lected the name of every individual belonging to it.

It would Le tedious to give a catalogue of the works
wliich are known to have proceeded from his pen, most
of which were published during the life of the author,
as they amount to seventy-four or seventy-five. As
his writings, however, exercised a powerful influence,
not only over his contemporaries, but have continued,
and stdl continue, to influence the policy of nations,
and the opinions of scholars and philosophers tbroufth-
oiit the civdized world, we shall mention the names of
some of the most remarkable, and add a tew occasional
r'.-flections on tlieir value. Considering him, then, as
.an author, we may, for the sake of arrangement, notice
«ome of those compositions which exhibit him respec-
Xively as a scholar and poet, a patriot, a philosopher, a

philanthropist, and a theologian. It is to be prv°rnised,

that his works were generally li ritten in the Latin lan-

guage, which in his time, and for ages after, formed
the chief medium of communication among the learned

of all the countries of Europe.

In viewing Grotius as a scholar and a poet, we may
mention the following works :

1. Poimr.ta vonniilla, sen Cliaraclcris Ponlificis Eo'
mail!, &c. S^c. 4to, 1599-

2. Marciiini, M. F. Capellce Sa'^ricon, sen dc Nup-
liis Pfiilologicc el Mercurii, lihii duo cvie dali et notis il-

histrati, Svo, I GOO. This learned publication, from so
young an author as Grotius, was among the first things

that brought him into notice, and gave a most auspU
cioiis promise of his future gre.itness.

3. Mirnbitium anni 1000, f/,.a' Be/gas speclont, &c.; a
poem in Ho.

4. Adamux E.viil, tragocdia, Svo, 16"01. This work
was printed when the author was only eighteen, and
about seven years before the birth of Milton. Whether
or not this tragedy may have suggested the idea of
Parndixe Lost, or how far he, Milton, may have availed
himself of it, we have not at present the means of as-

certaining But the choice of this subject by two such
eminent contemporaries, is an interesting coincidence
in the history of literature

R. Clirislus piiliens, tragredia, Svo, 1608. This tra-

gedy was translated into iMiglish by George Sandys,
witli notes, in 1

6'-10. A German writer used it as a
model for the illustration of the rules of tragedy ; and
Curpzovius, Professor of Poetry at Witteraberg, made
it the theme of some of his lectures.

6. Coiiiiuendalio Annuli, {si poem) ito, I6O9 7. Lu'
ca?ii Pkarsnlin, cum notis, 4 to, ICH. 8. Exerpia ex
Tiagiediis ct Cutnwdiis Gnecis, &c.

In the biographical sketch, we have had occasion to

mention the ardent love of country which characterized

Grotius, amidst all the sufferings and varieties of his

life ; and we noticed two of his works relating to his na-
tive land, the one of a historical, the other of a commer-
cial nature. The title of the latter of these, and of the
answer to it, are curious, and particularly wlien we con-
sider them in connection with the political events
and speculations which have maiked the close ot the

eighteenth, and the opening of the nineteenth cen-
tury, both on this and the other side of the Atlan-
tic. It is called Mare Libeium, sen dejure quod Ba-
lavis compelil, mil Indica commcrcia, Svo, 16('9. It was
at first printed anonymously, was then translated into

Dutch, and passed tlu-ough many editions. After :he

lapse of sonie years it was answered by John Seldon,

in a composition entitled Marc clausum, sen de domi-
nio lU'iris, Lond. 1035. To this attack, Grotius, in so
far as we have been able to discover, made no reply.

Grotius published in 4to. A. D. I6IO, his work De An-
tiquilale Rcipubhca; Batavitt. Also, a Discourse pro-

nounced in the Senate of Amsterdam, upon the views
of the States of Holland respecting the Reformed Re-
ligion. In the Dutch language, 4to, I616".

But it behoves iis now to speak of the great work
upon which the fame ot Grotius thieffy rests, which
exhibits him as a citizen of tlie world, and which torms
the beginning of a great era in the history of polirical

philosophy. The work to which we allude was writ-

ten in France, at the instigation ot his friend Peires-

kius, and printed at Paris, in 4to, in lt>'25, entitled De
Jure Belli et Pads. The President Jean Jacques de
Mesmes gave him the use of his country house Balag-
iii, that he might have leisure and retiretntnt for the

composition of this work. The author dedicated it
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to I^ui8 XIII. ami I»e qiiitkly attained by it n splendid

height of po|)ularily mid fame. It was revised mid im-

proved by (irotius, and translated into many lanf^iiaftes.

Under this title he lias attemptc<l to give a complete

system of natural law, and to evolve from tlie mass of

precedents and particular statutes, which constituted

the chief sturly of the lawyers of his time, many of those

general maxims which should enter into the principles

of legislation, and regulate inter-national transactions,

as well as to jioint out their foundation and sanctions

in the nature of man, and in the constitution of human
societv. His work partakes, in some respects, of the

prejudices of the age in whicii it was written, and, par-

ticularly, of an overstrained reverence for the institu-

tions of the Roman law. It is also overloaded with
quotations and authorities from classical writers, from
the Mosaic law, from other parts of scripture, and from
various writers sacred and profane, by which the mind
of the reader is often perplexed rather than enlighten-

ed ; and the diffuseness of the notes forms a curious

contrast to the brevity and obscurity of the text. Puf-

fendorftj for wliom a professorship was formed at Hei-
delberg, for the express purpose of extending the

knowledge of the doctrines of Grotius, is deemed the

most eminent of his disciples and commentators. These
doctrines have been since taught almost to our own
day, in the most celebrated universities of Europe, and,

in the opinion of respectable judges, form the founda-

tion of the ethical and political philosophy of the pre-

sent times. Bayle has justly remarked, that Grotius

must be deemed particularly fortunate as an author

;

and that, fifty years after his death, this work obtained

for him an honour, which was not bestowed upon the

ancients till after many ages, namely, that he appeared

in it cuvi cmmentariis variorum.

We have space only farther to mention, that, besides

several treatises connected with religion and the con-

troversies of the day, Grotius distinguished himself by
a popular and a philosophical work in defence of Chris-

tianity. The first of these was entitled. Proofs of the

True Religion. It was written in Dutch verse, with

the benevolent designs of furnishing innocent and use-

ful employment to the minds of his sea-faring country-

men in long and tedious voyages ; and of enabling

them to maintain their stedfastness in their own faith,

and, as opportunities might occur, to explain and re-

commend it to the foreigners with whom they might
have intercoui"se. The other work to which we have
alluded, is the celebrated treatise De Ferilale Religio-

nis Christianw, which was published at Paris in 1 639,

and dedicated to his friend Bignonius. The plan of

this work is comprehensive, the style frequently ob-

scure, and the notes unnecessarily copious and minute.

Yet, as it was among the first works of the kind which
were published, and as it contained much new and excel-

lent argument and illustration, it has been translated into

all the European languages, referred to in most works on
the same subject, and preserves its estimation as a stand-

ard work on theologj' at the present day. (/)

GROTTO, is a subterraneous fissure or opening in

the earth, generally adorned by calcareous incrusta-

tions, which produce a brilliant effect when illuminated

by torches.

Mountainous and volcanic countries, or those regions

which are partitioned into many islands, more frequent-

ly exhibit grottos, caverns, or fissures, tiian low or level

grounds. They are also common in places subject to

earthquake.'^, and have the greatest extent and intricacy

in countries where iiuge masses of limestone abound.
The most celebrated grotto for beauty, size, and

magnificence, is that of Antiparos, on iiUnd of the Me- Ortxt*.

diterranean, already described in the ])revious part of '*"^'"*"

this work; and that which is reputed next to it is of '^"^""^

recent discovery in the island of Skyc, among the He- '''""r*"*'

brides of Scotland. It had been long known to the
islanders, that ttie mouth of a cavern culled Ulnihd At.
iriman, or the Nursling Cave, opened among the cliffJi

overhanging the sea on the south-west shore, and that
a p.irticular tradition wa» annexed to its history. Hut
none ventured to explore its recesses, until, in the
year 1808, the masculine intrepidity of a lady, Mr*
Gillespie, exposed to more timid adventurers what has
been called one of the most remarkable phenomena,
which exists in the structure of the earth.

I'his cave comes under the particular description of Grotio in

a grotto ; for, it may be observed, that a cave and a ca- <hc if'and

vern, between which some authors even make a dis- "^ ^''T*-

tinction, properly implies a subterraneous vacuity with-
out incrustations. The land above Sloclid AUriman \»

of moderate height ; but, from the shore consisting en-
tirely of perpendicular rocks, the entrance can be reach-

etl on foot only at low water, and then with particular

difficulty. When the tide is up, however, a boat can
easily approach it, unless the wind should render such
an attempt dangerous from sunken rocks, and disloca-

tions of stony masses from the cliffs. The grand ac-

cess to the cave is formed by two immense walls of
free stone, separated thirty feet asunder, ri-sing above
100 feet in perpendicular height, and stretching out in

a straight line from the shore. Here the tide flows
in about 400 feet ; but, at low water, the bottom is

rough, and covered with slippery weeds. These ob-
stnictions being surmounted, a magnificent rugged
arch, of a Gothic foi-m, is presented to the spectator,

and on one side an inferior cave with many lateral cre-

vices. This great aperture is embellished with innu-
merable dark green stalactites of various sizes ; some
descending to the ground, and forming pillars over-

grown with moss, which, with the intermixture of vi^

vid foliage, brown heath, and wild flowers, produces
an interesting combination. Close to the entrance of
this grotto, there is, as it were cut out of the stone, a
small fountain of pure water, surrounded by rocky pil-

lars, and the water collected in the cistern is derived

from the exudation of the rock above. A passage

about nine feet broad, and from fifteen to twenty ii»

height, conducts the visitor almost on a perfect level for

twenty yards, when a steep ascent for .55 feet leads up
a bank of earth, sand, and small broken whinstone,

another acclivity now commences, more difficult to

overcome, of irregular surface, resembling a solid cas-

cade, or frozen snow, and sparkling witli crystalliza-

tions. Advancing a few yards, the principal entrance

to the interior grotto is gained, eight feet broad, and
twelve in height, universally white as marble, and vari-

ously decorated with beautiful incrustations. Thousands
of icicles of pure white spar are suspended from the

roof like the festoons of a curtain, giving the whole a

finished appearance. The breadth, on proceeding still

farther, enlarges to ten feet, and the height to forty,

while the white marble spar continues rough and un-

even ; and it is only after traversing thirty-five feet of

this gallery, that the proper excavation, which has been
denominated the Spar ('ace, is reached. It consists of

a circular vacuity about twenty feet in diameter, with

a lofty roof, and a pool at the bottom, containetl in a
marble cistern. Hut the whole is said to exhibit the

most brilliant spectacle which imagination can conceive.

The sparry concretions are innumerable, and in every

variety of form ; while the lights, by wliich tlie sp«cta«
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Grotto in
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tot examines them, are reflected from a thousand glit-

tering points. Many of the surrounding objects, form-

ed by the calcareous depositions, are compared to ani-

mate and inanimate substances of various descriptions.

To the right is the rejemblance of a monk, as if kneel-

ing on a cushion, with uplifted hands, and large as life.

IJehind it appear several semblances of busts ; and at a

distance are seen the images of various animals, together

with an exact representation of a fleece. But among tiie

whole, the monk excites the greatest attention. The
head is bare, ai'ter the iTionastic fashion ; the face is sup-

posed to be distinct; the shoulders are in just propor-

tion ; and the dra{iery of the robe enveloping the body

is alike beautiful and correct. Figures of vegetables are

every where formed ; and numerous columns, some ap-

parently supported by distortetl beings, seem to sustain

the roof, which resembles a pure white cloud suspended

in the air. Portions of it, however, descend in stalac-

tites ; which, together with the crjstals in the interstices

of the columns, emit fine coruscations from the lights

below.
Another rugged declivity, similar to tliat which con-

dacted the spectator to the cave, leads down to the pool,

which is sixty-five feet in circuit, five feet deep, and of

cooler temperature than the external atmosphere. It re-

sembles a large marble bath of pellucid water, the bot-

tom and sides being of tlie piu-est white. It occupies

80 much of the base of the grotto, that a person can-

not walk round it. On its margin the spectator finds

himself standing in a magnificent apartment, wholly
consisting of the most brilliant spar glittering on all

sides, and emitting myriads of rays, which are reflected

from the bottom of the pool. In some grottos and ca-

verns of other countries, there is a constant supply of
water, which is generally discharged by a stream rim-
ning towards the entrance ; but here there is no visible

outlet, and the quantity of water in this reservoir is

not observed to decrease. Crossing the pool on a
plank, a gallery of great height, but only three feet

wide, is found, which leads to farther passages imjjer-

fectly explored. Its entrance is formed by two large

columns of pure spar; that on the left of rustic con-
formation, six feet in circumference, and sixteen high

;

but that on the right ratlier resembles a work of art.

It is of more surprising structure, and more elegant
appearance, than any of the figures which the spar of
this grotto has assumed. Tlie shaft is twenty feet in

length, nearly cylindrical, and its thickness in general
about two feet and a half It stands on a regular cir-

cular base rising from the floor, and projecting about
twelve inches round its circumference. A series of
sections seems to constitute the whole column, each
twenty-two inches in length, and divisible into two
distinct portions ; the upper one being a crystallized
mass of stalactites, while, in its general aspect, the under
part resembles the foliated carvings of the Corinthian
or Composite capital invertwl. On more minute inspec-
tion, this division is found to display the most methodi-
cal arrangement of structure, in the formation and in-
sertion of tile foliage of sparry concretion ; and the in-
terstices of the leaves are of such dimensions, as to ad-
mit of complete inspection of the interior of the co
lumn, wliich proves a combination of the same foliated
incrusutions as the exterior. Passing by these pillars,
the width of the gallery is somewhat enlarged, the sides
still exposing elegant and numberless crystals, emitting
a dazzling lustre. The floor also is of' white marble,
but of more singular confoi-mation than in any other
part of the cavity. Part of it rising from the rest re
sembles a piece of lace, and consists of many concre-

tions on one side, while the other is. quite smooth, and
entirely covered with shining crystallizations, the waved
interstices of which are full of water. Thfse beautifid

productions abruptly cease at the distance of about 250
feet from the mouth of the cave, and the bare black

rock is exposed. Although farther recesses exist, they

have not yel been explored.

Several singularities regarding this remarkable grotto

being peculiarly interesting, ought not to be overlooked.

Its formation is concluded to have resulted from the

separation of immense dykes of whinstone, while free-

stone constitutes both the floor and the roof Al-

though no considerable stratum of limestone is seen in

the neighbourhood, there is a prodigious accumulation

of spar entirely calcareous within. The crj stailiza-

tions are of the most complete kind, free from every im-
perfection, and white and beautiful. Water is constantly

exuding from the whole roof; and it is likewise uni-

versally suffused over the incrusted surface of the

spar, which is always moist to the touch. But this hu-
midity augments the brilliancy of the coruscations, and
is the source of the water contained in the marble cis-

tern. The endless variety in which the sparry incrusta-

tions apjK'ar, is one of the greatest ornaments of the

grotto ; and the infinite combinations and modifications

of it are alike brilliant and interesting. Sometimes
it is disposed in foliage or flowers ; sometimes in

busts or columns ; and the interior, of tubulated sta-

lactites, is studded with innumerable crystals con-

verging towards the centre. It may seem idle to speak

of traditions of the ninth century, but we shall only

observe in illustration of the name Slcclid Altrimun or

the Ni<rslnig Cave, that it is said to have afforded refuge

to a youthful fimale, who had become the victim of a

feud which estranged the parents of her and her lover,

the young chief of Colonsay. Separated from him, she

was delivered of a son, who was carrietl to Slochd Altri-

mnn, whither his mother retired to nurse his infancy ;

and thence the name of Nursling Cave.

On the 17th of March 177.5, the Rev. Mr Newn-
liam, a young clergyman of Bristol cathedral, ac-

companied by a gentleman and two ladies, went to

visit a chasm in the ground called Penpark Hole,

about three miles from that city. Wishing to sound

its depth with a line, he advanced a short way into

the upper part of the opening declivity, which is

not steep, in order to give it a freer cast, and, for

greater security, held by the twig of a tree, spreailing

across the chasm. Unhappily, in accomplishing this,

his feet slipped, owing to the humidity of the earth, and
he was precipitated headlong into a frightful abyss, be-

fore the eyes of his terrified companions. An accident

so distressing, gave birth to many speculations respect-

ing the caverns where it had happened, particularly

as the body of the sufferer was long the object of a

fruitless search ; but at last some hardy adventurers

having resolved on descending, discovered a great ac-

cumulation of water at the bottom, and a stone thrown

down being interrupted in its fall, disclosed the spot

where the body still floated, 39 days after the catastro-

phe. It is difficult to explain the figure of this,

or indeed of any other cavern, without (Irawings ; there-

fore we shall briefly observe, that the access to Pen-

park Hole is by two separate chasms in the ground,

leading by a declivity to the interior. After passing

different lateral vacuities, one of whicli has a spacious

vaulted roof, the adventurer reaches the most extensive

recess, branching into an oblong irregular space, 22.5

feet long, by 123 in width. Below it are other re-

cesses, and the bottom of the whole, which, if wc
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rightly understand the description, is more than 200

feet trom tlie surface of the earth, is covered with

water, varying in deptii from 6 to 50 feet, but clear,

and good, and free from any peculiarities. All the ca-

vities are of extremely irregular formation, in general

presenting a rocky surface, or sparry incrustations, and

the floor is described as in some places to consist of " a

kind of white stone, enamelled with lead ore." The
subtcrmneous communication between the external

moutiis is extremely narrow, and was first explored by

Mr White, a land-surveyor, who, with much hazard

and difficulty, forced his way through, by crawling on

his belly.
_
But even now, should a stone be dinplaced

in the undertaking, the adventurer would inevitably be

buried alive. Penpark Hole was visited in iOYiy by
Captain Sturmey, and in 1682 by Captain Colhns. The
former was accompanied by a miner, who, penetrating

one of the galleries to a considerable distance, exclaim-

ed that he had found a rich mine ; but his joy was sud-

denly converted to astonishment, for he returned af-

frighted by the sight, as he said, of an evil spirit. No
inducement could prevail on him to revisit the place,

and Captain Sturmey himself sickened four days af-

ter and died. In consequence of the accident above

related, it was more particularly examined by several

individuals ; but more minutely by Mr Catcott and

Mr White, the latter of whom has drawn a section of it.

Great Britain abounds with caverns, and especially

the county of Derby. Here there are no less than 2S

of some celebrity, and some of lesser note. Several

have already been alluded to in our notice ofthat coun-

ty, as that stupendous recess now converted from a

rude and coarse appellation, to the Devil's Cave, or

Peak Cavern, Elden flole, and Poole's Hole, whence we
shall restrict our observations to an abstract of Sir

Mile Richard Sullivan's adventure in the Three Mile Cavern.

This is an immense vacuity that has partly been effect-

ed by art, and which receives its name from its sup-

posed extent. The descent is accomplished with much
difficulty for 420 feet, and introduces the spectator to

two or three lofty caverns, beautifully enamelled with
spar. " Penetrating still farther," Sir Hichard says,

" we forced our way with infinite struggles, through a

narrow space between two rocks, and thence getting on
our hands and knees, were, for the full distance of a
mile, obliged to ciawl without ever daring to lift up
our heads, the passage being both low and craggy ; and
as it was likewise filled with mud, dirt, and a multitude

of bits of rock, our progress was painful indeed ; we
still, however, hoped for something better. On we
accordingly proceeded, till a dreadful noise rumbling
along the horrible crevices of the cave, gave us to un-
derstand we were near a river. To this then we hur-

ried ; but description is inadequate to any thing like a

representation of the scene ; a vast ocean seemed roar-

ing in upon us ; in some places bursting with incon-

ceivable impetuosity ; and at others falling through
dreadful chasms, burst into shaggy forms to give it

vent." It appears that this subterraneous stream is

deep, and has a long course ; but whether it is absorbed
in the earth, or finds a passage to the surface, is not
explained. After having underwent many dangers
and difficulties, not unattended with personal injury,

the author concludes his narrative in these words :

" Altogether the depth we had descended was^about

that the miner* themselves vrere Avene to further trial." Cfot**

Possibly tlie number and size of British grottos and ca- —'V"-*'

verns, exceed those within the same bounds of any

other country with which we are acquainteil ; nor are

we aware that any spacious recess, (willi the excep-

tion of the cave in Kentucky,) opening directly from

the earth, h.is been |>enetrat(!d 2250 feet, a» the De-
vil's Cave of Derbyshire.

In the limestone country of Virginia in North Ame- MtA\ien'$

rica, are several caverns of some extent, among whi^h
""*"

the most celebrjted is Madison's cave on the north side

of the Blue Ridge. Its entrance is about two-third*
high in a moderately elevated hill, into which it ex-
tends about 300 feet, branching out into subordinate ca-
verns, sometimes ascending a little but more generally
descending, and at length terminates at different places
in two basons of water of unknown dimensions, that
are never turbid. The vault of this cave is of solid

limestone, from 20 to 4(i or 50 feet high, through which
water perpetually percolates; and trickling down its

sides, has incrusted them with elegant drapery, or
dripping from the top, generates conical stalactites ,

both above and below.
Aribtlier cave, about 8 or 9 miles long, and with many ^^\^'

branches, has lately l)een discovered in Kentucky It Kentucky,
is covered with stalactites ; and a very remarkable
mummy was found within it at a considerable distance

from its mouth. See Kentucky, where we propose to

give a full account of this interesting cavern.

Besides those curious excavations on the western Grotto* In

coast of the Indian peninsula, .some interesting caverns 'ndia,

occur in that great range of mountains, which, traver-

sing Cochin China, penetrates the neighbouring coun-
tries. The inhabit.nnts retreat thither, or conceal their

effects in them during the time of war, and they are

also kept concealed to avoid the expensive visits of the
great men of the country. A naturalist, tiie late his-

torian of these regions affirms, would here find ample
scope for observation : the caverns are full of petrifac-

tions and crystallizations of various colours : immense
halls are formed, wherein may be seen the resemblance

of altars or thrones ; and quantities of fruits appear

ready to drop from their trees. One most remarkable

grotto traverses a mountain tliroughout: its entrance

and its exit being terminated by two fertile plains.

The bottom is covered with water, which may be navi-

gated by vessels ; and the roof, which is very lofty iu

some places, decreases elsewhere to 8 or 10 feet. There
is another in the same chain of mountains of vast ex-

tent, but abounding in deleterious exhalations ; and the

water of a canal covering its bottom, is dangerous to

be drank. No one has hitherto ventured to explore

its most distant extremities.

In various parts of Italy, we find several famous Grottos in

grottos, though less celebrated for their extent than ''•')'•

trom some other peculiarities; and although known by
the name of grottos, no crystallizations are seen in some
of them. In Naples there is a spacious cavity, called

Grotto dei Funaioli, or the Rope Makers Grotto, because

its entrance has long been devoted to this useful pur-

pose. The roof exhibits a rent, said to be the effects of

lightning, and in other respects presents a menacing

but imposing aspect, though the inhabitints carry on ,
their operations in the most perfect confidence.

The grotto of Pausilippo near Naples, is a great ex-

l-l-O fathoms, or 980 feet, and the length about three cavation, partly artificial, penetrating the mountain of

milts, according, to the miners calculation. Neither at that name 2316 feet. It is 89 feet high in the mot^t

thia dist.iuce were we at the end ; a passage still con- lofty part, ii4 where lowest, and about S2 in lireailth,

tinued ; but so filled with water, and so full of perD, traversing volcanic tufa. The date of itB formation i»

VOL. X. 1>ART 11. 3 X
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unknown ; but in modern times, Don John of Arragon,

Viceroy of Naples.and Peter ofToledo, under Charles V.

brought it to its present state, and now it serves for

an ordinary, though disagreeable road from the city,

with a glimmering light from two apertures above.

In the side of a hill, beside the lake Agnano, in Italy,

tliere is an artificial excavation, unskilfully executed,

called the Grollo del Cane. It is of limited ilimensions,

being only twelve feet deep, four broad, and nine in

height at the entrance, but always decreasing as it re-

cedes. The celebrity of this grotto, which has long

been known, is owing to pestilential exhalations arising

from the earth ; and it receives its name from the ani-

mal which is usually selected to demonstrate their pre-

sence. If a dog be brought within the sphere of the de-

leterious vapour, which remains within eighteen inches

of the surface, its respiration immediately becomes af-

fected—the abdomen contracts—the eyes are fixed

—

and the tongue, now of a livid hue, hangs out during

the first minute, while, in the next, the animal is to-

tally deprived of motion. Death would inevitably fol-

low, but, on being ppeedily withdrawn, the lungs re-

sume their play, and the creature gradually recovers its

wonted strength and vigour; nevertheless a severe

shock is sustained, as the same dog cannot support the

experiment above twelve or fifteen times without de-

struction ; in which event it dies in convulsions. The
Abbe Nollet, on stooping to inhale the vapour, felt as

if he had swallowed boiling water on the first inspira-

tion, yet producing no painful sensations. On lowering

his face, a kind of suffocation was experienced ; and

probably, had the experiment been continued longer,

dangerous consequences would have ensued. Tlie va-

pour is whitish, and possesses some degree of heat: It

never rises above eighteen inches from the earth; and

a torch immersed in it is extinguished, while the black

smoke rolls over its surface without penetrating deeper.

See Macleay, Descriplion of the Spar. Cave in Skye.

Catcott, Account of a Descent into Pcnpark Hole.

Lloyd's Account (if Elden Hole, Phil. Trans, vol.

Ixi. Leigh's History of Lancashite. Pilkington's Virrv

of Derltt/shire. Farcy's Survey of Derbyshire. Rud-
der's History ofGlouceUershire. Hamilton, Canipi Phla-
grei. Voyage Pilloresgved'Italie, torn. ii. Decouvertes

des Savons Foyageurs, torn. i. p. 133. (c)

GROUSE. See Ornithology Index.

GRUYERES, is the name of a small town of Swit-
zerland, in the canton of Friburg. It is situated at the
foot of the mountains of this canton. The territory of
Gruyeres, is 8 or 10 leagues long and 4 broad ; and it

is principally celebrated for the excellence of its cheese,

which is esteemed the best in Switzerland. The best
is made in the pastures of Molesson, and in the moun-
tains of the vallies of Bellegarde and Charmey. It sells

at 2^ louis per quintal ; and the merchants of the coun-
try Bell it at 6 batz, or 1 8 French sous per pound. There
are large magazines of this cheese at BuUe, a town about
a league from Gruyeres. The view from the summit
of the Mollesson, which is near the town, is very grand.
It may be ascended in three or four hours.

GRYLLUS. See Entomology.
GUADALAXARA, an intendancy of New Spain,

and part of the kingdom of New Gallicia, is situated
between 19" and 23° North I,atitude. Its greatest
breadth, from the port of San Bias to the town of La-
gos, is 100 leagues ; and its greatest length from south
to north 118 leagues. It is traversed from east to west
by the Rio de Santiago, a considerable river, which
communicates with the lake of Chapala. It contains
two cities, six villas, and 322 villages. The principal

city Gaadalaxara, the residence of the intendant, the bi-

shop, and the high court ofjustice, is situated on the left

bank ofthe Rio de Santiago, and contains about '20,000

inhabitants. San Bias, a sea port, and the residence

of the marine department, is situated at the mouth of
the Santiago, and is a very unhealthy place. The east-

ern part of the province is the Table Land, and western
declivity of the Cordilleras of Anahuac. The mari-
time district, especially towards the great bay of Bay-
onue, is covered with forests, and supplies excellent

timber for ship-building. The interior of the country
enjoys a temperate and salubrious climate. The Vol-
can de Colima, in the northern extremity pf the pro-
vince, is the most western of the volcanoes of New
Spain, whicli are placed in one parallel on the same
line. It is estimated to be 10,000 feet in height, but
is rarely covered with snow. The lake of Chapala, in

the vicinity of Guadalaxara, is nearly 160 square
leagues in extent. The superficial extent of the pro-
vince is 9512 square leagues; and the population in

1803 was 030,500, which gives 6"6 inhabitants to the
square league. The value of its agricultural pro-
duce in 1S02, consisting in maize, wheat, cochineal,

&c. amounted to £ 56S,5S 1 sterling ; and the value
of its manufacturing industry, composed cliiefiy of
woollen and cotton stuffs, tanned hides, and soap, was
estimated at «£ 722,351. The revenues of the bishop
are 90,000 double piastres. This province abounds in

silver mines, and affords excellent pastures. On tJie

coast, in 21" 28' North Latitude, arc the three Marias
islands, the most nortliern of wliich is about 1 3 miles
in length, and 9 in breadth, surrounded by white rocky
cliffs ; and another, about 2t miles in circuit, separated

from tlie last by a strait six miles broad, and which
Dampean called Prince George's island, abouiuls in ve-

getable productions, but is deficient in fresh water.

See Humboldt's Political Esmy on the Kingdom of
New Spain, vol. ii. and Moil. Univ. Hist. vol. xxxix. (q)
GUADALOUPE, the largest and one of the most

valuable of the Caribbee islands, lies between Antigua
and Martinique. Its length is between 60 and 70 Bri-

tish miles, and its greatest breadth about 25. The
middle of the island is situated in about l6° 20' North
Latitude, and 62° West Longitude. Guadaloupe has

somewhat of the form of a crescent, and may be consi-

dered rather as consisting of two islands than of one

;

for it is divided into two parts by a narrow strait called

Salt River. For a short distance on each side of this

strait, the breadth of the island is not more than four

miles. By this remarkable channel, the sea on the

north-west communicates witli the sea on the south-

east. Its breadth varies from about thirty to eighty

yards ; and it is navigable for vessels not exceeding
fifty tons burden. The north-west of the island is di-

vided into Basseterre and Cabesterre; the eastern divi*

sion of it is named Grandeterre. That portion of the

island from which the whole takes its name, is, towards

the middle, full of high and rugged rocks, where the
climate is so cold, and the soil so barren, that little ve«

getation is to be seen. Over the summit of these rocks,

the mountain called La Souffriere, or the brimstone
mountain, rises to a great height. This mountain of
sulphur continually sends forth, through various aper-
tures, a thick black smoke, frequently mingled with
sparks of fire. It is of a singular form, being divided
into two parts by a remarkable channel, navigable by
boats. There are many marks of volcanoes in other
parts of the island. On a part of the western shore,

the sea is so hot at a small distance from the beach, as

to boil eggs ; and the sand on being stirred, emits a

Guada* i i
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strong sulphureous oflour. The island contahis a boil-

iiiff tbimtnin, and a hot marsh, which is very deceitful,

and danji;erou8 to strangers. The islands, of which
Ciiiadaluu)>e is the chief, were discovered by Columbus
in his second voyage, when he visited Dominica, CJua-

daloupe, and Antigua. But they were at that time ne-

glected by the Spaniards in their eager lust of domi-
nion and gold on the larger islands, and on the Ame-
rican continent, the unexjilored treasures of which were
then opening to their ambition.

No European nation had taken possession of Guada-
loupCjWhcn an expedition of five or six hundred French-
men, under two adventurous leader.", arrived from Di-
eppe in June 1635. The new settlei-s soon commenced
a war with the native Caribs, for the purpose of supply-
ing themselves with pro\isions, of whicli their own ex-

ertions could not yet protluce asufficientquantity for their

subsistence. Many of tliese poor, simple and undiscipli-

ned people, unable to maintain a regular struggle with
their more skilful invaders, retired to some of the other

islands. Others of them conceale<l themselves in the

natural strongholds and recesses of their own. and hav-
ing previously destroyed their plantations and stores,

their superior knowltnlge of the country enablc.l them
to sally out unexpectedly, and to inflict vengeance on
such straggling parties of their oppressors as fell in their

way. After a struggle, which was kept up with vari-

ous success, and which at length produced a terrible fa-

mine, a peace was patched up between the contending
parties in 161-0; and the renuiant of Europeans, who
had escaped the calamities which they had drawn on
themselves, were joined by some discontented sailors

and colonists from St Christophers. The superior ad-

vantages of Martinique as a sea-port, induced man)' ad-

venturers to leave Guadaloupe, and pass over to that

island ; and from this time the Frerch administration

bestowed for some years almost exclusive attention on
the latter, which became the seat of government of the

French islands. For the first sixty years of its occupa-

tion by the French, Guadaloupe made little progi-ess
;

but in the course of the ensuing fifty-five, its improve-

ment was as rapid as it had formerly been slow. In

April iT/fO, the island was conquered by the English.

In July 1763, it was restored to its former owners in a

highly improved condition. The French government
now began to see the value of this settlement, and an
independent government was given to it. The island

was taken by the British in April 179+, but was retaken

by the French under Victor Hughes in February 1795.

Early in 1810, an English expedition, the naval part

of which was conductetl by vice-admiral Sir A. Coch-

rane, and the military force by lieutenant-general Sir

G. Beckwith, prepared with the design of attacking

Guadaloupe and St Eustatius, was ready to commence
operations. It was completely successful ; and thus the

enemy were deprived of the last of their possessions in

the Columbian islands.

Guadaloupe continued under the power of the Bri-

tish crown till 1 8 1 .S, when in a treaty dated March 3d,

between his Britannic Majesty and the King of Sweden,
it is agreed, that this valuable colony should be ceded

to the latter, in consideration of an engagement on his

part to furnish a force of 30,000 men, in aid of the al-

lied powers against France. Swedish commissioners

were accordingly sent, to make arrangements for ta-

king possession of the island ; but in conscqutnce of

certain political causes not yet fully explained, it was
restored to its old possessors the French, at the restora-

tion of Louis XVIII. in terms of the general treaty of
peace, signed May 30th 1814, On the return of Bo-
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naparte from Elba in 1815, General Boyer, the j^ovcr. Onad*.

nor, hoisted the three-coloured flag. After the second ^fof-
restoration of the Dourbons, he was cundenme<I to .."•^'"^

death, but the sentence has been commuted into
""'''

twenty years imprisonment. The sum of one mil-
lion sterling was the compensation given to Sweden,
for our non-fulfilment of the stipulation by which it

was to be deli\ cred into her hands. The general aston-
ishment and indignation of the people of (ireat Britain
and Ireland, on fiiiding, that by one of the articles in
the treaty with Louis, the slave trade was to be permit-
ted to be carried on by the French for five years, in
this island and Martinique, which British generosity
had restored, are not easily described. Petitions pour-
ed in upon both Houses of Parliament, and addresses to
the Prince Regent from every part of the united king,
dom. In consequence of these petitions, Lord Castle-

reagh, the British negociator, was employing all his

influence and skill in order to undo what he had
done, and to induce the government of Louis to re-

ceive these is'ands under the express condition, that

the odious traffic should instantly he definitively and
for ever abolished by France The consideration of
this subject was taken up by the congress assembled at

Vienna. But there appeare<l every reason to believe,

that our lunevolent endeavours would have failed of
success, when the irruption of the exiled usurper into

France once more transferred this island to the sove-

reignty of Napoleon Bonaparte. By a stroke of policy,
intended at once to show his power, and to comiliate
the people of England, he issued a decree as soon as he
felt himself replaced on his trembling throne, by which
he declared the slave trade to be abolished in the French
islands. In doing so indeed, he made no kind of allu-

sion as to the immorality and wickedness of the traffic

with Africa. Besides, he knew that while the war
should continue, and England ride triumphant on th^
sea, be could carry on little foreign trade of any kind,

and that these islands would probably fall speedily into

our bands; so that the sacrifice he appeared to make of
interest to duty, was in fact only a nominal one, and
as his decree was expressed just as coldly as if lie had
been prohibiting the importation of flax or grain, he
could easily, he well knew, and without any appearance
of gross inconsistency, by another of his imperial de-

crees, restore the trade, on the ground of alleged expe-
diency, whenever he might be able to derive any ad-

vantage from the renewal. This decree of Bonaparte,
however, though no one could be deceived as to its mo-
tive, had a happy effect on the great cause ; for when
Louis was a second time restored to his throne in sum-
mer 1815, and when these islands, once more in the

power of England, were to be delivered up to France,

the example of Bonaparte himself could be quoted, to

shame the new government into accordanc-e with our
wishes. Indeed England had now the means and the

right to enforce compliance with her request. Accord-
ingly Louis, soon after his return, b)' a royal decree,

declared tlie French slave trade to be definitively and
absolutely abolished.

The unsettled state ofthis island, may probably have Commercf.

prevented any very accurate estimate either of its trade

or population since the French revolution. In the year

17(K), the popidation amounted only to al)out 382 indi-

genous inhabitantj or Caribs ; 325 free negroes ; and
67'25 slaves.

In 1755, there were
Whites gets
Slaves 41,140
Sugar houses 834
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Banana trees 2,028,520

Ditches of manioc . . • 32,577,950

Horses 4.9+6

•Mules 2924

Asses 125

Beeves 13,916

Sheep and goats . . . . 11,162

Swine 2444

In 1767, France received from Guadaloupe,

Fine sugar 140,418 quintals.

Raw sugar 23,603

Coffee 34,205

Cotton 11,955

Cacao 456

Ginger 1884

Campeachy wood ... 2529
Confections 24 boxes.

Liqueurs 165 boxes.

Potassia 34 casks.

Skins 1202 No.

These articles were sold in the colony for 7,103,838

livres, while the articles imported from France cost

4,523,884 livres, leaving a balance in favour of the co-

tony of S",579,954 livres.

In 1767, Guadaloupe contained

Whites 12,700

Blacks, or free Negroes . . . 1350
Slaves 100,000

Horses and mules .... 9220
Horned cattle 15,740

Sheep, swine, and goats, . . 25,400

It possessed at the same time.

Feet of cacao 449,622

Feet of cotton .... 11,974,046

Feet of coffee 18,799,680

Sugar houses .... 388

In the year 1775, eighty-one vessels returned to

France loaded with the Ibllowing produce

:

Value in Europe.

Raw sugar 188,384 quintals.

Coffee . . 63,029

Gqmb

7,137,930 livres.

2,993,860

1,222,5^9

71,651

1,298,437
6973

Indigo . 1438
Cacao . . 1023
Cotton . 5193
Skins . . 727

and some other articles of minor importance.

The value of the imports and exports, was in

IiTiports. Exports.

1767 livres 4,523,884 7,103,838
1788 5,362,000 15,053,000

Several of the productions of Guadaloupe were for-

merly sent to Martinique j and America received some
of its liqueurs, and other commodities, and sent in re-

turp, wood, cattle, flour, and cod fish.

In 1789, the population of all descriptions was about
104,000. The island is well stored with homed cattle,

sheep, horses, &c. and produces a vast abundance of
sugar, coffee, rum, ginger, cocoa, logwood, &c.
GUIACUM. See Chemistky, voh vi. p. 124, Sect,

xxiv.

GUAM, or GuAHON as it is called by the natives,
is an island in the eastern seas, foi-ming one of the
group denominated Ladrones, or Marianne islands.
According to the compuUtion of the Spaniards, it is

about 120 miles in circuit, apparently flat and even
from a distance, but the east coast, on nearer approach, is

found to be high and shelving, fenced with steep rocks
which oppose the perpetual beating of the sea. Here
there is no anchorage ; but the west side is divided in-

Produe.
|

tions.

to small low and sandy bays, one of which, called Uma-
ta, constitutes a good harbour for a few vessels, and is

defended by a battery of twenty guns. The surface of

the island gradually rises from the shore to nearly the

middle. The rocks are chiefly granitic ; and the centre

of the pebbles, found on the beach, contains various co-

loured crystals. Several vallies are interposed between

the shore and the inland parts, where vegetation be-

comes profuse. They appear to have been the bed of

so many currents ; and their soil consists of sandy earth,

mixed with decaying madrepores, from which the sea

seems to have withdrawn. The interior, however, is of

extreme fertility, abounding with all that can be desired

for the use of man. Numerous fountains spring from

the rocks, and in their course form transparent pools,

shaded by trees, always preserving an agreeable fresh-

ness amidst the heats of the climate. But there are no

rivers of importance ; the other waters being either tor-

rents from among the hills, or inlets of the sea.

No portion of the globe is more copiously supplied

with vegetables than Guam ; and here our celebrated

circumnavigator Dampier first discovered the bread-

fruit, an invaluable plant, which affords subsistence to

so many thousand islanders of the South Pacific Ocean.

The forests are full of guavas, bananas, cocoas, oranges,

and limes. Capers are produced in abundance from a

shrub, indigenous to the soil, of beautiful appearance,

flourishing throughout the year, and exhaling a delight-

ful odour. From hence it has been transplanted to the

Philippine islands. Two species of banana are thought

peculiar to Guam; one of dwarfish size, only three feet

in height, but producing a fruit so much superior to all

the rest, that its cultivation has been recommended in

the European tropical colonies ; the other is the wild

banana, a large tree, the fruit of which is not eatable.

Of the cocoa tree there are three kinds : Jirst, the com-

mon species, disseminated throughout India, bearing a

nut, which is a great article of subsistence ; secondly, a

middle-sized tree, which is lower, the nut having a ten-

der shell and a kernel tasting like an artichoke bot-

tom ; Ihinllif, the black cocoa tree, rising at most to

eight or ten feet in height, with a nut perfectly round,

about three inches in diameter, and very delicate. This

last affords oil more abundantly than the others, as also

coir for cordage, and the leaves of all the three are

equally suitable for thatching huts, and making mats.

Fish is plentiful on the shores of the island, though Anima

frequently of a poisonous quality, originating, it has

been conjectured, either from their feeding on the poly-

pi of madrepores and coral, or other marine animals.

It is affirmed, that the very taste of the coral is impart-

ed to them. Turtle are large and numerous ; besides

which the streams of Guam afford abundance of aqua-
\

tic tribes peculiar to themselves. But the facility witli !

which subsistence of a different description is obtained, ;

renders that which may be derived from the waters

quite of secondary consideration, and it is little sought

after.

It has never been explained, what are the birds and

quadrupeds which are indigenous to the island. A few

cattle, that were carried thither long ago, have multi-

plied exceedingly, and run wild in the uninhabited

districts. They are large, and well fed, and exhibit

one remarkable feature common to those resuming their

original state, in almost all being white, with black

ears. It is known, that in Great Britain the few which

remain unmixed from distant ages, and have preserved

their pristine ferocity, retain along with it the same

peculiarity, which is of much interest to the zoologist..

Some years ago, the Spaniards transported a large spe-

1
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GUAM.
cies of deer from the Philippines to Guam, which un-
derjfocs so great a change along with the season as
scarcely to be recognizable as the same nninml. From
December to May, its winter coat is long, thick, and of
a grey colour ; but from the month of May, the hair is

brown, or almost yellow, smooth, and shining, having
three black streaks on the back, interspersed with
white. It multiplies in the woods, which are also
well stocked with wild hogs.

Danipier describes the natives of this island as " strong
bodied, large limbed, and well shaped; They are coj»-

per coloured like other Indi:uis ; their hair is black and
long ; their eyes meanly proportioned ; they ha%'e pretty
high noses ; their lips are pretty full ; and their teeth
indifferent white. They are long visaged, and stern of
countenance; yet we found them to be affable and
courteous." These people have a great tendency to
corpulency, and are very subject to leprosy, or a kind
of cutaneous disease, especially in the wet season, or
between June and October. They are particularly cha-
racterized by mildness and hospitality, which have ena-
bled their invaders to make deeper encroachments on
their liberty, than if they had displayed a more repul-
sive disposition. Tliey are indolent, prone to intoxica-

tion, and fond of music, dancing, and cock-fighting.

The Spaniards have rendered them acquainted with
agriculture ; and, to facilitate their labours, they tame
the wild cattle, which are trainetl to carry loads
throughout the island. Several are kept for this pur-
pose by most families, becoming perfectly tractable, and
as quiet as horses. They are guided by a halter pene-
trating the septum of the nose, to which they grow ac-

customed in a fortnight. \o part of the industry of the
natives of Guam appears to have existed anterior to

their conquest ; they have either been explicitly taught,

or acquired what they practise from example. Some of
the mechanical arts are practised by them in carpentry,

smith work, brick-making ; and they fabricate cloth,

cordage, and even cables, for the Acapulco galleons

from the wild banana, which are reputed of superior

strength to those manufactured of the best European
hemp. But there is one branch of the arts in which
they have remained stationary since the discovery of

their island, namely, the construction of their canoes

;

and this has arisen less from want of skill to make the

alteration, than from their having already adoptetl the

best possible form of which their local situation admit-

ted. Celebrated navigators have repeatedly expressed

their admiration of these vessels, which are equally cal-

culated to keep the sea, and to take advantage of the

prevalent winds. Some of their canoes are forty feet

long, hollowed out of the trunk of a single tree, and
very narrow. A piece two inches deep is sewed on as

a washing board to raise it higher ; " but, what is very

singular, one side of the boat is made perpendicular like

a wall, while the other side is round, and made just as

other vessels are with a pretty full belly." The ends

are sharp; each serves for a prow ; and the neighbour-

ing islands frequented by the natives lying chiefly

north and south, and the wind being almost constantly

east, the rounded side is found on the lee. But there

is, besides, an outrigger projecting from the side, ne-

cessary to steady so narrow a vessel, and at the extre-

mity is a log of wood, in shape resembling another ca-

noe, though much smaller. A single mast stands in

the middle, with a triangular sail, which, when taken

in, is rolled around a yard at the bottom. No canoes

are better adapted for sailing. A French navigator as-

sures us, that, with a fair wind, they go at the rate of

nine miles an hour, a distance said to be augmented to

.'333

fifteen under the mo.it favourable circumsUnces. Dam- <ituoi.

pier observes, " I did here, for my own satisfaction, try '^'Y*"
the swiftness of one of them. .Sailing by our log, we
had 12 knots on our reel, and she run it all out before
the half minute glass was half out, which, if it had been
no more, is after the rate of 12 miles an hour; but I do
believe she would have nm 2 i miles an hour." He
was told of one of them having been sent express to
Manilla, and performing the voyage, which is about 400
leagues, in the space of four days. However it is un-
dersto(xl, that, although the be>.t sailers known, the ca-
noes of Guam are not safe at sea ; but should an acci-
dent happen, the natives are so expert at swimming,
they are capable of repairing it in the water. The com-
panions of M. Marion observe, that "the form of these
embarcations is such, as would do honour to a ship-
builder among people who have made the greatest pro-
gress in the knowledge of navigation. This form has
been imitated from no mo<lel, because it differs from all

those which men inhabiting different parts ofthe world
have given to their vessels."

The inhabitants of Guam are dispersed in twenty-
one native establishments, chiefly on the coast, and the
town of Agana, situated about twelve miles north-east
of the harbour. All the Indian families arc agricul-
tural, and each has a small portion of land subdivided
into fields or gardens ; but the interior of the island is

still in a state of nature, covered with thick woods, af-

fording excellent timber for the construction of houses
or vessels. The town stands on the shore, at the base
of some hills of moderate elevation, in a fine district

full of springs, and watered by a small rivulet. Its Town of

streets are laid out in a straight line; and the houses, Agana,

built for the most part of wood, stand on posts about
three feet above the ground, and are roofed with tiles

or palm leaves. But all the public edifices are con-
structed of brick. There is a fine church here decora-
ted after the Spanish fashion ; and two or three con-
vents or colleges occupied by monks, one of which was
established for tlie education of Indians. The religious

establishment of Guam was formerly vested in the
Jesuits, who, on the suppression of their order, were
supplanted by the Augustines ; and besides Agana,
there are two or three other cures in different parts of
the island. The government house is spacious. There
is a royal m<igazine tolerably well stored, and barracks
for 500 men. This being the only Spanish colony in
the Ladrones, was preserved with consi<lerable care

;

however, its chief and most important improvements
were derived from the governor Tobias, who was at its

head about forty years ago. He taught the natives the

proper means of cultivating the land ; he planted rice,

maize, indigo, sugar canes, and cotton, all of which suc-

ceeded admirably, and the maize in particular produ-
ced an incredible return. To give them a proper ex-

ample, this paternal governor formed gardens and plan-

tations, where all necessary vegetables were cultivated,

along w.ith the most delicious fruits. He established

a kind of cotton manufacture, and caused salt pits to be
dug. Further, he instituted a school for the gratuitous

education of the native children of both sexes, where
they were instructed in reading, writing, and arithme-

tic, as also vocal and instrumental music ; whence stran-

gers have been agreeably surprized, in finding practised

musicians assisting tlie celebration of divine worship

in a place so remote from the civilized world. Find-

ing it necessary to provide the islimd with a sufficient

force to protect itself', he formed a militia of 200 In-

dians, among whom were four .Spanish captains, while

the remainder of the officers were chiefly Mestees, or
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Cuani. the mixed race of Spaniards and natives from the Phi-

^""V"^ lippines. But to preserve these troops from the hazard

of idleness, and to procure them ample subsistence,

they were occupied in cultivating a tract called the Roy-

al Domain, separate from all other property. By such

humane and prudent measures, while the natives are

reclaimed to habits of industry, their principles and

morals, aided by an innate placid disposition, undergo

an absolute alteration ; yet this patriotic individual was

afterwards persecuted by the clergy of Manilla.

History. The history of Guam is marked by some singular

and interesting features. It was discovered in the year

1521, by Magellan, who ascertained that it belonged to

a cluster of nine principal isliind,-=, and a number of

smaller islets, which he first calied De Veins, from the

sails of the canoes, but afterwards Lndiones, from the

propensity of the natives to theft. Guam appeared to

enjoy a delightful climate ; it was covered with fruits,

and afforded the means of supporting a colony ; there-

fore the Spaniards having alrea<ly established them-

selves in the Eastern Seas, resolved upon making a set-

tlement here. The inhabitants were a wild and savage

race ; but equally savage with themselves, the Euro-

peans, in usurping their territories, carried fire and
sword along with them. In violating the religion of

their fathers, they endeavoured to inculcate the prin-

ciples of Christianity ; but instead of adhering to its

mild and benevolent doctrines, they practised the most
horrible cruelties to enforce belief. While their rude

o])ponents might have been gained by conciliation, a

war of extermination was imrelentingly prosecuted, be-

cause their demands, alike ungenerous and unjust, were
resisted. At this early period, the nine islands of the

group were calculated to contjiin 60,000 inhabitants, of

whom 20,000 belonged to Guam. But they graduall)'

fell under the barbarity of their invaders, too well skilled

in warfare. After a long interval of suffering, a measure
was at length adopted by the natives, which is scarcely

to be paralleled in history : They resolved to allow their

race to be extinguished in themselves, that posterity

might not l>e able in their misery to reproach tliem with
existence. Thus the women drank deleterious potions
to procure abortion at the moment, and to prevent their

having any future offspring ; and this outrage against
nature was so obstinately persisted in, that about 60
years ago, the total population of the group had de-
creased to 800 or 900 persons. The Spaniards, how-
ever, had awakened from their error, and learning the
benefit of conciliation, found means to collect the whole
in the island of Guam. There it continued to augment
during twenty years, to about 1 500, since which time
we have no further accounts of it ; but most probably it

is much more considerable, or part may have colonized
the neighbouring islands. During these convulsions
tlie invaders did not escape with impunity, and on one
occasion when the natives ro.se upon them, all the mis-
sionaries were massacred ; but on another, when their
numbers were small, they proved unsuccessful, and all

except 1 00 evacuated the island, leaving the Spaniards
in peaceable possession of it. Afterwards they became
accustomed to the yoke, and a quiet, peaceable, and in

seem disposed to make conquests of other territories

;

but whether they disturb the European colonies is not

explained. In concluding these observations, we may
cite the words of a French navigator, who made a hort

residence in Guam, which will satisfactorily illustrate

its properties. " In traversin;>- this island, we discover-

ed how lavish nature has been of ])icturesque and agree-

able places. Enchanting spots were met wilh in our
excursions, where she had bestowed every thing, and
where the hand of man had made no arrangements.

Ennui was banished : here all was united for the enjoy,

ment of solitude : verdure, shade, coolness, and the per-

fume of flowers : crystalline fountains were seen .spring-

ing from the rocks : the song of innumerable birds was
heard : and groves appeared of cocoas, bread-fruit,

oranges, citrons, and an infinity of fruits intersper-

sed among the foliage of trees, all cidtivated by the
operation of nature alone. Here, too, they presented a
pleasing disorder, which art has never been able to imi-

tate. I could not quit tliis delightful al)ode without
regret, where life might be passed in satisfaction."

It seems doubtful whether the actual position of
Guam is completely ascertained. Dampier, after a very
long run, lays it down in Latitude 13° CI' North, Lon-
gitude 125° ir West: later navigators place it in 13*

25' North Latitude, and 155° 10' East Longitude ; and
La Perouse, probably from observation, fixes the har-

bour of Umata in 13° 10' North Latitude, (c)

GUAMANCA, Guamanca, or Huamanoa, is the

name of a city and province in Peru. The city was
originally founded by Pizarro in 1 539, as a middle sta-

tion for the trade between Lima and Cusco. It was
built at first on the site of an Indian village of the same
name; but, in memory of a victory gained o\'er the
Ynca, was called by the Spaniards San Juan de la Vit-

toria. It was situated in the vicinity of the Andes, in

a barren district; but, after the subjugation of the Pe-
ru vi.ms, was removed to its present .site, in 13° South
Lat. in a more fertile ten-itory, about sixty leagues

east-south-east from Lima. It stands u])on the decli-

vity of a mountainous ridge, not remarkable for its

lieight ; but still so far above the rivers, as to be scanti-

ly supplied with water. About twenty noble families

reside in the centre of the town, in spacious houses of

a considerable height, built partly of stone, and covered
with tiles, and surrounded with extensive gardens. It is

skirted with suburbs of Indian habitations, which are

chiefly built of stone, and, though low in the walls, as

is generally the case in the inland towns of South Ame-
rica, yet add considerably to the appearance of the city.

It contains a splendid cathedral, and a seminary for the

service of the church, under the title of St Christopher

;

a university, with professors of philosophy, divinity,

and law, and endowed with privileges equal to that of
Lima ; and also several chapels and convents, a hospi-

tal, and a college of Jesuits. It is governed by a cor-

regidor, assisted by the principal nobility, who form a
corporate body, out of which are chosen the alcaldes,

to superintend the several departments of the police of
the city, and the jurisdiction of the province.

The province or diocese lying eastward of Lima, is

GtUUI;

offensive race has now sprung up to promote instead of of very cons derable extent, and is divided into the fol-
resist the objects of the settlers.

~
' '

'

Guam is of importance as a Spanish establishment,
from Its position an<l great fertility : the galleons from
Acapulco to Manilla, so much the object of capture to
liostile nations, were wont to put in here for refresh-
ments besides which, a vessel came annually from the
Philippines. It is said that the natives of the neigh-
bouring islands have become more warlike of late, and

lowing di.'-triets :—Guamanga, which contains the ca-

pital of the province, is very fertile and jiopulous. Its

climate is temperate, and it abounds in various kinds of
grain, fruit, and cattle. It contains several mines, but
few of them are worked ; and its agricultural wealth
is fortunately the principal object of attention to the
inhabitants. A principal part of its commerce consist*

in bend leather, for the soles of shoes ; and great quan-
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. titles also of conserves and sweetmeats are prepared for
' ex|)ort.ition.—Guanta, about four leagues north-west of

, tlie city of Guainonga, and about thirty leagues in

length, is likewise a temperate and fruitful district. It

is diversifieil by numerous heights, woodlands, and
broken glens rich in fruits- and pastures. Its silver

mines, which were formerly very rich, are now almost

exhausted ; but there are still many of lead ; and this

metal, together witli salt and provisions, are its princi-

pal arlieles of trade.—Vilcas Guaman, about seven
leagues south-east of Guamanga, is celebrated for its

esculent vegetables and fine pastures, and breeds vast

quantities of cattle. The natives are employed in va-

rious manufactin-es, particularly woollen stuffs, which
are carried to Cusco and other provinces. There is

still remaining in this district one of the old Indian
fortifications.—Andiiguaylas, to the south of Guamanga,
extends about twenty miles eastward, between two
branches of the Cordillera, and is watered by a number
of small rivers descending from the hills. This exten-
sive valley produces all kinds of fruit and grain, par-

ticularly maize and sugar cane. It is one of the most
populous districts in the country ; and in it many of
the wealthier inhabitants of Guamanga have large su-

gar plantations.—Guanca V'elica, or Huanca-Belica,
commencing about thirty leagues north of Guamanga,
is a bleak, hilly, and barren district. It produces little

fruit or grain, and its inhabitants are supplied with pro-

visions from the neighbouring countries. It is chiefly

celebrated for an immense and apparently inexhaustible

mine of quicksilver, to the working of which the inha-

bitants owe tiieir chief subsistence. In the mountains
are many shells and marine substances ; and in a river

near the principal town such large petrifactions are

formed, that they are frequently used in building houses
and other works.—Angares, about twenty leagues west-

north-west from Guamanga, and about twenty leagues

in extent, is tolerably temperate and fruitful, and yields

vast herds of all kinds of cattle.—Castro V'irreyna, south-

west of Guamanga, is of very various temperature, but
in its bleakest parts its greatest wealth is found. This
consists in the wool of a species of sheep called Vicun-
na, which had been imnrcvidently hunted down for the

sake of its fleece, and \vi;l'jh is now to be found only in

the coldest heathy spots.—Parina-Cocha, about twenty
leagues south of Guamanga, is fertile in grain, and rich

in pastures ; and its mountains contain several mines of
gold and silver, which yield these metals in great abun-
dance, and supply its principal article of commerce.

—

Lucanas, about thirty leagues south-south-west of Gua-
manga, is of a cold temperature, but its vegetable pro-

ductions are abundant, and its herds of cattle numerous.
It abounds in rich mines of silver, and is the centre of a
very considerable commerce. SeeUlloa's Voyage to South

America, vol. ii. ; and Playfair's Geography, vol. vi. (q)
GUANAXUATO, an intendancy of New Spain, lies

between the 20° 5a' and the 21° 30' North Lat and is

wholly situated on the ridge of the Cordillera of Ana-
huac. Its length, from the lake of Chapala to the north-

east of San Felipe, is fifty-two leagues, and its breadth,

from the Villa de Leon to Celaya, is thirty-one. Its

principal cities are, Guanaxuato, or as it is also called

Santa Fe de Gonnajoato, in 21° 0' 9" North Lat. built

by the Spaniards in 1554-, surrounded with mines, and
containing 70,0'00 inhabitants ; Salamanca, a neat little

town situated in a plain ; Celaya, in which are neve- Cintinriik

ral splendid buildings, and particularly a magnificent "^^/""^

church of the Carmelites ; Villa de Leon, in the midst
of a highly fruitful district; and San Miguel el Grande,
celebrated for its industrious inhabitantt, who are em-
ployed in cotton manufactures. The ])rovince, wliich
is part of the old kingdom of Mechoncan, was first cuU
tivated by the Europeans in the sixteentli century, who
expelled the Indian tribes of Imnters and shepherds,
and supplied their place with colonies of Mexican or
Aztec Indians. During a considerable period agricul-

ture made greater progress than mining, and during
the seventeenth and eighteenth centuries, most of the
mines were entirely abandoned. But, during the last

forty years, the mines of Guanaxuato liave yielded a
greater metallic produce than I'otosi, or any other mine
in the two continents ; and it is now the first mining
district in America. Of the situation and products of
its mines, a minute description is given by M. Hum-
boldt, both in the historical account of his travels, and
in his Political Essay on New Spain, vol. iii. p. 169.
One of these mines alone, that of Valentiana, which h&a
been known only for forty years, has sometimes furnish-

ed, in one year, as much silver as the whole kingdom
of Peru. This fine province also is, relatively, the most
populous in New Spain. Its superficial extent is only

911 square leagues, and it contains 5I7>SOO inhabitants,

which gives 580" to every square league. The principal

natural curiosity in this province, are the hot wells of
San Jose de Comangillas, which issue from a basaltic

opening, and of which the temperature was found to be
205".3 of Fahrenheit. See Humboldt's Political Es-
say on New Spain. ((/)

GUATIMAL.'V, one of the three audiences or king-

doms into which Mexico or New Spain was formerly

divided, lies between 7^° and 22° North Lat. extend-

ing upwards of 300 leagues along the south coast, and
in no place exceeding 160 in breadth. It is in some
parts extremely narrow, and on the north coast is deep-

ly indented by the Bay of Honduras. It has been di-

vided into thirteen provinces, according to some ac-

counts, and according to others into eight. The latter

of these is here adopted, because it biest corresponds

with the map given in this work, and also because the

limits of the thirteen departments have not hitherto

been accurately ascertained.* Veragua, the most south-

ern province, and bordering on Panama, is about fifty

leagues from west to east, and from nine to twenty-
seven in breadth. It was discovered by Columbus in

1502, and was granted to him and his posterity as a re-

ward of his services. Its coasts are low, and full of

brushwood ; but the interior parts are hilly, covered

with forests very imperfectly explored, but known to

abound in rich silver mines. Its principal river Vera-

gua is remarkable for the verdant hue of its waters

;

and from this circumstance its discoverer gave it the

name of Verdes Aquas. Its principal towns are, Con-
ception, considered as the capital of the province, a-

small place situated near a river of the same name

;

Santiago al Angel, built in 1521, but frequently de-

stroyed and restored ; Santa Fe, a small town and
bishop's see in the middle of the province ; and Pueblo

Nuevo, or New Town, situated in an unhealtliy spot at

the mouth of a river, about twenty-three leagues south-

west of Santa Fe. There are besides upwartls of thir-

• The celebrated traveller M. Humboldt has' furnished a complete description of the modern division of New Spain into Intendcn-

cies ; hut he has not touched upon the portion comprehended in Guatioula, for which be mentions that he had no data, and nhich

we can th«iefore describe only under Us ancient divisions
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•TCuBtimalf. tecn villages inhabited Uy Indians. Costa Rica, or

'""'V"^ Rich Coast, north-west of Veragua, is from fifty to sixty

leagues in length, and forty in breadth. It consists

chiefly of mountainous and woody deserts, and is thin-

ly inhabited and little cultivated. Its mines were for-

merly productive, but have been abandoned on account

of tlie difficulty of working them ; and its chief articles

of trade are hides, lioney, and wax. Its principal town
is Cartago, a small place and Bishop's see in the interior

of the province, where the governor resides. Nicaragua,

in 12° North Latitude, is about 80 leagues in length,

and 50 in breadth, running from north-west to south-

east, between Costa Rica and Honduras. It consists for

the most part of high woody mountains, in which are

some volcanoes, but no mines. There is a large lake,

200 miles in circumference, in the south-west, which

communicates with the Atlantic ocean by the river St

Juan. Its vallies are well watered, and its principal

products are timber of great size, cotton, sugar, honey,

wax, cochineal, and fruits. Its chief towns are Leon
de Nicaragua, a place of considerable trade, on the

north-west border of the lake, several leagues from the

South coast ; and Granada, a populous and trading town
on the west border of the lake, near a rugged volcanic

mountain. The eastern coast is surrounded with shoals,

and has no proper harbour. Honduras, in 15° North
Latitude, extends 180 leagues along the south border

of the gulf of that name, and from 25 to 50 from north

to south. It is well watered by many streams which
run northward into the gulf, and which, overflowing

their banks in the rainy season, render the soil extreme-

ly fertile. . Its bay, which includes a compass of 500
tniles, is of dangerous navigation ; but celebrated for

'the excellent logwood, which abounds on its flat and
marshy shores. There are several islands along the

coast of this bay ; one of which particularly. Rattan,

about 10 leagues in length, was long the resort of pi-

rates, till the British established a colony upon it, for

the protection of the trading vessels. The chief towns
of the province are, Valladolid, a bishop's see, a
small inland town in a pleasant valley; St Jago, 100
miles east of Valladolid, Truxillo, 125 north-east, and
Puerto de Cavallos, about 90 north-west, all formerly
places of considerable trade, but now greatly deserted.

The British established a settlement in 1750 on the
Black river, 26 leagues east of Cape Honduras, and
another on a navigable river near Cape Gracias da Dios,
where there is a secure and spacious road for ships.

Guatiraala, in 14" North Latitude, bordered on the
south and west by the Pacific Ocean, is a province of
considerable importance. Its surface is mountainous,
and it is extremely subject to earthquakes ; but its val-

lies are remarkably fruitful, abounding in grain, sugar,
cotton, various dyeing drugs, especially indigo of a su-
perior quality, and the richest pastures, stocked with
incredible multitudes of cattle. Its capital, St Jago, or
Guatimala, a bishop's see and the seat of a university,
is a considerable trading town. It formerly stood in a
delightful valley, not far from the west coast, but was
repeatedly destroyed by tremendous earthquakes and
volcanic eruptions; and was at length removed to a
beautiful plain about 8 leagues from its former site.

Nearly 30 leagues to the south-east is Sansonata, or
Trinidad, which is the nearest proper harbour for ships
from Panama and Peru trading with St Jago. Veia-
paz, or Coban, in 16"^ North Latitude, at the bottom of
the bay of Honduras, and north of Guatimala, is about
.35 leagues in length, and 30 in breadth. It is a moun-
tainous country, covered with forests; but a few culti-

1

rated tracts yield plentiful crops of maize. Cotton, wool. Cud

cocoa, honey, wax, and gums, are its chief articles of ^""nr

trade. It contains no towns of any importance; and ^-^

Vera-paz, the governor's residence on the bank of a ri-

ver running south east to C>olfo Dolee, Acarabatlan, a

small place to tiie westward, esteemed foritswusk me-

lons, and Robinal, a trading village in the pleasant val-

ley of St Nicolas, are scarcely worthy of being noticed.

Chiapa, north-west of Vera-paz, in Ifiio North Latitude,

is of a triangular form, and each of its sides extends

about 65 leagues. It abounds in hills covered with fo-

rests, and has two rivers, the Chiapa, running eastward

to the bay of Campeachy ; and the Samasinta, which
traverses the eastern part from south to north. It has

no mines of gold or silver; and its riches consist in

grain, fruits, and pastures. Its principal town, Cividad

Real, a bishop's see, is situated in a valley suiTounded

by mountains, about 90 leagues north-north-west of

Guatimala, and trades in cotton, cocoa, and cochineal.

There are several Indian towns in this province, of

which the most populous is Chiapa dos Indos, about

1 2 leagues westward of Cividad Real, situated in a val-

ley watered by the river Tabasco. The natives of this

diocese obtained, through the mediation of the Bishop

Casas, exemption from slavery, with other signal privi-

leges. Soconusco lies between Chiapa and the Pacific

Ocean, and is about 35 leagues in length and 30 in

breadth. It is a mountainous country, but has no mines.

It is covered with forests, and its vallies produce indi-

go, cocoa-nuts, fruits, and pastures. The only settle-

ment worthy of notice is Guevitlan, or Soconusco,

which is the residence of the Spanish governor, and is

situated near the coast of the South Sea, about 40
leagues south of Chiapa. See Modern Universal His-

torij, vol. xxxix ; and Playfair's Geography, vol. vi. {q)
GUAXACA, or more properly Oaxaca, is the name

of a city and intendancy in Mexico, or New Spain. The
city, which is the ancient Mexican Huaxyacac, was
called Antiquera at the time of the conquest. It is

situated in an extensive and populous valley, about 80 i

leagues south-east of Mexico. It carries on a consider- '

\

able trade, and is particularly celebrated for it excellent
i

chocolate. It is handsomely built, and contains a very 1

|

fine cathedral, but is open and unfortified. It is a i,

bishop's see, and in 1792 contained 24,000 inhabitants.
|

The provinceof Guaxaca lies in 1
7° North Latitude, reach- i

ing from sea to sea, extending about 90 leagues along

the south coast, 30 along the Mexican Gulf, and from 30 I

to 70 in breadth. Its climate presents a perpetual '

(

spring, and it is one of the most delightful countries in
j

^

that (juarter of the globe. Its mountainous districts,
)

composed of granite and gneiss, are rich in mines of '

gold, silver, and lead. Its plains are highly fertile, and J

yield abundance of sugar, cochineal, fruits, grain, and I

various useful productions. Its relative population is
|

equal to that of European Russia, and it has been long
i

advancing in civilization. Throughout the whole pro- i

vince, vegetation is extremely vigorous, especially half- i

way down the declivity, in the temperate region, where
]

the rains are very copious from May to October ; and, I

at a small village, about three leagues from the capital,

is an enormous trunk of Cupressvs dixticha, which mea- '•

sures 1 1 8 feet in circumference ; but upon a narrow in-
,

'

spection is evidently composed of three united stems. '

Many remains of ancient Mexican structures are to be InW :

seen in the province, especially at San Antonio de los my ;

Cues, a populpus place on the road from Orizaba to '

(

Guaxaca, and at a village named Mitla. In this last '

mentioned place, which was formerly called Miguitlan,

J
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11 -word dignity ing in the Mcxicnn language, a place of
sadness, are the ruins of an extensive palace, construct-

ed over the tombs of the kings, and to which the sove-

reign used to retire for some time on the death of a son,

a wife, or a mother. This palace, or rather sepulchre,

consists of three edifices placed symmetrically in a very

romantic situation. Tlie princijwl structure, which is

in the best preservation, is nearly 131 feet in length,

and the distribution of the apartments bears a strong

analogy to what has been remarked by the French xa-

vans, in the monuments of Upper Egypt. A stair,

formed in a pit, leads down to a subterraneous apart-

ment, which is 88 feet by 26", and which, as well sue the

exterior walls of the edifice, is covered with those orna-

ments generally called grccijnes, such as meanders, la-

byrinths, &c. some of which are in Mosaic, of small por-

phyry stones. Several curious paintings have been
found in these ruins, representing warlike trophies and
sacrifices; but the most striking object is avast hall,

of which the ceiling is sujjjwrted by six porjihyry co-

lumns, about 16 feet in height. 'I'hese columns, the

only ones found in the new continent, bear strong

marks of the infancy of the art, having neither base nor

cai)ital, but sini))ly a contraction of the upper part. Be-

sides the capital, there are several other towns in the

j)rovince, the princi))al of which is Tecoantepec, about
40 leagues south of Guaxaca, at the bottom of a bay on
the coast of the Pacific Ocean. It is a small town, with

a good fishing harbour, and an open road for ships ; but
the port is impeded by a. d.mgerou.i bar. It is likely,

however, to become a place of greater importance, by
the increase of the indigo trade from Guatim.ila. The
iaraily of Hernan Cortez be.irs the title of Marquis of

the valley of Oaxaca, a property containing 1. villas, 49
villages, and 1 7,700 inhabitants. There are 306' secu-

lar ecclesiastics in the province, and 3-i2 regulars. The
revenues of the bishop amount to 18,000 double pias-

tres. See Humboldt's Political Essay on the.Kingdom
of Neuo Spain, {q)
GUAYA(JUIL, a city and province in the kingdom

of Quito. The city is Uie second of Spanish origin in

the empire of Peru ; and was first built about the year

153.5, near the gulf of Charapoto, but, in 1693, it was
removed to its present situation, on the west bank of

the river Guayaquil, in 2M 1' 21" South Latitude, about

63 miles from Quito, and 188 from Lima. It extends

along the side of the river nearly half a league, and is

divided into an old and new town, both of which con-

tain about 2000 houses, which are built of brick or

wood, covered with tiles or thatch, but, on account of

the numerous conflagrations by which it has suffered,

the latter covering is now prohibited. The ground on
which the new town stands, is composed of a spongy
chalk, and is every where so level, that, in the rainy

season, it becomes utterly impassable either on foot or

on horseback, and the communication of the inhabitants

is effected chiefly by means of large planks, which soon

becoming slij)per\', aff'ord a very inconvenient path.

The place is defended by three forts, two on the river

close by the town, and A third beliind it guarding the

entrance of a ravine. All the churches and convents

ai'e built of wood, on account of the softness of the soil,

except the church of St Domingo in the old town, which
is of stone ; and the country supplies timber well

adapted for these purposes, being extremely hard, and
capable of retaining its solidity either in the mud, or

under the water. , The city and its jurisdiction are

under a corregidor, who is subordinate to the president
VOL. X. PAHT u.

and audience of (juito, and holds hi* office during ftve Ci»y*i|uil.

years; the police is conducted by ordinary Alcudca; '— y «»'

and tlie ecclesiastical government in lodgecl in the Bi<
shop of Quito'.s vicar, who is generally also the priest
of the town. It contains a small college of .lesuits, and
an hospital without any endowments. The inlmbituitii
of Guyaquil, including the strangers who are drawn
thither by conimerce, are computed at 20,0(H) ; and
many of the principal people are Europeans, who have
married and settled in the place. All who are capable
of bearing arms are enrolled in companies of militia,

according to their rank or cast. Though the heat of
the climate is equal to that of Panama or Carlhjigena,
yet it is a remarkable circumstance, that the Spanish in-

habitants are extremely fresh coloured, and their chil-

dren universally fair, having light hair and eyc-brow».
They are accounted the handsomest people in all Peru,
and are said to be equally distinguished by the ele-

gance and politeness of their manners. As the river is

brackish near the city, good water is extremely scarce,

especially during summer, and is brought from a dis-

tance of four or five leagues, by means of boats resem-
bling rafts. The fish also in its immediate vicinity is

neither good nor plentiful ; but great quantities of the
most excellent kinds, particularly shell- fish, are brought
from the neighbouring coasts, and constitute a princi-

pal part of the food of the inhabitants. As wheat is

scarce, and the bread from it also badly made, different

kinds of roots have been employed as substitutes, par-
ticularly unripe plantains cut into slices and roasted.

The inhabitants affect threat .splendour in their formal
entertainments ; and their dishes are a succession of
high-seasoned ragouts snd sweetmeats, always begin-
ning with the latter. Their liquors, on these occa-

sions, are grape-brandy, cordials, and wine. Weak acid

punch is much used by both sexes, in the forenoon and
evening, as a refreshing and wholesome drink, itnd aa

a necessary mode of correcting the disagreeable quali-

ties of the water. Melons and water melons are brought
ill great abundance to the city during the summer sea-

son. From the month of May to December, the air is

remarkably serene and delightful ; and the cool breezes,

wliich blow from the mountains from mid-day till five

or six o'clock next morning, tend greatly to refresh the

earth and the atmosphere. But during the other half

of the year, the climate is intolerable to strangers, the

heat greater than at Carthagena, the rains continual,

the country overflowed, the insects and other vermin
extremely numerous, and even venomous. They are

said to be so abundant in the city, that it is impossible

to keep a candle burning except in a lantern, as it

would otherwise be extinguished in a few minutes by
the multitudes flying around it. Tertian fevers prevail

much at this season, which the inhabitants, from a pre-

judice against the use of tlie bark, (though originally

discovered in the province,) suffer to prey upon their

constitutions, till they often become incurable. They
ai-e very subject also to cataracts and other distempers of

the eyes, which oilen terminate in total blindness, and

which some have ascribed to the aqueous exhalations

during winter from the chalky soil. The city carries

on a considerable trade, and exports native produce,

of which the chief article is cocoa, to the value of

550,000 piastres annually; while the amount of im-

ports is 1,200,000 piastres. The province of Guaya-

quil extends about 60 leagues from north to south, and

about 45 from east to west ; and is divided into seven

departments or lieutenancies, for each of which the

3 Y
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(juayaquil. corregidor appoints a deputy governor, but whose au-

"*""~Y~~' thority must be confirmed by the audience of Quito.

These are Puerto Viejo, a poor and thinly inhabited

district, abounding in wood, producing a little cotton,

and formerly noted for a considerable pearl fishery in

the bay of Manta.—Punta de Santa Elena, a low fertile

country, full of salt works, but chiefly remarkable for

possessing the purple dye so highly esteemed among
the ancients, and which is simply the blood of a species

of shell fish growing on the rocks. The threads, after

being drawn through this liquor, are tinged at first with

a. milky hue, which changes into green, and then into a

vivid purple, which does not fade by wearing, and is

rather improved by washing.—Puna, a low flat island

in the moudi of Guayaquil river, about seven leagues

square, covered with thickets of mangrove trees.

—

Yaguache, around the mouth of a river of the same
name, which falls into the Guayaquil, has no towns of

Bote, but the country is populous, and produces much
excellent wood.—Babahoyo, is a large district, subject

to great inundations during winter, but productive in

cotton, rice, Guinea pepper, and other fruits, especially

in plantations of cacao. Large droves of horses, mules,

and black cattle, which are kept in the mountains during

tlie wet season, are brought down when the land is dry,

and fattened on the plant called gamalotte, which, resem-

bling barley in its blade, grows in such luxuriance as

entirely to cover the plains, even to the height of 7 or 8

feet.—Baba, a very extensive district reaching to the

skirts of the Cordillera, abounds chiefly in the cacao

tree, which delights in a watery soil, and which here

grows frequently to the height of 20 feet. The gather-

ing of its fruit and drying of its seed forms the princi-

pal trade of the inhabitants. Daule has many large

orchards, and extensive corn fields, plantations of cacao,

cotton, and sugar cane, but is chiefly distinguished by
the excellence of its tobacco. Throughout the whole
province of Guayaquil numbers of cattle are reared,

especially where there are mountainous tracts to afford

a retreat during the season of the inundations. The
woody parts are much infested with insects and noxious
animals. The river of Guayaquil, which is the prin-

cipal channel of the commerce of the country, is navi-

gable for the space of 24. leagues, from the isle of Puna
at its mouth to the town of Babahoyo, where all the
goods intended for the Cordillera, or proceeding thence,
must be entered. This river is frequently swelled by
torrents from the mountains; and, as these floods are
continually shifting the sand banks, its navigation is

uncertain, and requires constant sounding. It is na-
vigated principally by hahas, or rafts, which are made
of a soft, light wood, and which are of various sizes,

but frequently carry 400 or 500 quintals. (See Balza.)
The principal articles of the cargoes exported from the
province are cacao, tunber, salt, and cattle, tobacco,
wax, Guinea-pepper, drugs, and ceibo-wool. This last

is the product of a high and tufted tree, and bears a
greater resemblance to silk than either to cotton or
wool. It is chiefly used to fill mattresses, and has this
remarkable property, that when compressed by damp-
ness, yet, if laid in the sun, it swells again, and often
with such force as to stretch the^covering of the mat-
tress. The imports are wine, brandy, oil, and dried
fruits from Peru; bays, flour, papas, bacon, hams,
cheese, and similar articles, from Quito; iron and
cordage from New Spain ; and European goods from
Panama. But the principal profits of the Guayaquil
traders arise from the commercial exchanges between
tijaa and QuitO; which pass in the course of its river.

especially in the summer season, when the goods can

be conveyed between the mountainous districts and the

shipping. The banks of the river are covered witli

habitations, as the inhabitants thus enjoy the advan-
tages both of fishing and of agriculture. These houses,

like the greater part of what are built in the province,

are chiefly of timber, and rai.sed upon posts 12 or 15 feet

from the ground, on account of the general inundations

during winter. In that season, the inhabitants of the
level districts pass from house to house by means of
canoes, which even the children are able to manage
with extraordinary dexterity. The river of Guayaquil
supplies the numerous inhabitants of its borders with
abundance of fish ; and the Indians after harvest set

sail in their balzas with their families, and employ se-

veral weeks in fishing ; moving from one creek to ano-
ther, according to their success. Besides using liar-

poons and nets, they employ in the smoother creeks a
certain herb called harbasco, which they chew, mix
with bait, and scatter on the water. The juice of
this herb is so powerfid, that it often kills the smaller
fish when they eat of it ; and so stupifies the larger, that

they float on the surface, and are taken up without any
trouble. The increase of the fish is greatly hindered,

by the multitudes of alligators which frequent the
river and the adjacent plains ; and some of which are
fifteen feet in length. They are not ferocious, and uni-
formly flee at the approach of a man ; but they often
devour the calves, colts, and even the children when
wandering near the river in the dusk ; and it is said,

that after once tasting human flesh, they become more
ravenous, sometimes watching an opportunity to drag
the boatmen, while asleep, into the water. The gal-

linazo, a bird about the size of a pea-hen, and very
common in the hot climates of South America, fur-

nishes a useful check to the increase of the alligators by
its activity in destroying their eggs. Concealed among
the branches of a tree, it silently watches the female
alligator till she has laid and covered her eggs in the
sand. As soon as she is gone, the bird darts upon the

spot, and, assisted by a multitude of its tribe, who
readily join the fortunate discoverer, uncovers the nest,

and devours the eggs. See Ulloa's Voyage to South
America, vol. i. (5)

GUAYRA. See Caraccas, vol. v. p. 4'24'.

GUERCINO. The original name of this celebrated

artist was GiovanniFrancisco Barbieri. Malvasia relates,

that in his infancy he lost the sight of his right eye,

and that from this accident he acquired the name by
which he is now generally known. He was born at

the village of Cento, in the territory of Ferrara ; and
little doubt remains that he never received any regular

instructions in painting but what he derived from two
very obscure artists in his own country, namely, Gio.

Batista Cremonini, and Benedetto Gennari. It has been
affinned, indeed, that he was taught in the school of

the Carracci ; but this supposition is rendered impro-

bable by a variety of circumstances, and by none more
than the peculiarities of his different styles, all of which
are at variance with the principles of that school. It is

more than likely, however, that he derived much ad-

vantage from studying the magnificent picture of Lo-
dovico Carracci at the Capuchins at Cento ; but for the

great proficiency which he attained, he must be con-

sidered as chiefly indebted to the strength of his own
genius, and to the careful study of nature. The ten-

dency of his mind began to shew itself at an early age

;

and it is recorded of him, that when only ten years old,

he painted a picture of the Virgin, in the fajade of his
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{.rdno. father's housp, which would not have disgraced a more
'•-r^' mature a^e, and a more practised hand. When pre-

mature talent is found to ripen into great excellence,

we too readily give credit to the stories which blind
admiration delights to record of childhood already nt-

cliicving what belongs to experience and age. And
when his biographers relate that this picture of Guer-
cino, at the age of ten, with such a subject as the Vir.

gin, was actually a picture of extraordinary excellence

;

we may safely class it among those innumerable instances

of a like nature, in which exaggeration sets not only
what is probable, but what is possible also, at defiance.

In the course of his practice, Guercino adopted three
different styles, which he followed at different periods.

The first is not distinguished either by accuracy or
grace of design ; and in respect of colouring and effect,

is violent, inhannonious, and harsh. It is a bad imita-

tion of Michael AngeloCaravaggio, whose works at that

time were held in high estimation. Dissatisfied with
his attainments, he visited the celebrated schools of art

at Rome, at Venice, and Bologna, and by great study
and observation, he changed and improved his manner;
and his second stile is free from many of the faults

which are observable in his previous works. He still

retained that vivid contrast of light and shade which
distinguishes the protluctions of Caravaggio; and, like

him, his outlines are generally lost, and blended in the

foiido, but he now far surpassed him in grandeur of
composition, and in dignity of character. His females
are remarkable for elegant and fascinating beauty. His
men, however, are not always free (even in this his best

and most valued manner) from a degree of vulgarity

and individuality, which probably arose from too strict

an adherence to the mode from which he painted.

Among the great performances which he executed at

this period, we may reckon the picture of St Petronilla,

formerly in St Peter's, and lately removed from the gal-

lery of the Louvre ; the Aurora, in the Villa Lndovisi ;

his St Philip of Neri ; his St Glena ; and his fine pic-

ture of the Resurrection. In a similar style of bold de-

sign, and magically forcible effect, both ofcolouring and
oflight and shade, he executed his grand undertaking

of the Dome at St Piacenza, in which he has carried

fresco painting to a high degree of perfection. The
late Mr Barry, in a letter dated at Bologna, to Sir Jo-
shua Reynolds, speaks in terms of the highest praise of
the pictures by Guercino, at that time in the cliurch of

St Gregorio. Speaking of the solemn colouring in the

works ofLudovicoCarracci, " Guercino," says he, "has
much of this manner in his fine pictures at St Gregorio,

with this difference, that I observe in Guercino more
mellowing and fiioco in the colouring ;" and he regrets

that this great artist should ever have departed from the

grave majestic tone which he then practised. Liketlie

great painter to whom he is thus compared, one great

excellence of Guercino, is the clearness of his deepest

shadows. In his best works, he admitted a very large

proportion of shadow ; yet, notwithstanding their

breadth and deep repose, every object which it enve-

lopes is as distinctly seen as it would be in nature. No-
thmg is lost, nothing is lefl ambiguous.

From this style, however, he was at an advanced
period of his life tempted to deviate. The manner of

colouring which Guido had adopted, remarkable for

sweetness, openness, and delicacy, was become the sub-

ject of great admiration; and Guercino, in attempting to

rival the peculiarities of style so widely different from
his own, lost all that stamped him an origuial genius,

and fell into a manner of comparative imbecility. In

this last manner, were his pictures of the Annnncmtion
at Forli, the Pro<lignl in the royal palace at Turin, and
the Marriage of the Virgin in St Patemiano, at Knro.

This laborious artist left an incredible number of
works. In the list given by Malvaaia, he enumerate*
lOf) altar-pieces for the churches, 144 large historical

pictures, be»<ides his great fresco works, and his nume-
rous portraits and landscapes in private collsction*.

He leu also a vast number of drawings, which are heM
in great estimation. The etchings which he executed,,
nine in number, are very spirited. He tlieil in I6()6",

aged 7b". (/)

GUERICKE, Otto. See Psbumatics, Huloryof.
GUERNSEY, the Snrnia of the ancients, is an island

belonging to Great Britam. It is one of the Channel
islands, lying within the bay of St Michael, and about
seven leagues from the coast of Normandy. This
island is of a triangular shajie. Its extreme length is

about 7i miles, and its greatest breadth ab.iut 4 miles.

It is alK>ut 21 miles in circuit. According to the q^^j^
recent account of it given by Dr Macculloch, it is ele- itructuie.

vated to the south, and shelves towards the north.
The southern coast is bounded by high cliffs, stretch-

ing along part of the eastern coast. The rest of the
eastern coast, and the northern coast, consist of .•» num-
ber of flat bays, separated by ridges of lofty rocks. Dr
Macculloch conceives the island to be divided by aa
imaginary line, drawn from the town of St Peter's Port
to Pezeries. A level tract, broken only by cairns and
rocky hillocks, lies to the north of tliis line. This tract

comprehends an inundation of more than 60 years

standing, which covers three hundred acres. It was
formerly quite dry before the time of low water,

but has lately been embanked and drained. 'I'owards

the south of the imaginary line, the country forms a

higher stratum, everywhere intersected by deep glena

and narrow vallies of various directions. With the ex-

ception of two or three narrow caves, which form the

mouths of small vallies intersecting the high land, the

lofty cliffs which bound the southern tract are continu*

ous. There are here few detached rocks, but the north-

ern coast is covered with them. Dr .Macculloch obser-

ved, that the island is entirely of granitic formation ;

that the southern division consists wholly ofgneiss;and

that the rocks which form the northern point, exhibit

various kinds of granite, or granitel. At the foot of a

rocky steep near Prevolet Point, is a curious cave called

La Cave Ma/iie. It is above 200 feet in depth ; and
from an entrance 9 or 10 feet wide and G high, it ex-

tends from 50 to 60 feet in height and breadth, ending

in granite points.

The soil of Guernsey, which is decomposed gneiss, is Soil «nJ

very fertile, and is well watered by springs and rivu- »gncultttre»

lets. Agriculture is carried on with great care. The
lands are inclosed with stone fences. The seats of the

gentry, and the farm-houses and cottages, which arc

very handsome, are agreeably situate<l among orchards

and gardens. The ordinary food of the inhabitants, is

a soup made of cabbage, pease, flour, and a few slices of

green bacon. Their beverage is cyder. The produce

of the island is nearly the same as that of the west of

England. The fruits are very fine. Pigs are fed in

winter on parsnips ; and the butter, pork, an<l veal, are

in the highest perfection. Red and grey mullets, mac-

karel, congor eels, and lobsters, are caught in great

abundance round the island. Coals are imported ; Iwt

the principal fuel of the poorer inhabitants is sea-weed,

the ashes of which are used as manure by the farmers.

The climate of Guernsey is mild and temperate, and aim«tt.
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is not subject to excessive heats or colds.

and springs are moist, and higli winds often prevail.

Guernsey is divided into ten parishes, each of which

is divided into several vintons, for the better manage-
ment of affairs. The island is in the diocese of Win-
chester, and province of Canterbury. The convention

of the state, consists of the governor, a bailiff, 12 jurats

appointed by the king, who administer the laws, which
are quite different from ours. These officers hold their

places during pleasure ; and they judge in all civil and
criminal cases e-xccpting high treason. The governor
receives tythes of all kinds of grain. He has under
him a lieutenant-governor, who is called the constable

of the castle. The prevailing religion is that of the

church of England, though the followers of Wesley
are numerous. The Catholics are very few in num-
ber.

The only town in the island is St Peter's Port. It

originally consisted of a narrow street of high houses,

but the buildings have been extended across a ravine

over the surrounding heights. The lower streets are

narrow, dirty, and irregular. The principal church,

built in 131i!, is of granite. It has Gothic mouldings,
though no pointed arches. Its exterior is handsome.
Its porch is remarkable for the depth and extent of its

mouldings ; and its tower is a great ornament from the

pier and road It contains some good modern monu-
ments. The new court-house is liandsomely built of
granite, and fitted up with suitable offices for the pre-

servation of a few records. The new prison, built af-

ter the model of the debtors' gaol at Manchester, is

very spacious and commodious. The work-house, or
hospital, is supported by an endowment, and by an
assessment on lands and houses. The harbour af-

fords sufficient shelter and security to shipping. The
keys and the piers are immense masses of rough ma-
sonry formed of granite, and extending out into the
harbour. These walls are paved, and have parapets,
and they inclose a space of several acres. The harbour
and the road are exposed to the south-east. Harbours
for vessels of light tonnage occur on the north and west
sides of the island, at the creeks of Bazon, L'Accousse,
Ferminer, St Sampson, and the west passage. The
market-house for meat and vegetables, is a large build-
ing erected in an open square. Two large and hand-
.some rooms have been fitted up above the market-house,
for the public assemblies and entertainments, which are
held monthly during the gay season. There is also a
small theatre here. An ascent of about 100 steps, leads
from the level of the market-place up the side of a ra-
vine to the new town, where there are many good and
open streets, one of which, called George Row, contains
several degant houses. The government house, the
public walks at L'Hivreur, and the college founded by
Queen Elizabeth, are the only other objects of interest.

There were formerly four castles in the island, viz.
Castle Cornet, the Castle in the Marshes, Vale Castle,
and the Castle of Notre Dame. Castle Cornet is situa
ted on a rock of gneiss often approacliing to granite,
and mtersected by veins of quartz, trap, and felspar,
curved and mixed in various ways. This rock is about
a quarter of a mile from the shore, and near Port St
Peter's. It is scarcely accessible but on one side. It is
surrounded with an outer wall of great thickness, flank-
ed by several machicolated tower*, and the keep has
been converted into casemates. Elizabeth enlarged it
with a lower line of curtain and bastions; and barracks
and accommodation for a numerous garrison have since

It is now defended by a considerable

quantity of heavy artillery.

The Castle in the Marshes appears to be very ancient.

It is encircled with a double wall of granite, and has an

outer and inner ditch, and a keep in the Norman
]

form. ... ''

The Vale Castle, which is also ancient, stands upon

a commanding eminence, near St Sampson's harbour.

It was once reckoned to be strong, but it has now only
i

a surrounding wall, with flanking towers, and a portal.
j

There are barracks for a garrison ; and several pieces of
,

cannon on the ramparts, command a passage called the

Russel. The castle of Notre Dame, and that of Rocquane,

no longer exist.

The inhabitants arc chiefly employed in agriculture, Jfanui^
j

and in the cultivation of their gardens and orchards, '"'es t]^

from which great quantities of excellent cyder are made, '^"'"""p

The only manufacture is that of woollen goods. They
are allowed to import 1000 tons of wool annuallj'

from England, which is made into stockings, waist-

coats and breeches. Lobsters are the only fish which
is exported. Guernsey was, before the establishment

of the London Docks, the grand depot of all the foreign

wines and brandies. Towards the bay of St Sampson's,

there is a fine rock of grey or black granite, which
is exported in large quantities to London and Port.'-

mouth. It is called the Guernsey or St S.impson's

stone, and being hard and tough, it is admirably adapt-

ed for building and paving, as it easily breaks into

square masses before the hammer. Dr Macculloch could

not obtain any physical or historical evidence that emery
was a production of this islf nd, as has been generally

stated. Every part of the coast of Guernsey is fortified

with strong batteries and breast works. The number
of houses in St Peter's is about 800, and the population

of the island about 15,000.

See Dicey's Hislon/ of Guernse!/ ; Grose's Aniiqui-

lies of England and Wales ; and AlaccuUoch's Account i

of Guernsey, in the Transactions of the Geological So-

ciely, vol. i. p. 7.

GUIANA, an extensive country in South America, situati.

is bounded by the river Orinoco on the north, by the and ex it

river of the Amazons on the south, by the Atlantic

Ocean on the east and north-east, and by New Granada
on the west. It is nearly of a triangular form, and is

computed to contain 250,000 square miles. It extends

along the coast from the mouth of the Orinoco to that

of the Maranon or Amazons river, about 700 miles ;

and stretches inland from east to west about 1200.

The Orinoco is known to communicate by several

branch-streams with the Maranon ; and one of these,

called the Yupura, is considered as the western verge

of Guiana. It is therefore completely an insulated tract,

and is probably capable of being circumnavigated.

The discovery of Guiana has been attributed by some Dis<^vi

to Columbus in the year 1498, and by others to the and hitri

Spanish navigator Vasco Nunes, who, after ascertaining
;

Cuba to be an island, landed in 1 501 on the continent
| j

of South America ; and, having traced the coast from
the Orinoco to the Maranon, comprehended the whole
tract in that extensive country, to which, in contradis-

tinction to Cuba and the adjacent islands, he gave the

general name of Terra Firnia. But, though originally

seen by the Spaniards, Guiana was little known, till it

was visited by Sir Walter Raleigh in the year 1595

;

who not only explored the coast, but also sailed up the

river Orinoco about 608 miles in quest of the imagi-

nary El Dorado. Several English buccaneers next re-

i



GUIANA.
t,ii *n». borlr<l to the coast ; and, in IC34, about sixty j)ersons,
'*"^,--"^ pjirtly English and partly French, under the connnancl

of a Captiiin Marshall, were found in Surinam cultiva-

tinjj tobacco, and inakinpr trading voyages to the neigh-
bourinjt coasts. In 1650, this voluntary settlement
was taken \milor the protection of CJrcat Britain, and
Lord Willoughby of I'arkham was appointed governor;
but, in 16<)7, it was taken by the Dutch, and finally

*
ceded to them by the treaty of VVestminster in 1674,
in exchange for the province of New York. Similar
settlements were gradually niade by otlier powers, on
different parts of the coast; and the country of Guiana
has thus been distributed by geographers into four dis-

tinct divisions; viz. Spanish Guiana, Dutch Guiana,

Jivision.
French Guiana, an<l I'ortuguese Guiana. Spanisli
Ciuiana extends along the coast about thirty leagues
from the mouth of the Orinoco to Cape Nas.sau, and runs
inland about 150 leagues on the south of the Orinoco;
Dutch Guiana lies between Cape Nassau and the river
Maroni ; French Guiana between the Maroni and the
river Carapana ; and Portuguese Guiana, between
the Carapana and the river of the Amazons. The
more inland part of the country, behind these settle-

ments, may be considered as a fifth division, and called

Indian Guiana. Of these, Spanish Guiana is by far the

iwrnifh
""*' extensive and valuable possession. Its breadth,

luiana. indeed, tor the space of 80 leagues eastward, does not
exceed 30 leagues; but it afterwards widens to more
than 150 leagues, running along the back of the Dutch
and French possessions, till it reaches the equinoctial

line, which separates it from the Portuguese territories.

It is divided into Upper and Lower Guiana, of which
the river Caroni may be considered as the separating
boundarj'. Lower Guiana is intersected in all direc-

tions by numerous rivers, which from time immemorial
have contributed to increase the vegetable mould on its

surface, .so that in point of fertility it is not surpassed
by any other portion of territory in the American con-
tinent. But, for the space of 30 leagues from the coast,

it is completely occupied by the Carilis, the most fero-

cious ofthe Indian tribes, who have hitherto massacred
every Spanish missionary or settler, who ventured to

approach their habitations ; and whose hostility to the
Spaniards, the Dutch have been accused of fomenting,
for the purpose of extending their commerce along the
coast of Spanish Guiana. The city of Saint Thomas,
the capital of Spanish Guiana, is situated on the right

bank of the Orinoco, about fK) leagues from the mouth
of the river; and is the residence of a governor and a
bishop. Its streets arc regularly built and well paved ;

and its climate pure and healthy ; but its port is in-

commotlious, and its distance from the coast unfavour-
able to its commercial prosperity. From this port of

Guiana, were exported, from 17.91 to 1791; 10,380
oxen, and 3140 mules, all either bred in the province or

brought from Varinas ; anl, in return, were imjwrted
200 negroes, and 34'9,448 piastres in specie. From
1791 to 1795 the silver exported to Europe amounted
to 25,a03 piastres, and the commodities to 363,397
piastres. But this commerce is said to have greatly di-

minished. The population of Spanish Guiana, exclu-

sive of the portion occupied by the Caribs near the

coast, is estimated only at 34 000, of which 19,425 In-

dians are under the jurisdiction of the missionaries,

6575 reside in the capital, and the remaining 8000 are

scattered through the different villages. Farther par-

ticulars respecting the political and ecclesiastical state

of this province will be found under the articles Ca-
RAccAs and Orinoco; and for an account of the other

European settleracuts on the coast of Guiana, we refer to
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the articles BEnnicE, Cavennk, Uf.merary, Surinam, OoUim.
&c. In the present article we confine oumelvo to such *~V""
topics as may be considered common to them all, espe-
cially to the natural history of Guiana, comprising its

soil, climate, native pnxluctions, original inhabitants,
&c.

Guiana was originally called by some navigators the Anicet.
wild coast ; and its shores, accessible only by the
mouths of its rivers, are every where covered by dan-
genus banks, quicksands, rocks, and impenetrable
thickets. Its appearance from the sea is wild and un-
cultivated ; and it is so low and flat, that, even where
there are plantations along the coast, there is nothing
visible at first, but a continued forest sL-uiding close to
the beach ; so that the country appears as a duster of
trees growing out of the water. The European nettlers, g-,
particularly the Dutch, attempted at first to cultivate

the banks of the rivers, at a considerable distince from
the coast; but, by the example of the British, were
persuaded to extend their ]]lantations along the shore^

where the soil is remarkably fertile, and adapted for

every variety of tropical production. The ground, for

a considerable way up the country, is every where
level ; and so low, that, during the rainy season, it is

usually covered with water nearly two feet in height.

This renders the soil so rich, that, on the surface, for

12 feet in depth, it is a stratum of perfect manure, and
has been actually carried to Barbadoes for that purpose.

In some places, 30 crops of rice can be raised in suc-

cession ; whereas, in the West India islands, not more
than two is ever expected from the richest lands. The
whole country is intersected by deep swamps or marshes,
numerous rivers, and extensive savannahs. The interior

has been little explored ; but, in })roceeding inland, it

becomes more hilly, and the soil poorer, sometimes
rocky, and often sandy. It is covered with immense
forests, rocks, and mountains ; and, in some of the lat-

ter, a variety of mineral substances are found. The
most prominent objects are a lake called Parima, whose
extent varies with the seasons ; and a chain of moun-
tains called Mei, nearly parallel with the form of the

coast. From these mountains, rivers flow in every di-

rection ; some, like the Essequibo, falling into the At-
lantic ; some, like the Caroni, joining the Orinoco

;

and others, like the Rio Blanco, uniting with the river

of the Amazons.
The climate of Guiana is the mildest and most sa- climate,

lubrious of any tropical country hitherto inhabited by
Europeans. This has been ascribed principally to the

regular blowing of the trade-wind over the surface of

a vast tract of ocean, which thus carries a perpetual

stream of cool air over Guiana from east to west

;

while, on the opposite coast of Africa, the same equa-

torial wind, coming over land, is heated with the sultry

vapours of sandy tleserts. Besides this general flow of

the whole atmosphere in a westerly direction, there is

a daily lateral fluctuation, termed the sea-breeze and

the land-breeze ; the former, which is the cooler of the

two, blowing from the north-cast during the day,

tempeiating the anlour of noon ; and the latter, which

is the warmer of the two, blowing from the soutli-east

during the night, preventing too rapid a chillness.

The range of the thermometer on the coast, during the

whole year, is from 72 to 87 ; and, between two or three

hundred miles up the coiintn,-, it is from 65-^ to 84.

Instead of the cold and the warm seasons of Europe,

the year is divided by the rainy and tlie dry seasona,

which may be termed the winter and summer of the

country. Bat, in Guiana, there may be said to be an-

nually two winters or wet seasons, and two shimmers
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or dry season.', which are distinguished from each

other by the appellation of the greater and the smaller,

rcferrinfT not to the intensity of the heat, or the vio-

lence of the rains in the one more than the other, but

to their thiration. The long wet season begins about

the middle of April, declines in August, and ceases in

September; when the short dry season commences,

and continues till the middle of November. Then
comes on the short wet season, which lasts tTll the

middle of January, when the long dry season appears,

-which does not terminate till the middle of April.

During this last period, especially in the month of

March, the weatlier is most pleasant, the atmosphere

clear and pure, the climate genial and cool. There are

frequent variations in these stated periods ; and the

changes are generally accompanied with tremendous

storrns of thunder and lightning, which sometimes

prove fatal both to the inhabitants and the cattle of the

country. In the wet season, though the rain falls in

torrents, yet it is generally in the afternoon ; and in

the dry season, there is rarely a drought, but showers

occasionally come during the night. The earth is thus,

during the whole year, adorned with perpetual ver-

dure, the trees loaded at the same time with blossoms

and ripe fruit ; and the whole presenting to the view

a delightful union of spring and ofsummer. There are

no hurricanes to destroy the crops of the planter ; and
rarely are any earthquakes felt in the level districts.

There are few contagious disorders in Guiana

;

and by temperate living, together with proper care to

avoid the mid- day heat and evening dews, Europeans
have been able to preserve a state of excellent health

in the country. The principal disease is fever, in a

variety of forms and degrees, from the simple intermit-

tant to the dreaded yello-.v fever. A prickly heat, or

scarlet eruption, is frequently experienced, which causes

extreme itching, but is considered rather as friendly to

health. The stings of the musquitoes or gnats are often

succeeded by large pimples, which are apt to be con-

verted by scratching into troublesome ulcers. The
ring-worm consists of long scarlet spots, chiefly about
the face and neck, and ia prevented from spreading by
the immediate application of lime-juice mixed with
gun-powder. The chigoe, or jigger, is a kind of sand-
flea, which lodges under the toenails, between the skin
and the flesh, and unless extracted as soon as the itch-
ing which they occasion is felt, are apt to produce very
deep and fretting ulcers. The yaws, a dreadful dis-

order resembling the small-pox, and covering the
body with large idcers, is extremely infectious, but
seems peculiar to the negro race. Dry gripes, bloody
flux, and dropsy, are also frequent.

The vegetable productions of Guiana are exceedingly
numerous, and many of them particularly worthy of no-
tice, both as objects of curiosity and as articles of utility.

The trees in the forests grow to an immense size, many
of their trunks rising to the height of100 feet, and throw-
i)ig_ out at the lower extremity a number of flattened
projections, which surround the stem like supporting
buttresses, and form deep recesses, capable sometimes of
affording shelter to 10 or 12 persons. The mountain
cabbage, unrivalled in the vegetable world, has a
straight tapering trunk 100 feet in height, and 7 or 8
feet in cuxumferencc, branches 20 feet in length, diverg-
ing in a horizontal direction, palmated narrow leaves
above 2 feet long, a green husky pod 20 inches in length
at the clefts of the lower branches, full of nuts, which
are the seeds of the plant ; and, on the summit of
4he trunk, the cabbage, consisting of thin white

strata, and resembling an almond in taste. The silk

cotton tree, generally growing to the height of 100

feet, with a trunk 12 feet in circumference, and free

of branches for the space of 70 feet, bears a pod

full of silky filaments. The red mangrove tree,

growing in marshy places, rises from a number of

roots, which appear several feet above ground, before

they are joined together to form the main trunk, which

is generally tall and large, hard, and good for building ;

and numerous ligneous siioots, without leaves or branch-

es, descend from the stem and the lateral boughs to-

wards the ground, where they take root, and like props

or pillars, afford supiwvt to the tree in its watery soil.

The cocoa nut tree, growing to the height of 60 or 80
feet, but seldom perfectly straight, bears fruit at the

age of • ix or eight years. The pipeira tree, about 70
feet high, and 9 in circumference, affords a weighty
durable timber, and bears a small round fruit of a fari-

naceous nature, which is sometimes used by the Indians

as food. Among a variety ofother valuable forest trees,

growing to the height of .50 feet, may be mentioned the

iron-wood tree, so called from its hard and heavy wood,
which is used for clubs, windmills, and similar pur-

poses ; the bullet-tree, which has a dark coloured woo<l,

spotted with small white specks, very durable, and so

weighty as to sink in salt water ; the launa tree, which
bears a fruit like an apple, yielding a purple coloured

juice, employed by the Indians in painting their bodies
;

the mahogany tree, resembling the cedar, and prefer-

ring a rocky soil ; the tonquin bean tree, which bears

the sweet-smelling pulse of that name, and some of

which sometimes grow to the height of 70 or SO feet

;

the cassia fistula, covered with a light brown bark, and
bearing pods 18 inches long, containing a sweet pulp
resembling treacle. Of a sm;Jler size are the boiirracou-

ra, or letter wood tree, which contains a heart of a deep
red colour, marked with black spots, hard, fwnderous,

capable of the finest polish, and highly valued for its

beauty ; the liiarree tree, which grows near rivers, and
generally at a distance from other trees, esteemed a

strong poison, even the smoke of the wood when burn-
ing proving fatal to animal life ; the cocoa tree, which
bears a pod of the size and shape of a melon, contain-

ing rows of nuts in its longitudinal cavities.

The most valuable fruit trees are the guava, which
bears a round fruit of a light yellow colour, the internal

part of which is a red pulp generally made into jellies,

and the external part resembling the substance of an
apple, employed in tarts, &c.; the tamarind tree, which
grows to a considerable size, and produces its fruit in a
large pod ; the aviato or avogato pear tree, restmbling a
walnut tree, and bearing a delicious fruit like a large pear

of a pale green colour, and yellow pulp, similar in taste

and flavour to tlie finest peach ; the female poppau,
which produces an oval-shaped fruit, about six inches

in length ; plantains, bananas, pine apples, &c. Among
the useful shrubs, we can only particularize the cotton

bush, which produces two crops annually ; the coffee

bush, which also bears two crops, each tree yieliling

about a pound and a half at a crop; the palma christi,

or castor bush, which bears nuts of a triangular form,

covered with a thin brown fur, the kernels of which
yield by expression the well known castor oil ; the

cassava shrub, of which the roots are ground into nuitl,

and formed into an excellent bread ; but the bitter

cassava, though it becomes a wholesome food when
boiled or baked, is in its raw state a fatal poison. Of
many curious plants may be mentioned the aloe, of

which there are vr..ious kinds ; the caruna shrub, bear-
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Suliina. ing a nut, of which the kernel ia used by the Indiuns
•-^^-^^ as a slow poison; the currelta, or silk-grass plants a
iiikt;roas species of aloe, the leaves of which contain a Kapona-

''

ceous pulp, used in wasliing, mixed with fine and
strong white filaments, which when properly cleaned,

can scarcely be distinguished from threads of silk, and
are employed in making nets, cords, &c. ; the sili(|tia

hirsuta, n slender crcepuig plant like the vine, bearing
pods resembling the common pea, covered with fine

stiff pointed hairs, whicli, imon being applied to tlie

skin, produce an intolerable sensation of itching

;

rniolies. troolics, or leaves of an enormous size, from '20 to 30
feet in length, and about 2 or S in breadth, growing
from a short root close to the ground, and used as a
tliatch for houses, which they protect from the heaviest

^bbcM. rains, and last for many years ; nibbees, a kind of lig-

neous rope, without any foliage, growing to an im-
mense length, and from 3 to 18 inches in circumfer-
ence, sometimes entwining themselves together to the
thickness of a sliip's cable, and at other times inter-

leaving themselves like nets, so as to intercept the
game in their course, frequently climbing to the tops
of the loftiest trees, and again descending to take root

in the earth, often coiling themselves so closely around
the trunks of the trees, as completely to check their

growth, and so extremely tough as to be used by the
natives for fastening the posts and thatch of their huts.

Roots. The roots most deserving of notice, are the ipecacuan-

ha, the ginger, and the Indian yam, which last is about
eight inches in length, and six in circumference, of a red-

dish purple colour, and affords an agreeable farinaceous

food.
Aaimals. The native animals of Guiana are not yet fully ascer-

tained ; and its unexplored forests contain, in all proba-
bility, many animated beings, which are but very im-
perfectly known to the zoologist. .Many of the domes-
tic animals, the bull, the cow, the ass, the hog, the

domestic sheep, &c. have been imported from the old continent

;

aimals. and some of these, having escaped into the woods, have
run wild and multiplied rapidly. Most of them, how-
ever, have greatly degenerated bUh in size and in flesh,

in consequence, it is conjectured, of the perpetiial per-

spiration to which they are exposed, and the coarseness

of the grass on which they feed. The sheep, particu-

larly, are remarkably diminutive, and their wool con-

verted into straight hair. The hogs, on the contrary, are

large and fat, and superior to those of Europe. The
goats are large and beautiful animals, common in aU
parts of the country ; often kept on the plantations,

where they breed quickly, and yield much milk. The
poultry are as plentiful and excellent as in any part of

the world. A smaller species of domestic hen with
rumpled or inverted feathers, is reared by the natives

in the inland parts of the country, and is considered as

natural to Guiana.
!«»su of The beasts of prey, which abound in the forests of
"T- this country, though numerous, are not remarkably

formidable to the human race. The most powerful is

the tiger, of which there are several kinds ; the jaguar,

laguar. which resembles the African species, and sometimes
measures six feet from the nose to the root of the tail,

is very strong and ferocious, frequently attacking the

cows, horses, and young negroes on the plantations

;

the couquar, or red tiger, resembling a grey hound in

shape, but larger in size, and equally fierce as the last

mentioned ; and the tiger cat, a beautiful creature, not

much larger than the domestic cat of Europe, but de-

structive and iintameable like the rest of its kind.

Tliiii is ailrocious little creature, called the crabbo-dago.

Ouran.oa.
ung.

Howling
baboon.

not much larger tlian a common cat, and supposed to CuiaM.
be the same with what Ruffon callfl the grison or grey. ' »

'
wea.sel, which is never glutted with blo<K{, but murder*
whatever comes in iti way, whether qiiadni{H>(l<i, fowls
or reptiles, if it is able to van()uish them. There arc
various kinds of monkeys, but no apes in (iiiiana. The
natives alfirm, that the ouran-outang, five feet in height,

is found in the woods, but no Euroj>ean has ever seen
any of these animals in the country. Of the others,

the most remarkable are, the quato, which has a naked
face, a nose like that of a negro, deeply sunken eyes,

large ears, and, excepting its long tail, bears a great re-

semblance to the human form ; the howling baboon,
which is about the size of a small bull dog, has a long I

black beard, and is chiefly remarkable for assembling
in large crowds, and uttering a most disagreeable howl
or yell, which is continued for a long time, and which
is said to be a sure sign of approaching rain ; and the

saccawinkee, or schacomingky ; sometimes called the

lion monkey, a small and delicate creature, only about Uon mon'
five or six ounces in weight, which perches like a bird kejr.

upon the forefinger, and is frequently brought down to

the plantations by the natives for sale, has a small heiid,

round smooth ears, oval face covered with fine white
hair, a tail much longer than its body, long bushy black

hair, especially around its neck, like the main of a lion,

is extremely susceptible of cold, and though frequently

tamed, seldom lives longer than a few months. The
coatimondi or Drasilian weasel, shaped like a dog, often Coatimondi.

as large as a fox, and resembling that animal in cun-
ning, is a great destroyer of the poultry ; and, equalling

the monkies in the faculty of climbing trees, commits
great ravages among bird nests. One of the most ex-

traordinary animals in Guiana is the great ant-bear. Ant-bear.'

which often weighs from 150 to 200 lbs. and measures
not less than eight feet from the snout to the tip of the

tail. It has a small head, covered with hair as soft as

velvet, and a tail immensely large, flat, and covered

with long hair like that of a horse, and as strong as the

bristles of a hog, with which, during a shower, or when
attacked, or when asleep, he protects his whole body.

His feet are armed with long claws, with which he can

defend .himself against any dog, ami even against the

tiger, and never quits his hold while he has life. He
has a long slender tongue, resembling a worm, some-
times almost two feet in length, ana moistened witli

saliva of a sweetish taste, which he thrusts into the ants'

nests, who settle upon it in crowds, when he draws it

into his mouth, renewing the operation till no more are

to be found. There are found in Guiana the porcu-

pine, the armadillo, the sloth, several kinds ofopossum;

wootl-rats, and hedge-hogs.

There are two kinds of deer, the largest of which, D«r.
called b.ajew, are about the size of an English buck, and
feed in great numbers in the savannahs ; the smaller

species, called wirrebocerra, are remarkably nimble,

have no horns, and make the most delicate venison.

The paccarara, or Indian coney, is common in all parts

of Guiana, and greatly resembles the hare in sliape mid
size ; is very prolific, and easily taken ; and its flesh,

which is much like that of a rabbit, forms a principal

part of the food of the natives. There are several kinds Wild hogt.

of wild hogs in the forests, particularly the pingos, or

warree, resembling small English hogs, found in herds

of 300 or more, running always in a line, and easily

knocked on the head. A larger kind, called eras- pin-

gos, are armed with strong tusks, and, when wounded
or obstructed in their course, become extremely ferix-

cious. But both these kinds ore supposed to be merely
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AmphibiK.

Tapira.

Sea cow.

Alligator.

Laubba.

TSpa.

Papaw.

Alwnia.

the domestic hog of Africa or Europe in a wild state

;

and the only species indigenous in Guiana, is the pic-

carec, or Mexican hog, which is about 3 feet in length,

without either tusks or tail, and is particularly remark-

able, from having on its back, above the hind legs, a ca-

vity about an incli deep, filled with a white fetid fluid,

which, qnless cut out as soon as the animal is killed,

infects the whole flesh, so as render it unfit for being

used as food. They are found in large herds in the

drier and mountainous parts of the country ; and their

flesh is gi-eatly admired by the natives. There is a great

variety of lizards, of which the most remarkable is the

guana, about three feet in length, and generally found

among the shrubs and fruit trees. Its eggs, which
are deposited in the sand, are reckoned excellent food ;

and its flesh particularly is esteemed a great delicacy,

resembling in taste that of a chicken.

The amphibious animals are very abimdant in Gui-

ana ; of which we can only slightly notice the tapira,

resembling tiie hippopotamus, but not larger th.in an

ass, with the head of a horse, and a considerable pro-

longation of the upper lip, excessively thick skin, brist-

ly mane, and short tail, feeds on grass and aquatic

herbs, and its flesh is accounted superior to the finest

ox beef, but it is rarely procured, as the animal is ex-

tremely shy, and plunges into the water upon the least

alarm ; the manatee, or sea cow, about 1 6 feet or more
in length, with a head like that of a hog, nostrils like

an ox, breasts like those of a woman, and a tail like

that of the whale, seldom quits the water entirely, and
its fiesli, which is very fat, tastes much like veal ; the

alligator, or cayman, found sometimes 20 feet in length,

but generally harmless, and even in water seldom at-

tackmg a man, as long as he keeps himself in motion ;

the laubba, which seems to be the same with what
others call the paca, or spotted cavey, or aquatic hare,

is peculiar to this part of the world, about the size of a
sucking pig or large cat, with the head of a pug dog,
extremely fat, and resembles the finest pork, feeds on
herbs and grain, takes refuge in the water when pur-
sued, swimming a long time at a short distance from
the surface, so that it is often shot under water with ar-

rows ; the pipa, a kind of toad or frog, sometimes as
large as an ordinary duck, a creature of a hideous ap-
pearance, covered with a brown shrivelled skin, and
chiefly remarkable for the uncommon loudness of its

voice ; but still more for the peculiar manner of its pro-
pagation, the young being hatched in watery cells on
the back of the female, or, according to others, placed
there by the assistance of the male after they have be-
come tadpoles, and continuing to nestle there till the
second transformation is completetl.

There are many snakes in Guiana, of which the best
known are the rattle-snake, whip-snake, and dipsas

;

the papaw, or ammodytes, a harmless and beautiful
creature, from thrte to five feet in length, which is re-
vered by the natives as a sacred object ; the oroocookoo,
supposed to be the s;ime with the small laboia, the bite
of which has been known to prove fatal in a few mi-
nutes ; and the aboma, an ampliibious animal, delight-
ing in low marshy places, fuund upwards of 20 feet in
length, and said, when fully grown, to be from 30 to
40 feet long, and from ii to -t in circumference at the
thickest part of tlie body. Its bite is not considered as
venomous, and it is a sluggish unwieldy creature, but
seizes Its prey by surprize, and devours deer, hogs, or
even the tyger without difficultv, entangling and crush-
ing them in Its grasp, besmearing them with saHva, and
iwallowing their bodies entire.
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The birds most commonly found in Guiana are the vul-

ture, eagle, owl, falcon, butcher bird ; parrots of various

kinds ; large and beautiful mackaws, some of which are

about the size of a capon, toucan, pelican, wood-pecker,

green sparrow, tiger bird, a kind of heron of a reddish

colour, spotted with black ; flamingo found in flocks on Flamingo

the banks of rivers, and so tame as frequently to mix
with the poultry on the plantations ; agame, or trum-
peter, a kind of turkey peculiar to the country, and
often domesticated ; sim-bird, resembling the English

partridge, and sometimes kept in the houses to destroy

the ants
;
peacock-pheasant, or powese, resembling in

size and flavour an English turkey ; kishee-kishee, about

the size of a sparrow, adorned with most beautiful

plumage, and sometimes brought by the Indians from
tlie interior of the country ; the mocking bird, which
hangs its nest, (about 14 inches in length, and S in cir-

cumference, ) at the extremity of the twigs of the re-

motest branches, as a security from the monkies ; and
the humming bird, which is found here in great num-
ber and variety : the most common of these, of a green
and crimson colour, is not bigger than a large cherry,

and the smallest, of a blaclc and green colour, with a

golden tuft on its head, nearly a third less than the last

mentioned, sometimes weighs little more than 50 grains.

There are bats of a lai'ge size, some of which have been Bais.

found to measure thirty-two inches between the tips

of the extended wings, and which are known to open
the veins in the feet of persons asleep, and to suck the

blood till they are satisfied.

The fish caught on the coast are far from being de- Fi*''-

licate, as the water is extremely muddy for several

leagues from the shore. The most remarkable of the

salt water fish is the low-low, about six inches in length,

and three in circumference ; and the largest of the fresn

water fish is the barroketa, about three feet long, and
two in circumference, resembling a salmon, white, fat,

and delicate. The peri, another fresh water fish, about

IS inches long, and of a flat form, has a large mouth
armed with long sharp teeth, and is said to attack per-

sons when bathing in the rivers. The frog fish is one Frog fish

of the greatest curiosities in Guiana, and is said to pass

by regular gradations, through the form of a frog, a
frog fish, and lastly a fish, but is affirmed by Stedman
to proceed rather in the opposite direction, from a fish

to a frog, and to be probably nothing else than a kind
of tadpole, which grows to a large size before under-
going its usual transformation ; in the fish state, it is

about eight or ten inches long, without scales, and ex-

ceedingly fat and dehcate. The galvanic eel is very
common in the rivers of this country, generally about
three feet in length, and 12 inches in circumference,

though sometimes found ofa much larger size; it comes
frequently to the surface of the water, as if to inhale the

air, and its flesh is esteemed delicate food by the na-
tives. Multitudes of crabs arc found in the bottoms of

the muddy streams ; and a large land crab, much used
as food by the natives, abounds on the banks of the

sea, at the mouth of the rivers.

Insects abound in Guiana in vast numbers, owing to Insect*

the continued warmth of the climate, which both favours

their production, and prolongs their existence ; and
continually flying in the faces, or crawling about the
bodies of the inhabitants, are the most intolerable pest

of the country, especially to new settlers from Europe.
Musquitoes are inconceivably numerous during the •

rainy season, particularly on the coast, and on the banks
of rivers ; and are said to prevail most in places, which
are in a state of progress from a wild to a completely
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cultivated condition. The juice of lemons or limes,

mixed witli water and applied to the skin, is at once

the best remedy for their stings, and a tolerable pre-

servative ap;ain8t their attacks. Cock-roaches are found

from one to two inches in length, which make their

way into chests and boxes, and besides flestroying

cloths of every description, render every kind of vic-

tuals wliich they attack utterly disgusting, by the nau-

seous smell which they leave behind. As this creature

is seldom seen to fly, the best preservative against its

ravages is to place the boxes or trunks upon empty
wine bottles, kept free from dust, so as by their smooth-

ness to rentier its ascent more difficult. Ants of many
diflerent kinds are extremely numerous, and prove very

destructive to the stores, (especially of sugar,) in the

plantations. Their immense nests of black earth, built

on the trunks of the trees, are often so high as to re-

semble large black bears at a distance ; and some of

their hillocks on the ground have been seen as high as

15 or 20 feet, and nearly 100 feet in circumference.

Some of these insects are above an inch in length, and
cause great pain by their bite. A small species, call-

ed the fire-ant, which flies in great numbers, otcasions

a burning sensation resembling that produced by boil-

ing water, supposed to proceed from some venomous
fluid injected into the wound. There are two kinds of

fire-flies, the smallest of which seen only during night,

emits sparks of fire at intervals ; but the larger kind,

which is more than an inch in length, affords so steady

and clear a light, that two or three of them put into

a glass will enable a person to read or write without
difficulty. The bees of Guiana are very small, of a
black colour, and armed with powerful stings ; and one
species, mentioned by Stedman, which builds its nest

in the roofs of houses, is said to attack every stranger

with the greatest fury, \yliile it never molests the regu-

lar occupiers of the habitation in which it has taken

up its abode. The grasi>hop])er tribe is sufficiently nu-
merous ; but two kinds are peculiarly worthy of notice,

one called " the walking leaf,'' from its wings, about
three inches in length, being so folded on its back, as

to give it a close resemblance to a brown leaf; the

other, called in Surinam " Spaanse-iuffer," has a body
about seven inches in length, not thicker than a com-
mon quill ; has no wings, but is mounted like a spider

on six legs, nearly six inches long, and has on its head
four antennie, two of which are about five inches in

length. An enormous and hideous looking spider,

called the bush-spider, is found in the forests ; and is

of such a size, that one of them, when put into a case

bottle eight inches high, actually reached the t«p with

some of its claws, while its feet were resting on the

bottom. It feeds upon all kinds of insects, and is said

even to suck the blood of young birds. Its bite is so

venomous, as to be supposed to prove sometimes fatal,

and always at least occasions a fever. The groe-groe,

or palm-tree worm, about three inches long, and thick

as a man's thumb, of a light yellow colour, with a

black head, breeds in the cabbage tree after it is cut

down, is roasted and eaten as a great delicacy, equal to

the finest marrow ; and sometimes its fat, melted and
clarified, is use<l instead of butter. There are centi-

pedes above six inches in length, which move with
equal rapidity backwards or forwards, and whose bite

is venomous. Scorpions, also, are frequently found
among old trees and rubbish ; but their sting, though
very painful, and apt to occasion fever, is said not to be
mortal.

VOL. Z. FART U.

545
For an account of the native human inhabiunts of (Maa^

this country, we refer to the general dp«criptioii of the >— y ^/
American Indians, given under the article AMRRirA; •'*»''»<••

and shall only notice here, in a cursory manner, Um
particular tribes which occupy the interior of Guiana,
but occasionally visit the European settlement* on the
coast. The chief of these are the Cariba, Accawawa,
Arrowawcs, and Worrows. The Cariba inhabit that c„iw.
part of the coast which lies between the Ei»equib<i and
the Orinoco, and are by far the most numerous, warlike,
and active of the natives. Their stature is taller, their
complexion lighter, and their features more sprightly
and agreeable than those of the other tribes. They are
also more industrious, and, besides the ordinary Indian
occupations of hunting and fishing, they cultivate
fields of plaintains and cassava around their dwellings.
They carry on constant hostilities against the Spaniardu;
but are considered as allies of the Dutch. They fre-
quently go to war also with the other tribes ; and, in
some instances, have been known to devour their ene-
mies slain in battle. The Accawaws inhabit the in- Accswtwi.
lauil districts behind the Caribs, and adjacent to the
sources of the Essequibo, Demerary, and Berbice.
They bear a nearer resemblance in their persons to the
Caribs than the other tribes ; but are more grave in
their aspect and manners, and remarkable for their su-
perior cunning. They are also addicted, more than
any of their neighbours, to the use of poison, both
against their enemies, and those of their own people
who may have done them any injury. The Worrows Worrows.
occupy the coast between Demerary and Surinam, and
are much darker in their colour, disagreeable in their

aspect, and dirty in their habits, than any of the other
thbes. They are said to be extremely pusillanimous
and lazy, scarcely exerting themselves to provide any
other clothing than the bark of trees, or to procure any
better food than crabs and fresh water. The Arro. Arrowawcs.
wawcs reside behind the Worrows, at the back of the
settlements of Surinam and Demerary, and are descri-

bed as the most gentle in manners, lively in temper,
and handsome in person, of all the Indians of Guiana.
They are remarkably friendly to the Europeans, and
peaceable in their intercourse with the other Indian na-
tions. Besides these four tribes, who are most fre-

quently seen at the settlements on the coast, other two
have been mentioned, namely, the Taiiras, residing on Taiirafc

the sea-coast between Surinam and the river Anwzon,
who are said to be extremely numerous, but jjeace-

able and indolent, resembling very much the Worrow
tribe ; and the Piannacotaws, who live far inland, and piaimaco-
are violent enemies to all Europeans, with whom they uws.

obstinately refuse to have any kind of intercourse. It

has long been the policy of tlie Dutch settlements to

cultivate the friendship of these native tribes ; and an
annual sum is expended in purchasing blue cloth,

beads, hatchets, ribbons, and other ornaments and im-
plements as gifts to their Indian neighbours. They
come down to the colonies occasionally in small par-

ties, and make engagements to cut wood, an operation

at which they are remarkably expert ; but they soon

become impatient of the restraint of regular industry

;

and sometimes take their departure suddenly without

any apparent reason. They frequently ap|)eai^ also as

traders, bringing as their merchandize, cotton ham-
mocks, canoes, baskets, wax, balsam of capivi, arnotto,

wild nutmeg, wild cinnamon, parrots, monkeys, ebony,

and other curious woods ; for which they receive, m
return, chequered cloth, fire-arms, gunpowder, hatcli-

3 z
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Gnildford.

Guiana ets, knives, scissars, lookinj»-glasses, fish-hooks, combs,

needles, pins, beads, &c. One of their favourite pur-

chases is rum, which they swallow with eagerness till

they become completely intoxicated ; but it is generally

observed, that one half of the party keep themselves

sober to watch their drunken friends, who afterwards

perform the office of guards in their turn. Sometimes

they bring down the prisoners whom they have taken

in war, and sell them as slaves ; but these captives

serve only for show, as they absolutely refuse to work

;

and, if treated harshly, jiarticularly if beaten, they pine

. and languish, refusing even to takefood, till they finally

die of want or dejection. The native Indians have a

strong dislike of the negroes, whom they regard with

• contempt as an inferior race, and are generally ready to

render assistance to the colonists in suppressing insur-

rections among the slaves, or apprehending the run-

aways. It is strongly recommended that every induce-

ment should be offered to encourage their intercourse

with the settlements; and that fairs should be held, at

certain fixed seasons, for their barter trade, which

might thus be greatly increased to the mutual advan-

tage of both parties.

See Depon's Travels in South America ; Pinckard's

Notes on tlie West Indies ; Bolingbroke's Voynge to the

Uemerary ; Stedman'sNnrrolive oj'ihe Expedition against

the Revolted i\egrors of Surinaiti ; Bancroft's Natural

History ofGuiaiKi ; and Letters to Dr Pilcairn, publish-

ed in 1766. ((/)

GUIDO. See Rheni.
GUILDFORD, a borough and market town ofEng-

land, in Surrey. It is the county town, and is situated

on the side of a considerable chalk hill on the east bank
of the Wey. This river is crossed by a stone bridge of

five arches, which was lately widened with brick, and the

centre arch enlarged to allow bargis to pass. The town
is large and well built, and consists principally of one
excellent and spacious street, which, from the declivity

of its situation, is particularly striking to strangers.

Guildford contains three parish churches. Trinity

church is situated on the top ofthe hill, and on the south

side of the high street. The foundation stone was laid

in 174:0, and it was completed in 176"3. It is a hand-
some brick structure, 82 feet long, and 52^ broad.

The tower, which is also of brick, is about 90 feet

high, and contains eight bells. St Mary's church is a
very rude and ancient building, consisting of chalk,

flint, pebbles, and rubble stones, coarsely put together.

St Nicholas's church, which stands on the west bank
of the Wey, is an ancient building of chalk and stone.

The other public buildings and institutions are the hos-
pital, the free grammar school, the town or guildhall,

the theatre, and the gaol. The hospital, built in I6l9,
is a brick building, inclosing a quadrangular space of
66 feet broatl, and Gi deep, with a noble tower gate,
with four turrets, at its entrance. It was founded by
George Abbot, archbishop of Canterbury, for the main-
tenance of a master, twelve brethren, and eight sisters.

The free grammar school, built of brick and stone, was
built in 1557i and is 65 feet long and 22 broad. The
town or guildhall, is a spacious building, with a turret
on the top. It was erected in 1 6'83, and is 44 feet long.
The hall was formerly used at the assizes; but in 1789,
Lord Onslow and Lord Grantley purchased the Red
Lion Inn, and on one part of the ground erected a room
40 I'eet long, 30 broad, and 20 high, in which the
judges now sit The theatre was built near this room a

few years ago. The gaol, rebuilt of stone in 1765, is Guildford.i

near St Mary's church. There is also here a charity Ouillotiae

school, a Roman Catholic chapel, and meeting houses for
^"^

the Baptists, Presbyterians, and Quakers: a cold bath was
erected at a house near the bridge, by Lord Grantley ia

1 77.5. There is a fine circular race course about two
miles east of the town. A plate of 1(X) guineas, given

by William III. and three subscription plates, exclu-

sive of matches, are run for in Whitsun week. The
castle of Guildford, one of the principal objects in

the town, is situated about 3()0 yards southward of the

high street. The keep is now the chief part that re-

mains. It is a quadrangle 47 feet by 45|, and 70 feet

high. The walls are ten feet thick. On the west side

of the keep may be seen the outer gate of the castle.

The ruins occupy at present about five acres. In the
chalky cliff on which the castle is situated, is a series of
caverns. One of these caverns is 45 feet by 20 wide,
and 9 feet high. This town formerly enjoyed a consider-

able share of the clothing trade ; but a small part of it

only remains. The trade of the place consists chiefljr

in sending timber and corn to London by the Wey, and
in supplying the surrounding villages with their requi-
site merchandize. A direct communication has lately

been made with Brighton and the coast of Sussex by a
turnpike road to Horsham, and a fund has been raised
for joining the river Wey and the Arun, so as to fofln a
navigable line from London to the sea at Little Hamp-
ton.

The town is supplied with water by means of an en-
gine, which discharges it into a reservoir at the foot of
Poyle hill, from which it is carried by pipes to the
houses of the inhabitants.

The following is the population abstract for the
borough for 1811.

Inhabited houses ....... 495
Number of families 596
Families employed in agriculture . . 46
Do. in trade and manufactures . . . 434
Males 1S82
Females 1592
Total population 2974
Increase since 1801 ...... 340

See\\\e Beauties ofEngland and Wales, vol. xiv. p. 251.

GUILLOTINE, is the name of an instrument of
death, invented by Dr Guillotin of Lyons, a member
of the National Assembly of France, and used during
all the horrors of the French revolution. M. Louis, a
celebrated surgeon in Paris, is said to have been re-

warded with 2000 livres for a dissertation on tlie ad-

vantages of the guillotine ; and the inventor himself

sufi'ered death by his own instrument in the reign of

Robespierre.

The hands of the sufferer being tied behind his back,

he is fixed to a plank standing vertically, not reaching

higher than his neck. Tliis plank is suddenly brought

by machinery into a horizontal position, and moved be-

low the loaded axe, which descends with a slanting

edge, and severs the head from the body.

An instrument of a similar kind seems to have been
first used at Halifax in Yorkshire. It was introduced

into Scotland under the name of the Maiden by the

Regent Morton, who accidentally saw it in use when
passing through Halifax ; and one of theee instrunicMts

is still to be seen in Eiiinburgh, in the Mubeum of the

Society of the Antiquaries of Scotland,
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GUINEA.
Guinea.

BounJirics

Mid extent,

Qiain Coast.

Ijuinea, is a maritime district in the south-west part

of Afrii-a, to which vai-ioiiM limits are nssigncd by dif-

ferent nations. 'J'he L)utci» consider it as extending

from Cape Blanco, 21° North Lilt, to Cape Lopez, in

1° South Lat. making Sierra Leona, in 8},' North Lat.

the boundary between North and South (juinea. The
Portuguese include under the general name, the whole
of the coast from Cape Ledo or 'I'agrin, 8^ North 1-at.

to Cape Negro, 16* South Lat. making Cape Lopez the

division between Upper and Lower Guinea. Accord-
ing to the French, (niinea hes betwixt Cabo Monte,

HA" West Long, and Cape Lopez ; and, by the Eng-
lish, the tract between the mouth of the river Gambia,
12 i°, and Cape Palmas, -t" North Lat. is called North
Guinea ; while South Guinea reaches from Cape Pal-

mas to Cape Lopez. By the greater part of geogra-

phers. Upper Guinea is limited to that part ofthe coast

which runs from east to west about 500 leagues, com-
prehending Sierra Leona, Malaguetta, or the Grain
Coast, the Ivory Coast, the Gold Coast, the Slave Coast,

and the kingdom of Benin. Of Lower Guinea, in the

more confined application of the name, extending from
tlie kingdom of Benin to Cape Lopez, very little is

known except the line of coast ; anil we have only to

refer our readers to the map of Africa in this work, for

the names and situations of its principal districts. The
southern division, between Cape Lopez and Caj)e Ne-
gro, has been explored, and occupied chiefly oy the

Portuguese; and its different countries, Angola, Ben-
GUBLA, Congo Proper, and Loanoo, are described un-

der separate articles. It is to Upper Guinea, that our

attention is at present to be directed, and particularly

to that portion of it which is generally denominated
Guinea Proper, comprehending the Ivory, Gold, and

Slave Coasts. Benin has been already noticed ; and
Sierra Leona will form the subject of a tlistinct article.

The interior of the Grain country is very little known,

and its line of coast may be described in a few words.

It is sometimes called the Pepper Coast, and Malaguet-

ta, from the long pepper of that name; but generally

the Grain Coast, from the grain of paradise with which
it abounds. It extends about 100 leagues from Cape
Mesurado to the vicinity of Cape Palmas ; and is in

general low, flat, covered with forests, and watered by
numerous streams. The principal places along tlie

coast, are Rio Junco, or Rio del Punto, about 50 miles

east of Cape Mesurado, a shallow stream, about 500
paces broad at its entrance, flowing through a level and
delightful tract of country, which is inhabited by a

peaceable ajid industrious people, who are principally

employed in making salt and cultivating rice, and who
trade in cotton cloth, sea horse teeth, skins of wild

beasts, and slaves ;—the country of the Foljas, or Pho-
leys, a powerful tribe, who are noted for the superior

elegance of their speech, and whose territories are part-

ly watered by the Junco;—Tabo-Dragon, a large and
populous village on the east bank of the Tabo, or Rio
Corso, where the merchants of Dieppe established a

factory ;—Rio Sestos, about 50 miles from Rio Junco,

said to be navigable by small barks for 25 miles, has

several villages at its mouth and on its banks ; and the

inhabitants, called Quabo-monou, are a pacific and well-

proportioned race, subsisting o.i millet, fruits, and fish;

—Sanguin, BafTa, Setuna, Batoua, Cape Sino, Sestro- Coinca.

krou, Wappo, Great Sestro, &c. all villages along the "'"'Y'"*'

coast, of wnich the la.st mentioned is the most populous,

and most noted for its trade in pepjwr and ivorj', and is

situated near Rio das Escravas. The Grain Coast is

generally bordered with shoals; and its staple commo-
dities are long pepper, leather, ivory, gold-dust, and
slaves.

The Ivory Coast extends about 1 10 leagues from west ivor; Com^
to cast, from Cape Palmas to Cape Apollonia, in a low

strait line, with few bays or islands ; but a foul bot'

tom and high surf prevent vessels from anchoring or

landing upon any part of it with safety. Cape Palmas,

formetl by two hills covered with palms, in 4° S.V North

Lat. and \2' East Long, has a small gulf behind it,

where vessels may be sheltered from the south wind.

Grova, a few miles eastward of Cape Palmas ; Tabo-
Duno, where there is a commodious road for shipping

;

Drevin Petri, a considerable village about 50 leagues

east of Cape Palmas : Giron, on the border of a well-

watered meadow ; L.ahou, a populous town frequented

by Europeans, and abounding in provisions, and from
which, eastward to Cape Apollonia, the coast is com- '

monly called the country of the Quaquas ; Gammo, a

place to which the inhabitants of the interior bring

down their articles of traffic ; Sueiro d'Acosta, where
there is a sniall road for ships ; Issini, where the French
built a fort at the beginning of the 18th century ; As-

soko, about five or six miles from the sea coast, and
said to contain about 1000 inhabitants ; Albiani and
Tabo, environed with plantations of palm trees ; Aka-
ni Mina, in the vicinity of Cape Apollonia, are the prin-

cipal villages on the coast, and most of them are situ-

ated on the borders of rivers. The soil of the lower

and maritime tracts produces cotton, indigo, cocoa nuts,

fruits, rice, and other grain. The chief articles of trade

are gold, ivory, salt, cotton, palm-wine, and oil. All

sorts of tame animals, abound in the country ; and im-

mense numbers of elephants, tigers, panthers, serpents,

&c. are found in the forests. This level coast is boujid-

ed by mountains well covered with wood, and where
the vallies are generally fertile and populous.

The Gold Coast commences a few leagues westward
^^jj Qg^t ,

of Cape Apollonia, and terminates at Rio Volta, an ex-

tent of about 350 miles, lying between 4° W, and 5°

40' of North Lat. and between the meridian and 3"

West Long. Cape Apollonia is low on the coast, but

rises into three hills, covered with trees, and seen from

a great distance at sea. The first fort on the windward
part is Apollonia, about three miles eastward of the

Cape, situated in a spacious plain, which is bounded
towards the interior by a fine lake of fresh water, about

six miles in circumference, and full of fish. In this

lake, a small village is erected on wootlen piles, the in-

habitants of which are said to have been exiles from the

interior, who were not allowed to build upon the land.

Along the whole coast of Apol'onia, the surf is ex-

ceedingly dangerous, and there are no creeks or liar-

bours. This territory or state extends about 100 miles

along the coast, and probably not more than 20 inland.

The next settlement is Axim, which belongs to the

Dutch, and forms part ofthe extensive and fertile coun* •

try of Ahantali. The fort, originally built by the For*. -
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euina. tuguese, and called Fort Anthony, stands up on a pro-
^ ' montory, which forms the western part of Cape Three

Points. The landing is here perfectly safe, and may
be approached by boats in the dry season without any

danger. About four leagues from Fort Anthony is

Fort Fredericksburgh, first erected by tlie Prussians,

but afterwards sold to the Dutcli, and now in ruins.

At three leagues distance is Accoda, another Dutch
settlement ; and three leagues farther is Dix Cove, be-

longing to the British, advantageously situated at the

entrance of a small cove, which is capable of admitting

vessels of 40 tons at high water. Boutry, Taccorary,

and Succondee, all Dutch settlements, lie at the dis-

tance of a few miles from each other ; and the last men-
tioned forms the extremity of the Ahanta country,

which is the richest and best provided with harbours

of all the Gold Coast. It stretches farther inland than

Apollonia, and is bounded by the Warsaw and Din-

kara states. About three leagues from Succondee is

Chamah, where the Dutch have a small fort called Se-

bastian, supposed to have been originally built by the

Portuguese. About eight miles from Chamah, is Com-
menda, where the British and Dutch have settlements

and forts, and where the inhabitants are chiefly employ-
ed in supplying vessels with canoes and canoe men for

trading on the leeward coast. About 9 miles from Com-
menda, is Elmina, the most respectable fortress on the

Gold Coast, and the head-quarters of the Dutch settle-

ments. The town is large, and some of the houses

built of stone. The river admits vessels of 100 tons

at high water, which can unload under the walls of the

castle. The inhabitants consist of traders, fishermen,

and a few mulatto mechanics. The population amounts
to about 1 5,000 ; and a considerable trade is carried on,

particularly in gold and slaves. About 9 miles from
Elmina, is Cape Coast Castle, the principal British fort

and settlement on the Gold Coast. It was built by the

Portuguese, who ceded it to the Dutch, from whom it

was taken in 1665. It has been considerably improved
and strengthened by the African Company ; and the
castle is capable of making a powerful resistance on
the side towards the sea. The town is irregular, and
the houses chiefly built ofclay . The population amounts
to 8000 ; and the trade consists chiefly in gold. The
adjoining country is called Fetu, and is subject to the
Fantee state. During the existence of the slave trade,

the countries from Cape Coast to Acra were the great
centre of that nefarious traffic, which brought a rapid
accumulation of wealth to the native traders in every
town and village, the result of which was a spirit of idle-

ness, licentiousness, and turbulence, which threatened
the overthrow of all order and security in the settle-

ment. About four miles from Cape Coast, is a Dutch
fort called Nassau, situated at a village named Mouree.
About six miles from Mouree, is the British fort Ana-
malwa, the most compact and well built in the country

;

and the town, in its former flourishing state, contain-
ed at least 1.3,000 inhabitants. But it was destroyed in
a war with the Ashantees, a powerful people in the in-
terior ; and the abolition of the slave trade, in which it

formerly bore a principal share, is likely to retard its
re-fstablishment. About three miles from Anamaboa
18 the town of Cormantine, where the Dutch have a fort
called Amsterdam, originally built by the British, and
the first that was erected on the Gold Coast. About
SIX leagues eastward is Tantumquerry, where landing
IS very difficult ; and, nine miles farther, is the district
of Assam, or Apang, where the Dutch have a small

fort, and where the coast is more accessible. About 8 Guinea,

miles from Assam is the town of Winnebah, where "'
."^l

there is a small fort belonging to the British, and where ^°^^ ^°^ *

the landing is generally safe. The town has been re-

duced, by wars and other casualties, from a population

of 4000 to 2000, and was formerly a part of the Agoo-
na country, which has recently fallen under the power
of the Fantees. About three leagues from Winnebah
is the Dutch fort of Berracoe ; and nine leagues farther

west is Acra, where there are settlements of the Bri-

tish, Dutch, and Danes. Acra is an independent state,

which formerly belonged to the kings of Aquaraboe,
but has at present most intercourse with the Ashantees.
It is the most healthy situation on the Gold Coast;
and the inhabitants are more civilized than most oftheir
neighbours. About S'-Z miles from Acra, is a small
British fort named Pram Pram; and 8 miles fartlier, is

the Danish fort of Ningo, around which the country is

level and fertile, abounding in game, and in a large

breed of horned cattle. About 36 miles from Ningo i»

Adda, where there is a Danish fort, and is situated on
the left bank of the Rio Volta, which terminates the
Gold Coast. This river runs nearly north-west and
south-east, separating the countries of Aquamboe and
Aquapim, and is navigable for small craft to the dis-

tance of 100 miles from its mouth. See Acra, Ana-
maboa, and Aquamboe.
The slave coast extends from Rio Volta to Rio Sagos, ui r< ^

which separates it from the kingdom of Benin. It

reaches about 50 leagues from west to east, and contains

the following districts or provinces: Koto, lying be-
tween Rio Volta and Ca|)e Monte, which is a flat, sandy
territory, little frequented. Near Cape Pucalo, is a
village named Quilta, where there is a British fort

;

and at a little distance is Koto, the capital of the coun-
try. Popo or Papa, about 10 leagues in length, be-
tween Cape Monte and Juida, is low and sandy, in

some places marshy, and generally inaccessible on the
coast. At the mouth of the Tari is a village ofthe same
name, and a Dutch factory. Juida or Whidah extend-
ing several leagues, is more fertile and populous than
the districts already noticed ; and at the mouth of one
of its rivers, called Euphrates, is a port where ships

may unload, though not without considerable inconve-
nience from the surf. Near this river, but about two
leagues from the shore, is a populous town named Sabi
or Xavier, where merchants resort. At the mouth of
another river, named Jaquin, are British, Portuguese,
and Dutch settlements, in an island called Gregoi. Ar-
dra extends about 1 5 leagues along the coast, and is a
fertile but insalubrious tract. Foulaon, Assem, Jago,
and Appak are the names of its principal villages.

Whidah and Ardrah have been long subject to the king
of Dahomy, a powerful state in the interior. The prin-
cipal trade of the slave coast consists in salt, palm-oil,

and slaves. See Ardkah and Dahomy.
There are several tracts along the coast of Guinea of Aspect of T

a sandy and sterile nature, without any other trees than thecountrjjb

the palm ; but the general appearance of the country
from the sea is that of an immense forest, with a few
high grounds covered with lofty trees, and the thickest

underwood. Many of the vallies are richly planted,

and extensive plains may be seen, beautifully studded
with natural clumps of trees and bushes. In the more
inland parts, where the moisture is more abundant than
on the coast, the woods are almost impenetrable, on ac-

count of their luxuriant growth ; and the surface of
the ground is completely concealed by shrubs and

ft
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herbs. The rivers generally run in a very winding di-

rection, and in some places overflow their banks during

the wi't season, forming large stagnant ponds.

Tlie soil varies considerably along the coast, from a

light sand or gravel, to a fine black mould and loamy

clay ; but it is more uniformly rich and productive to-

wards tlie interior of the country. For the space of

six or fight miles from the sea may be found soil of

every description, suited to every kind of cultivation.

The clim,ite is not to hot .-is in many other parts of

Africa, nearer the tropics ; and it is generally observed

that tiie countries on the equator, from i\\e to six de-

grees on either side of it, are the most temperate in the

tropical regions of Africa. The temperature is found

in tliefC countries to be affected, not merely by the la-

titude, but by various other causes ; and is always cool-

er where the soil is good, cultivation extensive, and the

country open, with high lands in the vicinity. At
Cape Coast, thouijh accounted the hottest situation on
the Gold Coast, the thermometer i-i usually, during ths
hottest months, from 85 to 90 degrees of FniircrTheit.

At Winnebah and \cra, it is seldom known to exceed
87 ; and, during the months of June, July, August, not
Ijiglier than 78 degrees.

The seasons, as in other tropical countries, may be
distinguished into wet and dry ; or rather into two wet
and one dry period. The first wet seasoi\ commences
in the end of May, or beginning ofJune, when the rains

fall with great violence, and without intermission for

several days. Strong breezes commonly follow this first

deluge, and the rains are seldom very heavy during the

remainder of the wet .season, which terminates with
the month of July. Then begins the foggy season,

which is extremely unhealthy, especially in low, swampy,
or woody situations, and continues for two or three

weeks. About the month of October, the second rainy

season begins ; but the rains do not fall with so much
violence as the first, nor are they succeeded by mists and
foggy weather. The dry season begins with Novem-
ber, and continues during the remainder of the year to

the month of May ; but, in the course of this perio<l,

the coast is visited with violent storms of wind, gene-

rally denominated tornadoes and harmattans. Torna-

does * commonly commence in March, and cease with
the beginning of the first rains; but sometimes blow
before or after the second rains or preceding a har-

niattan. They invariably come from the eastward, and
are generally experienced a day or two after the full

and change of the moon. Their approach is sufliciently

indicated by vivid and successive flashes of lightning in

the east, attended with thunder and heavy clouds, and
by the clear and bluish appearance of the horizon.

Their nearer approach is announced by the darkening

of the horizon, especially in the eastern hemisj)here,

the increase of the lightning, and, finally, as an im-

mediate prelude to the tempest, by a solemn stillness

and entire calm in the lower part of the atmosphere,

while the upper regions appear in dreadful commo-
tion. A gentle air is then perceive<l, which is almost

instantaneously succeeded by violent gusts of wind,
usually accompanied with rain ; and seldom continuing

above halfan hour or fifty minutes. Tremendous peals

of thunder, and torrents of rain, for the sjiace of two
or more hours, terminate the storm. During its con-

tinuance, the thermometer suffers a rapid depression of

five degrees or more ; the air it subsequently cooled, GuinM.

vegetation rcfrethed, and the human constitution invi- """V""'
gorate<l. A harmattan t is an easterly wind, which
prevails in the months of December, .January, and Fe-
bruary, along the coast from Ca|je \'crd and C'a|)e Lo.
pez. It comes on indiscriminately at any time of the
day, or of the tide, or of the moon ; and continues,
sometimes one or two days, sometimes five or six, and
sometimes even fifteen or sixteen. It is always ac-
companied by a fog or haze, which occasions a con-
siderable obscurity, and renders the sun, which ap-
pears only a few hours about ncwn, of a mild red co-
lour. Extreme dryness is another attcndaut of a har-
mattan, and, during its continuance, no moisture iB

perceived in the atmosphere, or any falling of dew
on the earth. All vegetation is checked, and the Hior*
tender plants are completely destroyci'i. The grass be-
comes like hay, and the rnost vigorous ever-grecns droop
under iti iiiiiuence. Its parching effects are severely
telt on the external parts of the body, pjtrticularly the
eyes, nostrils, lips, and palate, which become dry and
uneasy. Drink is often required, not so much to
quench thirst, as to remove a painful aridity in the
fauces ; and, though the air is cool, a troublesome sen-
sation of prickly heat is felt on the skin. If the wind
should continue for four or five days, the scarf-skin

generally peels off from the hands and face, and even
from the whole of the body. Notwithstanding these

disagreeable effects, it is found, on the coast of Guinea,
to be highly conducive to health, restoring persons la-

bouring under dysenteries, fevers, or any debilita*

ting evacuations, arresting the progress of epidemics,

and apparently preventing even the artificial communi-
cation of infection. ^
The principal vegetable pro<luctions of the coast of Ve«uible

Guinea, are maize, millet, rice, yams, cassada, potatoes, productiocSt

l)ulse, ])lantains, guavas, bananas, chillees, &c. The
sugar cane grows spontaneously, to a tolerable size

;

and the cotton shrub is found in a wild state. The in-

digo plant is common in many parts of the coast ; and
black pepper has been discovered in the inland districts.

European cabbage and eschallots are cultivated in some
places ; and a mucilaginous vegetable, called encrumah,
the same as the ockra of the West Indies, {tieluscus es-

culenliis,) is very plentiful in the country. Besides the

ordinary tropical fruits, there is one of a very nutritioiu

nature, called eiilernba, which is much used, and is

about the shape and size of the largest onions. The
silk-cotton tree i.s found in every part of the coast, and
grows to a majestic size, so as to furnish excellent ma-
terials for the formation of canoes. There is a great

variety of useful timber in the country, but the palm-
tree is the most profitable to the natives. Of the leaf

they make rope, thread, nets, fishing lines, Ike. From
the fruit tliey express an oil of great delicacy, which is

used in all their dishes, and, when eaten fresh, is equal

to excellent butter. The kernel contains a hard pulpy
substance, which is sometimes roasted and eaten by the

women, as promoting corpulency. From the trunk of

the tallest species, which sometimes reach 100 feet ill

height, they draw an intoxicating liquid which they
call palm-wine, and which is procured by inserting a

reed into a hole at the top of the tree, through which
the liquor flows into an earthen pot. A similar liquid,

of a more agreeable flavour, and less intoxicating qua-

•1

• The name tornaiot is supposed to be a corruption of the Portuguese word Irtvado, a thunder storm.

+ Supposed to be a Fantee word, pronounced hy the natives hurmanta, and said by them to signiry a cold dry wind.

X It appears to be the same Itiad of wind as the $aBaMtl of Egypt, and the tirocco of the Mediterraneau.
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Guinea, lity, is procured from the low-palm ; but, in order to

'*-'V~' procure it, the tree is generally dug up, and the trunk

heated by fire, that the juice may flow more abundant-

ly. This wine is drunli in a state of effervescence, and

will not keep above a few hours.

Minerals. The mountains of Guinea, as far as they have been

examined, are in general granitic and schistous, and

are filled with mines of gold and iron. The latter of

these metals is little known to the natives, and Euro-

peans have not thought it their interest to instruct

them in the subject; but the first has been sought

from time immemorial, and is likely to become a still

more exteneive object of traffic, in proportion as the ex-

Gold mines, portation of human beings shall cease. Gold is found

in these mountains in a primitive state, between two

wild state are extremely various; and the smaller

birds, particularly, are remarkable for the beauty of

their plumage. The lakes and rivers abound with mul-
let and other kinds of fish ; oysters and prawns are

plentiful in some places ; and turtles are not uncom-
mon. There is a variety of excellent fish on the coast,

which is procured in abundance, during the dry season,

when the surf is least violent.

There are several distinct nations along the coast of
Guinea ; but their general customs are so extremely
similar, that they may be described as one people.

The most powerfid tribes are foiuid in the interior of
the country, and they are, in many respects, superior

to those who inhabit the maritime districts. The two
most extensive of these kingdoms are Dahomy (see Da-

Nativii

Animala.

layers of a granite, finer, more solid, and more highly homy) and Ashantee, both of which have made their

coloured than the rest of the rock ; but the natives, power at times severely felt on the coast. The former

unacquainted with the art of miiiing, and unprovided is described in a preceding article ; but very little was

with proper tools for the purpose, have never attempt.

ed to work it in these places. They confine their ope-

rations to digging at the base of the mountains, where

the schistous beds and banks of granite are more fria-

ble, and washing the sands in the beds of rivers and

water courses at the bottom of the hills, when the rain

water has run off. In digging, they work downwards,

as if forming a well ; or sometimes make a ditch about

20 or 30 feet deep, till they become alarmed for the

crumbling down of tiie earth. They generally begin

to find the gold at tlie depth of three feet; and, as they

advance in the work, put the lumps of the metal into

pouches which are fixed round their waists. Pieces are

sometimes found of a considerable size, and the king of

Ashantee is said to possess a lump of native gold, so

large that four men are required to lift it. The earth,

which is thrown out in the course of the digging, is

laid in heaps at the side of the pit, and is cai-ried by
other labourers, chiefly women and children, to the

nearest river, where it is washed in bags or wooden
l|)owls, and the particles of gold afterwards separated

from the heavier parts, which remain in the vessel.

This ore is sometimes so rich, that a y)iece of it, weigh-
ing four or five ounces, has been known, wlien pound-
ed and washed, to produce about four pennyweights of
gold dust ; and the general fertility of the mines may
be estimated from the circumstance of the slaves cm-
ployed by the king of Ashantee in 1790, engaging to

supply him with half an ounce a-day for each labourer.

The gold-finders, who wash the sands on the banks of
rivers, and the sea-shore, are less successful in their re-

searches, and it is generally the women only who are

thus employed ; but this precious metal, it is sufficiently

ascertained, is very abundant in the interior of the coun-
try, and the mines may be considered as still virgin
mines.

The animals of Guinea are numerous, but only such
as are common to the western coast of Africa. The or-

dinary domestic animals, dogs, cats, sheep, goats, and
hogs, are plentiful in most places ; and poultry, parti-

cularly, is found in great abundance. I'here are horn-
ed cattle in some j)arts of the coast, especially in Apol-
lonia, but only in the possession of the chiefs. The
wild animals are buffaloes, tiger cats, leopards, hyaenas,
jackals, antbears, porcupines, monkeys, deer, hares,
squirrels, musk-cats, alUgators, lizards, land-crabs, cha-

known of the latter, till its king appeared on the coast,

in a war against the Fantees in 1807 ; when the dis-

cipline and bravery of the army, and the order and re-

gularity of the court, evinced a considerable degree of
civilization. The following account of an interview

between the governor of the British fort at Annamaboe
and the king may furnish some idea of this people.
" The governor was obligetl to visit each man of rank,

before he could be received by the king ; a ceremony
that could not be prudently denied, and whicli occupied
some time ; for those men had their several courts, and
collectively had formed an extensive circle. Every
one of them was seated under a huge umbrella, sur-

rounded by attendants and guards, with young persons

employed in fanning the air, and dispersing the flies."

" After the ceremony of visiting those persons was
over, the governor was conducted towards the king,

who was surrounded by a number of attendants, whose
appearance bore evident marks of riches and authority.

Chairs, stools, axes, swords, flutes, message-cancs, &c.
were either of solid gold, or richly adorned with that

metal. Those dazzling appearances, added to damask,
taffety, and other rich dresses, gave a splendour to the

scene, highly interesting. When the governor ap-

proached the king, and when an interchange of com-
pliments had passed, the air resounded with the noise

of musical instruments, such as drums, honis, and
flutes. After some conversation, during which much
politeness was observed in the behaviour of the king,

the governor wished this ceremonial visit to be return-

ed, &c.—The king was of the middle size, well-form-

ed, and perfectly black, with reguhu- features, and an

open and pleasing countenance. His manner indi-

cated understanding, and was adorned with graceful-

ness ; and in all respects lie exceeded the expectations

of every person. His dress was plain ; it consisted of !

J

a piece of silk wrapt loosely about him ; a wreath of
j

,

green silk ornamented his head ; his sandals were neatly •

made, and curiously studded with gold. He was not

distinguished by any gold ornaments as his attendants

were." *

The kingdoms along the coast are considerably Gofrftntel

different in respect of government. Among some and la»| •

tribes, as in ApoUonia and the Slave Coast, it is
I

,

absolute monarchy ; in others, as in the Ahanta coun-

try, a kind of aristocracy ; and io jthers, as among
meleons, guanos, scorpions, centipedes, and a variety of the Fantees, it consists of a variety of forms, accord-

snakes. The hippopotamus is occasionally seen on the ing to some of which the power is lodged in the

banks of the river Volta. The feathered tribe in a hands of the community at large, as in a democracy;

* Meredith's Account of the Gold Coast.

i^
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and in others, as in Acra, it is a mixture of aristocracy

' and demoiTacy. In this hist mentioned country, the

inliabitants of different states are known to unite occa-

sionally for general safety under the absolute command
of indivi(hials, as in a dictatorship; and, when the dan-

ger is past, to revert to their accustomed forms of go-

vernment. The laws consequently differ considerably

in the form of administration, according to the nature

of the government ; but. during the continuance of the

slave trade, the most trifling offence was every where
examineil with the utmost strictness, and almost every

punishment was commuted into slavery. The prevail-

ing penalties are fines, or servitude, which are almost

the same punishment, as every convict, if unable to pay
his fine, becomes a slave. Even murder, tliough by
law generally punishable with death, may be compen-
sated bj' the payment of seven slaves, or their value;

but if the person murdered should have- been of any
consequence or authority, the law of retaliation is en-

forced, and much bloodshed ensues. In the Fantee

country the laws are more rigorous than in any other

part of the coast. If any person be detected in the act

of committing the most trifling theft, he forfeits his

freedom ; and if the article stolen should be valuable,

his family becomes involve<l in his fate. If any one,

either by accident or design, should kill a hog, a goat,

even a hen, or any other animal which is the property

of another, he loses his liberty, unless he can soften the

injured party by presents. The law against witchcraft

is peculiarly severe, and extends to all under the same
roof with the offender, as they are supposed to possess

some portion of the evil influence ; but, since the abo-

lition of the slave traflic, few convictions of this kind

have taken place, and the rigour of the laws respecting

trifling offences has begun to relax. Another oppres-

sive law, peculiar to the Fantee country, deserves to be
noticed, chiefly as demonstrating the baneful effects of

the same odious trade in human beings. If a person

become involved in debt, and was either unable or un-

willing to pay, the creditor was at liberty to " panyar,"

that is, to seize and confine any person or persons be-

longing to the family, or the town, or even the country

of the debtor ; and these captives, if opportunity offer-

ed, were sold as slaves without any delay or ceremony.

During the time of the slave trade, this custom was
often practised under false pretexts of debts or offences,

and many innocent persons forcibly seized, and in-

stantly sold by private individuals, without any possi-

bility of redress.

In the monarchical state of Apollonia, the right of

succession devolves on the son of the king's sister. The
reigning sovereign is the sole administrator of justice;

and passes sentence without the advice of any of his

subjects ; but, if the accused be a person of rank, he
generally receives a message requiring him to prove his

innocence by the ordeal. This consists in swallowing
a portion ofa certain bark, accounted poisonous, which,
if rejected from the stomach, is a token of innocence,

but if retained, (in which case it commonly proves fa-

tal, ) it is an evidence of guilt. In the more mixed
goveriunents, as in the Fantee country, the admini.'tra-

tion of justice and of public affairs resides principally in

the pynins or elders, who are elected by the public voice,

and sometimes succeetl by hereditary right. They are

the oracles of the laws, which they commit to memory
withextraordinary correctness; and, in the trial ofcauses,
they act at once as judges and jurors. They assemble
their courts in the market-place, where both parties are

attentively heard, witnesses regularly examined, and sen<

tencc duly pronounced. They have a share in all fines r.uin«».

and forfeitures, and generally receive a present of rum "'»•"
when any cause of importance is brought In-fore them.
If the condemned party think himHclf aggrieved, he
may appeal to the elders of another town or district,

and sometimes to the governor of the neighbouring
European fort. The natives are said to plead their

causes with much ability, and to accompany their

words with suitable and energetic gesture. In con-
sequence of the strictness of the laws, crimes are ex-
tremely rare ; but, during the prevalence of the slave

trade, when fal.se accusations and false witnesses abound-
ed, condemnations occurred every d.iy. But, though
the natives rarely commit thefts agnin.st the property
of their countrymen, every thing belonging to a white
man is considered as a fair object of plunder. In cases
of slander or evil speaking, a peculiar trial, called
" brandeeing," is instituted between the parties. The
injured person repairs to the market-place with a por-
tion of spirits, and invites his accuser to make good his

assertions, who is obliged to produce an equal quantity
of liquor before he can obtain a bearing. The person
found guilty is required to make a pecuniary comi)en-
sation to the other ; and the spirits, which in the case

of wealthy individuals sometimes exceed a hundred
gallons, go to the elders, and the friends of the person
who is acquitted.

The religion of the natives of Guinea is not easily Rdigi*^
described. They have some notion of a Supreme Be-
ing ; but their worship consists in a mass of strange

and unmeaning superstitions, of which they do not at-

tempt to give any account. They do not generally en-
gage in any external worship ; and though, on certain

days, they abstain from their ordinary emj)loyments,

they have no reason to assign, except that it has been
the custom In some places there is an annual sacri-

fice of a deer to the divinity. They seem to hold the

moon in greater veneration than the sun, and welcome
her appearance with great rejoicings. Their sj-stem of
belief, however, is little else than a constant fear ofsome
malignant influence, and a superstitious confidence in

certain charms to avert the dreaded evil. Their object

of worship, whatever it be, bears the undefinable name
of Fetish, a word which some suppose to be derived

from the Portuguesey^/wcAo, witchcraft ; but which is

applied with great latitude to any thing sacred, prohi-

bited, unlucky, or unaccountable, and is considered as

equivalent to the " Obi" of the West Indies, perhaps

also to the " taboo" of the South Sea islands. In Acra,

the principal image, or deity, is a large mass of so-

lid gold in the form of a human head. In the Fantee

capital, Abrah_, their chief object of adoration, is deno-

minated, Woorah, woorah ! .Agah, nannah ! that is.

Master, master ! Father of all ! But every town or vil-

lage has its own favourite idol, and even in every house

is some object emblematic of a divinity. The Fetish-

men or women, who are considered as alone possessed

of any knowledge, are not only the priests, but also the

lawyers and physicians of the country. They are sup-

posed to have communications witli the demon or Fe-

tish, and to be able to instruct their votaries in every

case of actual or apprehendetl evil. Their good offices

must be procured by presents, which are ofVen of con-

siderable value, and are appropriated to their own use.

They are usually connected with persons in power, and

are frequently useful in enforcing the authority of the

laws. Where there is no monarch, and the government

is lodged in the community, these persons assume great

consequence, and render it hacardoua for any one t«

{
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Men. Women.

Quashie Aquishervah
Cudjoe Adjuah
Quabino Abinabah
Quacoe Eccoah
Quow Abbah
Couffee Effuah

Quamina Ambah.

Guinea. withstand their influence, or to be guilty of any ne-

S""^'''''^ gleet towards the Fetish.
l.«ngu»ges.

There are innumerable languages and dialects along

the -whole of the west coast of Africa ; but the most

prevalent in Guinea is the Fantee, which is understood

firom Apollonia to Acra, and to a considerable dis-

tance inland. It is soft and harmonious ; but has never

been reduced to writing. The following specimen

gives the proper names of men and women, according

to the day of the week on which they were born.

Days of the week.

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

Character of The natives of the coast of Guinea are in general ex-
the natives, tremely similar in their physical qualities, and in their

prevailing customs ; but differ considerably in their

dispositions and morals. The diversity in this respect

is ascribed, with sufficient probability, to their inter-

course with Europeans, and especially to the degree in

whicii they engage in the slave trade ; but seems also

to arise partly from the form and character of the na-

tive governments. In most of the districts they are tall,

well formed, with the usual negro features, thick lips,

and flat noses. On the Grain Coast, especially in tlie

western parts, they are mild, peaceable, honest, and in-

dustrious; but on the Ivory Coast they have become
deceitful and crueL In Apollonia, they are extremely
courteous, hospitable, and brave ; but generally reser-

ved in their manners, a circumstance which has been
attributed more to the despotic form of their govern-
ment than their natural disposition. In the Ahantah
country, they are friendly in their manners, and more
free in conversation than the Apollonians, but less hos-

pitable and courteous. The people of Chamah and
Commenda are very turbulent and ferocious, addicted
to frequent quarrels, and much inclined to maltreat
Europeans. Those of Elmina have generally been
found to be civil and peaceable ; but some recent in-

stances have occurred of their ferocity when roused by
provocation. The Fantees are generally an indolent,
ferocious, and faithless people ; and their petty chiefs

are extremely avaricious and deceitful, watching every
opportunity to gratify their vicious passions. The
natives of the Agonna country, especially around VVin-
nebah, have long been noted for every species of licen-
tiousness, living entirely by plunder, and displaying a
degree of ferocity unparalleled in any other part ofthe
coast. In Acra and Adampe. the inhabitants are re-

markably indolent, addicted to drunkenness, and full

of deceit ; but those of Acra have been considerably
improved by their intercourse with tlie Ashantees, a
powerful people in the interior, already mentioned,
and who manifest a greater attention to the rules of de-
cency and morality than any other tribe yet discover-
ed in the country.

" Notwithstanding some years acquaintance with the
natives," (says Mr Meredith, referr'nir principally to
the Gold Coast,) '• I find it no easy maU,;r to lay down
their true character ; for they appear to us in a variety
of forms, according to the nature of our intercourse
With them, and to their employment Those persons
Vho are indifferent to exceed a further intimacy with

Europeans, than an interchange of commodities will ad-

mit of, are to be viewed in the true light of peddling '

traders. When there is a prospect of a good bargain

to be obtained, every species of low cunning and mer-
cenary artifice is practised to agquire it. They accom-
modate themselves with much ingenuity and facility

to our humours and fancies ; every attitude, every ex-

pression, is carefully recommended by flexibility and
supplication; yet they carefully avoid (showing) too

great a desire of obtaining what would turn out pro-

fitable or advantageous to them ; and, when they know
that their wishes are not to be gratified as easily as was
expected, disappointment is carefully concealed, and a
seeming indifference is preserved in their behaviour."—
" They may be justly pronounced as possessing all the
chicanery inseparable from their calling, and are not
readily outwitted. Those who gain a livelihood by
fishing, are a laborious people ; and our knowledge of
them extends a little further than of the trader, be-

cause they are employed frequently by us as canoe-

men and labourers. When thus employed, they per-

form their duty with cheerfulness ; and, if encouraged,

will go through a vast deal of labonr ; but they must
be treated with exactness and punctuality. When they
call for any customary allowance, or for payment, they
do not like to be put off, and expect that their labour

should meet with its instant reward. If they be not

punctually attended to, they become neglectful, and
inattentive to the interest of their employer. They are

much addicted to that vice (theft), which prevails in al-

most every part of the world, and are very expert in

the practice of it, particularly as to small articles which
they can easily conceal. Men who follow an agricul-

tural life, and who chiefly inhabit the inland parts, will

be found more uniform in their conduct than the tra-

ders or fishermen. To consider them in a general

view, and to make allowances for the failings attached

to the uncivilized part of mankind, tliey may be consi-

dered a well-meaning set of men. They are divested

of that low cunning and deceitful artifice, known and
practised by those who gain a livelihood by a more in-

timate connection with Europeans. They possess no
small share of honesty, sincerity, and benevolence ; and
are strangers to the corrupt and licentious conduct

plainly to be seen among the inhabitants of the water

side."—" The natives of the sea coast, from a more im-

mediate connection with Europeans we shoidd suppose,

are more inclined to industry than those inland ; but

it will be found that real industry prevails more uni-

formly inland, and vice is less encour.Hged. Every per-

son on the coast appears very diligent m acquiring the

profits of his occupation ; but profligacy, drunkenness,

and debauchery, are practised to a pernicious extent.''

Young persons of both sexes generally go naked till ^
the age of puberty, (which takes place in males at the ^""
age of twelve, and in females at ten,) except a girdle toms.

about the loins, with a small slip of cloth affixed to it

for the sake of decency. The dress of both sexes is
jj^^^,

nearly alike, and consists in a piece of cloth, about four

yards long and two broad, wrapped loosely around

them ; but, when engag(-d in any occupation, part of it

is folded about the loins, and the remainder hanging

down, covers the lower part of the body. The more

wealthy, especially when they travel, are provided with

hats, and sometimes with sandals. The women generally

have their breasts uncovered ; and their garment is fas-

tened round their middle by a girdle or zone called tom-

bah, which is supported behind by folds ofcloth, forming I

a protuberance, in proportion to the age and rank of the
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wearer. Women of quality have likewise n number of
silver keys suspended by a rinjf to the front of tlie jjirdle.

The women also wear bracelets and neoklaces of gold

and boatU, and frequently ovjil brass riiij^s on their an-

kles. Both sexes are remarkably attentive to the deco-

ration of tiieir heads, and cut the liair with great nicety

and taste. Some of tlie men allow the hair to grow on
tlie chin, and occasionally wear whiskers and musta-

ches. The ohl men shave the whole of the head, leav-

ing only one or two locks behind, to which they com-
monly keep a piece of gold suspended. The Fantees

are distinguished from the other natives by small scjui-

fications on the upper part of the cheek bones, and on
the back of the neck. Both the men and women among
this tribe are remarkably cleanly, and generally wash
their whole botlies twice a day. The Fetish men, es-

pecially in Acra, are habited in white, a colour which
IS held in great veneration in all p.irts of the country,

as emblematic of purity and perfection. The principal

article of food in the Fantee country is bread, which is

unleavened, and made of maize or Indian com. In all

their dishes, pepper is a necessary ingredient. Their
chief mess consists of fish or poultrj' made into soup,

with fresh palm oil, pepper, salt, and eschallots ; and
with this high-seasoned dish they eat bread,or yams and
plantains made into a pudding. The men and women
generally eat separately ; and seat themselves in small

parties round a bowl of soup, into which they alter-

nately dip some bread or pudding. They do not drink

during their meals ; but, after finishing the repast,

sometimes indulge freely in the use of palm wine or

spirits. The houses are commonly made of bamboo,
and jilaistered with a strong loamy clay, with which
also the floors are laid. The towns and villages are

generally surrounded Ijy a strong fence of bamboo cane,

as a protection against wild beasts.

Arts and manufactures are in a very low state among
the natives. They make canoes, baskets, mats, bills,

hoes, fishing nets, hooks, lines, &c. and some of them
work as masons and carpenters. The women, who are

literally the slaves of the men, pei-form most of the la-

borious offices, such as grinding com, procuring food

and w.-iter, every thing in short except fishing and
planting. In the Ahantah country particularly, the

people are much inclined to agriculture, which is in a
very rude and defective state ; but, in many of the ma-
ritime villages, besides acting as fishermen, they used to

procure their subsistence, in a great measure, by hiring

themselves as canoe men to the slave ships bound to

the leeward coast. Their canoes are of various sizes,

requiring from 3 to 21 oars, or rather paddles; and
some of the larger have a platform in the bottom, with

an awning erected over the fore part of the deck, for

the slielter of the passengers. 'I'hesc canoes are made of

the trunks of the silk cotton tree, shaped and hollowed

by a very simple iron instrument like a large chisel,

answering either as axe or adze, according to the form
of its handle. The wood of these trees, especially when
green, is soft, and easily worked ; when dry, almost as

light as cork ; and sometimes large enough to make a

canoe paddled by twenty men, and carrying four pun-
cheons of liquor. Those who are acquainted with the

management of these canoes, conduct them through the

high surf on the coast with great dexterity. On com-
ing ashore, they watch the sea when on the point of

breaking, and betake themselves to steering, by keep-
ing the flat part of the paddle parallel to the canoe, and
giving it a quick motion, moving it nearly at right an-
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glcs with the canoe ; and, when it i< on the summit of Cuintn.

the wave ^yhich is ready to break, thin quick motion in
""^^^^^

discontinued, the paddle kept firmly in a parallel poii-
tion, and the canoe, steadily Ixilanced and dirccte<l in a
straight course, flics on shore with amazing velocity.

In travelling by land, Europeans make une ofa large
TrtTeJlin

cotton hammock, which is slung from a bamboo pole
"*"

about nine feet long, and covered by a cloth in such a
manner, that the person carried in it may either sit up
or lie down. For a distiuice of 25 or .TO miles, this con-
veyance requires si.x or eight bojrcrs, two of whom
carry it by turns ; and, if well sunplied with rum, will
travel at the rate of five miles an liour. When a party
of Europeans travelling in this way arrive at a town or
village, they are met by the men in their war dresaea,
jumping and firing their musket-s heavily loaded with
powder almost in the faces of the visitors ; a ceremony
which is not without hazard, from the occasional burst-

ing of the pieces, and which it it necessary neverthe-
less to requite by a present of liquor and gunpowder.
The recreations of the younger part of the peojile con- Amute-

sist chiefly in dancing and singing ; and they are in »«"••

most places fond of music. Their instruments consist

of drums of various forma and sizes ; horns made of the
tusks of young elephants, and sounding like a bugle

;

and flutes made of a large reed, about four feet in

length, open at both ends, and producing a sofl and
plaintive note.

Polygamy jjrevails in every part of the . coast, and Marriage*,

every man may have as many wives as he can main-
tain J but the first wife has the sole management of
the domestic affairs within the house, besides acting

as a watch over the fidelity of the rest. Mothers have
the entire disposal of their daughters in marriage, and
their consent must be procured by presents. Af\er
the payment of a certain sum, which is regulated by
custom, the young woman is dressed according to her
rank with rich cloths, valuable beads and omament-s of
gold ; and conducted by the female relatives to the

house of her husband, where she is formally received

by his relations and friends. On the following day she

receives visits, and must continue to appear in her wed-
ding dress for a week.
The Fantees, and most of the other tribes, bury their Funerals.

dead within their houses ; and they arc very reluctant to

leave the spot where their relatives are interred. Ifany
one die in a state ofinsolvency, his body does not receive

the rites of burial till his debts are discharged j and
the corpses of persons guilty of suicide are bumed,
unless a considerable sum be paid to the elders for

permission to commit them to the earth. In Apol-
lonia funerals are in general solemnized by a mix-
ture of condoling and carousing; and every friend of

the deceased contributes something expressive of re-

gard for his memory. Cloth, spirits, and gunpowder,
are lavished on these occasions ; and, till the botly be

deposited in the ground, there is a continual succession

of dances, songs, volleys of guns, and lamentable ex-

clamations. These customary revellings, however, are

performed by persons hired for the purpose, and, after

the interment, the habitation of tlie deceased exhibits

sufficient tokens of real affliction. The dead body is

exposed for several days to public view, decorated widi

ornaments and valuable articles; and, when buried,

gold, rich cloths, and other things of value, are put in-

to the grave. At the funeral of any person of eminence,

some of his slaves, generally the old and infirm, are

offered in sacrifice. " In the year 1800," spvs Mr Me>.
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Guinea, reclith, " when a king of Apollonia died, one or two
'— y ""^ human beings were sacrificed every Saturday, until the

grand ceremony took place, which did not happen till

six months after his decease. On that occasion, up-

wards of fifty persons were sacrificed, and two of his

youngest wives were put into the grave. The lid of

the coffin was covered with human blood, and gold

dust sprinkled upon it, and much gold and rich cloths

were deposited in the grave.

The diseases incident to the natives of Guinea are,

leprosy, which is greatly dreaded, and generally con-

sidered incurable ; though, in its milder form, and

•when early attended to, it is sometimes removed. It

is in some places supposed to be contagious, and the

sufferers are excluded from society. The natives em-

ploy chiefly vesicating and excoriating substances in

the milder cases. Yaws, appearing in white crusted

spots on the skin, not a common but a very infectious

disep-se, and though repressed for a time, is never ra-

dically cured. Elephantiasis, an enormous hard swel-

ling of the legs, which is also incurable. Smallpox,

which causes great ravages wherever it appears, and to

which the natives in general apply no remedy ; but, in

some parts of the coast, inoculation is practised, and

the puncture usually made at the wrist. Guinea-worm,

peculiar to the sea coast, and supposed to be occasioned

by drinking water full of animalculse, as it is seldom

experienced in places provided with good water. It is

considered by others as rather produced by absorption

through the pores of the skin, as persons are known to

receive it by going to the pools for water, and by in-

fection from others. The legs are the most common
seat of the disease, though occasionally it has appeared

in other parts of the body. The worm itself appears

110 bigger than a large woollen thread, of a whitish co-

lour, and rather flattened in its form ; but some have
been extracted above thirteen feet in length. Much
pain is felt before it protrudes through the skin, and an
inflammatory tumour is produced, through which the
creature makes its appearance. The natives then ap-

ply a slip of wood to the sore ; and, when the worm
comes in contact with it, they carefully turn it round,
so as to wind the worm upon it, leaving it suspended
in this situation, that the weight may draw it out more
speedily. If the animal is broken, the part remaining
in the flesh generally recedes, and may not reappear for

months ; and, unless properly managed, much pain and
dangerous sores are often the consequence.— Enlarged
scrotum, supposed to be caused by an immoderate use
of palm wine.—Dysentery, which the natives treat

with great success, by administering drastic purgatives,
followed by stimulating astringent clysters, making
use of suppositories, keeping the patient warm, and
frequently imbrocating the loins and belly with a com-
position of pepper,—Ophthalmia, which though not
common, is troublesome at some seasons, but chiefly

occasioned by excesses in living ; and is treated by the
iiatives only with topical remedies, inserting lime juice
into ihe eye, and drawing blood from the temples.
--Fevers, which are most prevalent after the perio-
dical rains ; and, excepting a few external applications,
such as ablutions with warm water, and rubbing the
bo<ly with certain herbs, are left by the natives to the
powers ol nature.—Rheumatism, a conunon disorder,
successfully removed by tepid applications and warm
clothing —Internal inflammations, pleurisies, ai d pul-
monary diseast-i, are very general during the rainy
*eason. The medical practitioners of the country are
principally females, whose skill is transmitted from one

GuIb
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generation to another, and -who perform the opera-

tions of scarification and cupping with great dexterity,

as well as discover consider.ible botanical knowledge
in the selection of herbs and plants. The male physi-
cians are generally ranked among the Fetish men, and
are much greater empyrics than the women, imposing
upon the credulity, or working upon tlie imaginations
of tlieir patients, by pretending to expel the evil in-

fluence, or extract the supposed cause of their suifer-

The insalubrity of the climate to Europeans is un- Climai

derstood to have been greatly exaggerated, and to be
chiefly owing to their own excesses and neglect of proper
precautions. The climate ofGuinea is greatly superior to
that of Guiana, which lies under tlie same pai-allel; and
any part of the coast, if cleared and improved, would
not be less healtliful, it has been affirmed, than Bar-
badoes, the most salubrious of the West India islands.

Strangers arriving in the country are directed, by Mr
Aleredith, to avoid, as much as possible, the meridian
*un, by keeping within doors from eight o'clock in the
morning to three in the afternoon, but to take regular
exercise before and after these hours ; to travel during
the night with heavy clothing to protect the body from,
the dews, or, if necessitated to go out in the day-time, to
use an umbrella, and place a handkerchief or two be-
tween the head and the hat, to rub the body well with
coarse cloths, and put on warm clothing after getting
wet, and, if much exposed to rain, to bathe in salt wa-
ter, but never to apply spirits to the surface of the
body ; to use cold bathing frequently, to practise early

rising, to take animal food only once a day, and to wear
flannel next the body ; to counteract the damp air of
the wet season by heavy clothing, warm apartments,

and even occasional fumigation of the rooms with vine-

gar, sulphur, or tobacco ,- and, in the dry months of
December and January, to be more attentive to exer-

cise in the open air, temperance in living, and the use
of cooling laxatives. Persons just arrived in the coun-
try are particularly warned to be sparingyp^ diet, re-

fraining from salt meat, and freely usin^ vegetables

and acid fruits ; to drink also sparingly, using chiefly

rum and water, wine and water, lemonade, &c. ; to

take the cold bath every d.iy, and avoid the heat of the
«un as much as^ossibl#^and to keep the body gently

open by means of salts, cream of tartar, or similar cool-

ing purgatives, of which a dose should be taken every

week for two months, till the constitution becomes ha-

bituated to the climate.

Europeans have hitherto made no attempt to extend

their commerce to the interior of the country ; but,

with the exception of slaves, (which must soon cease,

it is hoped, to be enumerated among articles of traffic,)

have confined themselves to a very limited coast-trade.

The articles of which it consists are chiefly pepper,

palm oil, cowries, ivory, gold ; in exchange for which,

the)«1mport lead, iron, fire-arms, gunpowder, tobacco,

spirits, tobacdo^ipes, vessels of brass, woollens «nd
cottons of British manufiicture, and especially East In-

dia cotton goods, which are most esteemed in the coun-

try. All the ivory is procured from the interior, and,

in all the inland countries, gold is found in consider-

able quantities. The native traders penetrate to a great

distance into the interior in quest of these articles, or

rather they pass through numerous liands from nation

to nation till they reach the conmiercial establishments

on the coast; but all tlie people, concerned in tin's in-

land traffic, are extremely my.-teriou'- in tlieir o))era-

tions, and very reluctant to communicate the slightest

1



G U I 555 G U L
intelllfjcnce on the subject It is only fj^old-duat that

they sell to the Europeans, as they generally convert

into onia\nents the solid pieces, and even hold them
sacred, if tolerably large. The gold of this country,

whether in grains or in dust, is extremely pale, though
very pure ; and greatly resembles the filings of yellow

copper, with which it is sometime* fraudulently mixed.

This alloy is easily discovered by means ofaqua forlis ;

but it is sometimes also imperfectly cleaned from the

sand, which is of a quartzose nature, and wliich re-

quires a keen eye, a glass, or even the crucible to de-

tect its presence. The native brokers or gold-takers

are extremely skilful in this commerce, and know with

the utmost precision the value of what they sell ; but

they are often equally well versed in the arts of knavery,

requiring to be trusted with great caution, «nd only

upon good recommendation. In Apollonia, it is said,

the trader is more secure, either from exactions or im-
positions, and his person is considered as sacred. The
gold trade is understood to have diminished consider-

ably of late, in consequence of the more powerful
princes having attempted to secure a monopoly for

themselves, by compelling the weaker to renounce the

working of their mines. Cowries and gold form the

current medium of exchange, especially the former, as

being easily reduced to the smallest sums. Forty

cowries make a string ; fifty strings a head, which is

equal to one ackey of gold ; and sixteen ackies make
an ounce, which is valued at four pounds sterling.*

The price of gold never fluctuates ; and it is commonly
estimated to yield in Europe a profit of 25 per cent.

Much attention has recently been directed to the im-
provement and civilization of this and other tracts on
the western coast of Africa; and a more interesting

topic could scarcely be presented to enlightened hu-
manity, than an enquiry into the most effectual means
of promoting the benevolent object. It has been sug-

gested, in general, to extend our^trade inland, by form-

ing alliances with the princes, and placing residents in

the principal towns ; thus reaching the resources of the

country,3Securing the confidence of the natives, and en-

larging the demand for European manufactures ;—to

encourage the progress of cultivation, by protecting

planters from Europe, and directing the industry of the

natives to the production of new articles of export ;

—

to annihilate absolutely every vestige of the slave trade,

to establish schools for the instruction of the people,

and to exercise, in the vicinity of our settlements, as

much controuling power of government as possible, for

introducing salutary regulations, and enforcing orderly

obedience.t " There exists no country in tlie world,''

says the French mineralogist De Montfort, " so suscep-

tible of general cultivation. We know that certain dis-

tricts of Africa are fertile in corn, and grain of every

kind grows there intermixed with sugar-canes lately

introduced, and which protect the grain from hail. Tlie

plants of India, Europe, America, Australasia, or the

fifth portion of the globe, will flourish there in perpe-

tual spring, and the animals of all climates can be easi-

ly naturalized. The negroes, whose respect for the

whites is extreme, notwithstanding what they have
suflered from them, will cheerfully give up their lands

to be cultivated by us." Philosophical Magazine, vol.

See Meredith's Account of the Gold Coast

;

Peuchct's Dicl. De la Geog.;mith's Voyngr lo (inineu ; Peuc
id I'layfnir's Ge-.graphi/. (q'\
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Chitarra Italian, from
Cilhara, is the name of a musical instrument, common-
ly strung with wire; but in .Spain, the guitars arc al-

ways strung with catgut or l>owel strings, which gives
them a much finer tone. The Ciuitar seems to have been
introduced into Spain by the Moors, and has at parti-

cular times been more or less in use in almost every part
of Europe.

GULF Stream, is the name given to a constant cur-
rent in the ocean, produced by the trade winds, which
are constantly blowing from east to west. This cur-
rent, coming from the Pacific and Indian Oceans,
passes round the Cape of Good Hope, and, after going
along the coast of Africa, it crosses to America towards
the equator. It is there divided, and reflected south-
wards to the Brazils, and running along the shores of
Guiana and Terra Firma, it passes through the Ca-
ribbean Sea, and coasts along the Gulf of Mexico.
Issuing from the Gulf between Cape Florida and
the island of Cuba, it traverses the coasts of East
Florida, the United States, New Brunswick, and Nova
Scotia, and advances eastward to the banks of New'
foundland, where it turns off to the south-east and runs
through the Western Islands, from which it goes to the

coast of Africa, and in a southerly direction along that

coast, till it supplies the place of the waters carried away
to the west by the trade winds. " It is perhaps on ac-

count of these currents," says Dr Thomas Young, "that
the Red Sea is found to be about 25 feet higher than
the Mediterranean. J Their direction may possibly

have been somewhat changed in the course of many
ages, and with it the level of the Mediterranean also,

since the floor of the cathedral at Ravenna is now se-

veral feet lower with respect to the sea than it is sup-
posed to have been formerly ; and some steps have been
found in the rock of Malta, apparently intended for as-

cending it, which are at present under water." M.
Humboldt remarks, " that the Gulf Stream is occasioned

by the current of rotation, (trade winds,) which strikes

against the coasts of Veragua and Honduras, and as-

cending towards the Gulf of Mexico between Cape Ca-
loche and Cape St Antoine, issues through the canal of
Bahama. It is owing to this motion, that the vege-

table productions of the Antilles are carried to Norway,
Ireland, and the Canaries."

The general breadth of the Gulf Stream is about 50
or 60 miles. Sir Charles Blagden, in a voyage to Ame-
rica in the year \T!i, found that the water of the Gulf
Stream was from 6° to 1

1 " warmer than the waters of

the sea through which it ran. The heat at its com-
mencement in the Gulf of Florida was about 82", and
it lost 2° for every 3° of latitude in going northwards.

It continued sensible oft" Nantucket.

The Gulf Stream may be easily distinguished from

the other waters of the ocean, by the gulf-weed with

which it is every where interspersed, and by its not

sparkling in the night. In high latitudes it is always

covered with a thick fog. Its breadth is diminished by
north-east and east winds, which also increase the ra-

pidity of its motion, and drive it nearer the coast. A

Ooilar,

Uuir
Sirnm.

• It is said that a labouring man, during the plentiful season, from September to May. can subsist ibundantly on two strings, or two-

pence fanhin;; a day ; and that the usual pay of a labourer is from two to three ackies per month, i e from 10s. to 15s. cunency.

+ For the best views of this interesting subject, the readers may be referred to the ReporU of tkt yf/Wcati Inatitttitn ; and the aceoonM

•f these publications in the Edinburgh lleview,

J The obsenrations of the French engineers make it 6 toises or 38 feet.
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Gums, contrary effect is produced by north-west, and west

"^"V"™^ winds.

The Gulf Stream passes at the distance of about 75

miles from the coast of the southern states of America.

This distance, however, augments as it advances north-

wards. Its common velocity is about tliree miles an

hour, and it takes about 20 days to run from Cape Flo-

rida to Newfoundland.

See Franklin's Maritime Observations in the Transac-

tions of the American Philosophical Society, vol. ii. p.

S14. This paper contains a chart of the Gulf Stream,

principally from the observations of Caj)tain Folger.

Blagden On the Heal of the IValer in the Gulf Stream

in^e Phil. Trans. 17S1, page SS*. Pownall's Hi/'

draulic and Nautical Observations, 4to, London, 1 787.

This last work also contains a <;hart ofthe Gulf Stream.

Rennel, Phil. Trans. 1793, vol. Ixxxiii. p. 8. Hum-
boldt's Political Eisaij on the Kingdom of New Spain,

vol. i. p. .53 ; and Humboldt's Voyage to the Tropics,

vol. ii. chap. i. Young's Natural Philosophy, vol. i.

p. 587; and Morse's Geographj/. See also Physical
Geography.
GUMS. See Chemistry, vol. vi. p. 108, 121—128.
Gum Amber. See Amber, and Chemistry, p. 124.

Gum Ammoniac. See Chemistry, page 128. This

gum should be chosen full of drops or tears, dry, brit-

tle, easily softened by the fire, reducible to a white

powder, and of a sliarp taste and smell. When thrown
on live coals, the drops should burn away in a flame.

In 1804, the quantity imported by the East India Com-
pany was 81 cwt. and the price per cwt. £ 3, lis. Id.

In 1805, the quantity was 333 cwt. and the price £ 1,

12s. 2d. In 1806, 81 cwt. were imported at tiie price of

Jt;i,8s. 2d. And in 1807, 59 cwt. were imported at the

price of <£ I, 15s.

GvnAnime. See Chemistry, p. 123. This gum
should be chosen in large pieces, clear and transparent.

When laid on a red hot iron it melts, flames, and bums
quickly away with a fragrant smell, leaving a few light

coloured ashes. Small dark coloured and opaque pieces

should be rejected. The quantity imported by the
East ladia Company from 1804 to 1808, was

1804
1805
1806
1807
1808

Cwt.

166
452
268
986
1099

Average Price

per Cwt.

£6 8 II

5

19
6
15

7
4
4
1

8
2
7
3

This gum is often sold for gum copal.

Gum Arabic. See Chemistry, Sect. v. p. 108. In
choosing this gum, great care should be taken that it is
not mixed with another kind ofgum, generally in larger
pieces, which, instead of dissolving completely in wa-
ter, only swells in it. The following quantities were im-
ported by the East India Company from 1804 to 1808 :

1804
1805
1806
1807
1808

Cwt.

1767
3931
1534
6565
1382

Average Price

per Cwt.

£4
4
2

1

11

8

10

3

Gum Assafalida. See Chemistry, p. 128. The use
-f this gum was introduced by the Arabians about 1000
years ago. It should be chosen clear, fresh, strong.

MS.
scented, and of a pale reddish colour. When broken,

it should have a resemblance to marble ; and by expo-

sure to the air, it should turn of a violet red colour.

That which is soft, black, and foul, is adulterated. The
following quantities were imported by the East India

Company from 1804 to 1808 :

Average Price

Cwt. per Cwt.

1804 141 £3 15 2
1805 157 5 11 2
1806 82 3 12 8

1807 40 3 12 6
1808 72 3 17 9

Gum Bdellium, is a gum which is brought from Per-
sia and the East Indies. It has a reddish brown colour
externally, but is like glue internally. The loose drops
in which it is brought home are sometimes as large as
hazel nuts, but often less than a pea. They are com-
monly of an irregular shape. It is -moderately heavy
and hard, and grows tough in the mouth. It readily
takes fire, burns with a bright white flame, and crackles,

throwing out small fragments. It dissolves complete-
ly in vinegar.

Gum from Botany Bay. See Chemistry, p. 123.
Gum Caoutchouc. See Caoutchouc, and Chemis-

try, Sect. XX vi. p. 126.

Gum Cherry Tree. See Gum Prunus Avium.
Gum Copnl. See Chemistry, p. 123.

Gum Dragon's Blood. See Gum Sanguis Draconis.
Gum Dragon. See Gum Tragacanth.
GvM Elemi. See Chemistry, p. 123. This gum is

obtained from the East Indies, as well as from Canada
and Spanish America. The East India elenii is semi-
transparent, of a pale yellow colour inclining to green,
and is bought in cakes of 2 or 3 lbs. each, wrapped up
in flag leaves. That which is soft, with a strong smell
and a bitterish taste, is the best. The hard and dark
coloured is never good.

Gum Eupliorhium, is the concrete resinous juice of a
prickly shrub, which grows in Malabar and various parts
of India. The irregularly shaped tears of which it con-
sists, sometimes enclose thorns, twigs, &c. The best
kind is dry, clear, and of a bright light yellow colour;
and is so sharp to the taste, that a small piece held a
short time in the mouth will inflame it.

Gum called Frankincense. .See Gum Olibanum.
Gum Galbanum. See Chemistry, p. 127, and Gal-

banum.
Gum Gamboge, or Gumgutt. See Chemistry, page

128, and Gamdoge.
Gum Guiacum. See Chemistry, Sect. xxiv. p. 124.
Gum Juniper, the same as Gum Olibanum, which see.

Gum Labdanum. See Chemistry, p. 123, and Lab-
DANUM.
Gum Lac. See Chemistry, p. 123, and Lac.
Gum Manna. See Chemistry, p. 108.

Gum Mastich. See Chemistry, page li:;2, andMAS<
TfCH. a

Gvtn Myrrh. See Chemistry, p. 128, and Myrrh.
Gum Olibanum, or Frankincense. See Chemistrt,

p. 128, and Olibanum.
Gum Opium. See Chemistry, Sect, xviii. p. 117>

and Opium.
Gum Opoponax. See Chemistry, p. 128, and Opo-

PONAX.
Gum Prunus Avium. See Chemistry, p. 109.
Gum Sagapenum, See Sagapew;m.
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Gir.M Sfindarach. See Chemistry, p. 123. fine as to be imperceptible to the eye. The colour Gun-PliMh

Gt'M Sanguis Draconit, See Chemistry, pa^e 18fi. should be uniform in the same nmlule, and may vary """Y^^
Dragon's blood in drops is preferable to that which is from honey yellow to n blackish brown. The fracture

obtained in cakes, beinj; more pure and compact. Ge- ,
should be smooth ami equal, and the fmjjmcnts .sli^^htiy

nuine drnu;on's blood readily melts and flames, but is conchoidal ; and the transparency should be such as to

allow letters to be distinguished throiijjh a thickness ofnot soluble in water. The following quantities were

imported by the East India Company :

Average Price

Cwt. per Cwt.

1801* 53 £11
180.5 103 3 13

1806 26 9 19 11

1808 19 11 6 9

Gum Scammony. See Chemistry, page 128, and
SCAMMONY.
Gum Senegal. See Chemistry, p. 109. This gum

exudes from a prickly shrub, of the same genus with

that from which gum arabic is obtained. It is cliiefly

usctl by calico printers, and in other trades where gums
are employed. It dries more slowly than gum arabic.

CiuM Tacamahac. See Chemistry, p. I'^o.

Gu^i Thus, or Frankincense. See Gum Olibanum,

and Olibanum.
Gum Tragacanlh, or Cum Dragon. See Chemistry,

p. 109.

There are many other gums than those which have

been mentioned, but tliey are not of much importance

as articles ofcommerce. Dr Francis Buchanan informs

us, that gums are collected between Seringapataia and
Bangalore from tlie following trees :

Andersoniapanshinoum. (Dr Roxburgh's MSS.)
Mclia azadirachta.

Chirongia glabra. (Dr Buchanan's MSS.)
Mangifera Indica.

Cassia aurieulata.

^gle marmelos.

Shorea jala. (Dr Buchanan's MSS.)
Chloroxylon dupada. (Do.)

Bomboe gossypinum.

See Buchanan's Journey from Madras, &c. vol. i.

p. 1()9. See also Milburn's Oriental Commerce, passim.

GUN- Flints, are small pieces of flint cut into regu-

lar shapes, for the purpose of setting fire by their col-

lision against a piece of steel, to the priming of fowling

pieces, muskets, &c.

The first stones used for this purpose were a kind of

compact pyrites, or marcasite, and they were long

known by that name. The species of stone used in the

greater part of Europe, is called by Wallerius silex igni-

arius, and by Linna>us sUcx crelaceua. In Germany it

was called Jiins or vUns ; in the Swedish and Danish

Jlinla ; and in English jUnl. This name is said to be

of great antiquity, as the Wends had a Pagan deity

which they placed on a stone called Jlynstcm. From
the word flint arose the names of flinlgemchr, flint, or

Jlinle, which the Germans have given to guns fired by

that stone. Stones seem to have been first used about

tlie middle of the 1 0'th century.

The manufacture of gun flints has been long kept a

profound secret ; and we are indebted to Dolomieu for

the first exposition of the method employed in France.

The masses of flint which are best fitted for this pur-

pose, are of a convex surface, approaching to globular.

The knobbed and branched flints are commonly full of

imperfections. The best flint nodules are generally

between 2 and 20 pounds weight. They should be

unctuous, or rather shining internally, with a grain so

Kig.4.

Fig.S.

one-fourth of a line when laid clo^e to the paptr. When
flints do not possess these properties, either naturally,

or after a long exposure to the air, they are rejected by
the workmen.

Four tools are necessary in the manufacture of gun y^, ^r
flints. 1. An iron hammer with a square head, a han- making
die seven or eight inches long, and not exceeding two gun-flintt.

pounds in weight. This instriuncnt is shewn in Fig 3. Plate
Plate CCLXXXI V. 2. A hammer ofwell-hardened steel, cclxxxiv.
with two points, a handle seven inches long, and from ''ig. 1
10 to 16 ounces in weight. The handle must pass

through in such a manner that the two points may be
nearer the hand of the workman than the centre of
gravity of the mass. This hammer is represented in

Fig. i. 3. A disk hammer, or roller, like a solid

wheel, or the section of a cylinder, two inches and four

lines in diameter, and not exceeding 12 ounces in

weight. It is made of steel, not hardened, and has a
handle six inches long, which passes through a square

hole in the centre. It is shewn in Fig. 5. 4. A chisel,

tapering and bevelled at both ends. It should be made
of steel, not hardened, and six, seven, or eight inches

long, anil two inches wide. This chisel is represented

in Fig. 6. This is set on a wooden block, which is j^ig; g.

also used, as a bench for the workman. A file is ne-

cessary for restoring the edge of the chisel. With these

tools the flints are formed in the following manner,
which we have abridged from Dolomieu's Memoir.

1

.

To break the block. The workman seated on the

ground, places the nodule of flint on his lefl thigh, and
applies slight strokes with the square hammer, to di-

vide it into smaller pieces of about a pound and a half

each, with broad surfaces, and almost even fracture.

2. To cleave or chip the Jlint. The workman holds

the piece of flint in his left hand, not supported, and
strikes with the pointed hammer. No. 2. on the edges

of the great planes produced by the first breaking, by
which means the white coating of the flint is removed
in tlie form of small scales, and the mass of the flint

itself laid bare in the manner represented. Fig. 7. pig. 7.

After which he continues to chip off similar scaly por-

tions fronj the pure mass of the flint. These scaly por-

tions are nearly one inch and a half wide, two inches

and a half long ; and their thickness in the middle is

of about two lines. They are slightly convex below,

and consequently leave in the part of the flint from
which they were scparate<l, a space slightly concave,

longitudinally borderetl by two rather projecting straight

lines, or ridges, Fig. 8. These ridges, projlueed by the p;., g,

separation of the first scales, must naturally constitute

nearly the middle of the subsequent piece ; and such

scales alone as have their ridges thus placed in the

middle are fit to be made into gun flints. In this man-
ner the workman continues to split or chip the mass of

flint in various directions, until the defects usually

found in the interior render it impossible to make the

fracture required, or until the piece is reduced too

much to receive the small blows by which the flint is

divided.

3. io shape the gunJlint. Five different parts may
be distinguished in a gun flint. \st, The sloping facet,

or bevel part, which is impelled against the hammer of

the lock of the gun. Its width sTiould be from two to
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Gun.Flints. tlirce-twplfths of an inch ; if it were broarlcr it would

'^"V"' be too liable to b'-enk : and if more obtuse the scin'il-

lation would be less brisk. -2(%, The sides or lateral

rid^s, which are alwa\s rather irregular. 'Sdty, The
back, or the part opposite tne tapering edge : this is

the thickest part of the flint. Mint), The under sur-

face, which is uninterrupted and rather convex. And,

5thly, The upper facet, or small square facet between

the tapering edge and the back, which receives the

upper claw of the cock ; it is slightly concave. In

order to fashion the flint, those scales are selected that

have at least one of the above mentioned longitudinal

ridges : The workman fixes on one of the two tapering

borders to form the striking edge ; after which, the

two sides of the stone that are to form the lateral edges,

as well as the part which is to form the back, are suc-

cessively placed on the edge of the chisel, in such a

manner that the convex surface of the flint which rests

on the fore-finger of his left hand is turned towards

that tool. He then with the roulette applies some
slight strokes to the flint, just opposite the edge of the

chisel underneath ; by which means the flint breaks

exactly along the edge of the chisel.

4. To trim thejlint. The last operation is to trim, or

give the flint a smooth and equal edge ; this is done by

Plate turning the stone, and placing the edge of its tapering

ccLxxxiv. end on the chisel, in which situation it is completed
Fig. 9, by five or six slight strokes with the roulette. See Fig. 9.

The whole operation of making a gun flint is per-

formed in less than one minute. A good workman is

able to manufacture a thousand good chips or scales

a day, (if the flint nodules be of a good quality ;) and
in the same manner he can fashion 500 gun flints in a
day, so that, in the space of three days, he is able to

cleave and finish a thousand gun flints without farther

assistance.

In this manner, five or six blows with the hammer
are sufficient to produce a perfection of figure which
would require more than an hour's labour, if the faces

were formed by grinding them against harder substan-
ces ; and less than a farthing will pay for a gun flint

from the hand of the workman, though fifty times that
sum would be insufficient to purchase it, if it were
formed in any other way.
When the gun flints are completed, they are sorted

into two classes, fine and common flints, and according
to their application into flints for pistols, fowling-pieces,
and muskets. A good gun flint will give 50 strokes
without being imfit for service. They are sold in France
at from four pence halfpenny to seven pence per hun-
dred. They cost twice as much in Italy, and, in 1745,
•when they were exported from the department of the
Loire and Cher to Lyons, Strasburg, and St Quintin,
they cost 12 francs per thousand, or one shilling per
hundred.
The manufacture of gun flints in France, employed

above 800 of the inhabitants in the communes of Noyers,
CouBy, and Meunes, in the department of the Loire and
Cher. The mine, which is four leagues square, is
thirty or forty feet deep, and thirty million of flints
manufactured here were stored up in 1794.. They are
also made in the communes of Lye, in the department
of the Indre, of Maysse and St Vincent, in the depart-
ment of Ardeche, and at Cerilly in the department of
the Yonne. Dolomieu received the information con-
tained m the preceding article from Stephen Buflfet, who
emigrated from the commune of Meunes to the banks
of the Seme, where he carried on his profession for
above 30 years.

Gun flints arc made also in the territory of Vicenza, Gun-
i

and in one of the cantons of Sicily. They were manu- making,
j

factured in great quantities at Stevensklint in Zeeland.
~'~ 'C^

They are also manufactured at Purfleet in Kent, and in

various other parts of England in a very superior stile.

See Doloraieu's Memoir in the Menioires de I' Insti-

tut. vol. iii. p. 1 4.8 ; in the Journal des .Vinex, No. xxxiii.

p. 6y^ ; and in Nicholson's Journal, vol. i. 8vo. p. 88.

In the Journal dcs Mines. No. xxxiii. p 713, and 719,
will also be found a Memoir by M Solivet, and ob.-er..

vations by M. Tonellier on the manufacture of gun
flints in the commune of Cerilly. See also the Hano-
verian Magazine for 1772 ; and Beckmann's History of
Inventions, vol iv. p. 609, &c.
GUN-Making is the art of manufacturing small arms,

for the purposes of war and the chace. The name har-

quebuss, which was first given to small arms, is said to

have been derived from the Italian word arcobousa, or
bow with a hole, and the instrument was successively de-
signated harquebuss, hackbut, hand-gun, match lock,

musket, snaplance, petrinal, firelock, carabine, and
fowling-piece ; hence the workmen acquired the appel-

lation from the French harquebussiers ; and the British

gun-smiths, and gun-makers.
The first application of gunpowder to small arms, ii:,ig_

appears to have been made by the Germans soon after of gun.
the invention ofcannon ; for in 1471 we find that Ed- making*

ward the IV. brought over into England 300 Flemings,

armed with hackbuts or harquebusses. The Spaniards

are said to have, so early as the reign of Philip the II.,

adoptedthem inthe army; and that monarch caused them
to be made of a large calibre, and so heavy that a forked

rest was requisite to level them in taking aim. They
were used at the siege of Rhige, and by the Emperor
and Pope Leo in 1521. The French had availed

themselves of this arm, in 1667, to the extent of four

harquebusses in each company of their army. Eng«
land appears to have been earlier apprized of their su-

periority over the weapons then in use. Harquebuss
soldiers formed a part of their forces in 1540 ; and Peter

Van Collins is mentioned by Stowe, as the first gun-
smith, in 1543. By an act of Henry the VIII. the

length of the hand, gun stock, and barrel, is directed

not to exceed one yard ; and that of the hackbut three

quarters of a yard. By a statute of Elizabeth, they are

ordered to be made all ofone size and calibre, from which
they acquired the name of culivers, a light kind ofmatch-
lock, fired without a rest ; and their price was fixed at

13 shillings and sixpence, with flask, touch-box, laces

and mould. In James the First's reign, the price was
fixed at 14 shillings and ten pence. Charles the Second
directs the musket barrel not to be under three feet in

length, and to receive a ball of twelve in the pound ;

and in 1638, he grants a charter to the gun-smiths of

London, by the name of master wardens, and society of

gun-makers; at which period they made wheel and
snap-lance locks. The Scotch used the harquebuss or

match-lock soon after its invention, from their intimate

correspondence with France and Flanders ; yet we
have no certain information of their having any artists

in that profession sooner than 1 640, when they be-

came incorporated with the hammermen of Edinburgh,

as a pendicle of the lock-smith art. The city guard
were armed with muskets or harquebusses in 1682,

the expence of purchasing and maintaining of which
was directed to be defrayed from the money exacted

from those who entered burgess. After the union ofthe

two kingdoms, the manufacture of small arms, (if ever

carried on to any extent, ) seems to have been confined to

a few individuals. From the records of the hammer-
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Curv- men, it appears that in 1715 there were only two,

Biakiiig. viz. Murdoch Grant, and John Simpson ; and in 17+t
""^r"^ there was only one in the profession. Since tliat

period, however, greater encouragement has been given

to that art in Edinburgh, there being at the pre-

sent time ( 18l6) six master gun-makers, who employ
about thirty workmen ; and there is one in a few of

the jirincipal towns in Scotland. This business lias been
carried on to a very considerable extent, in England, by
private individuals ; and government, within these few
years, has established extensive manufactories at Lewis-

ham, and in the Tower of London, employing about

500 workmen, who complete at the rate of 5000 stand

of muskets every week : Expert workmen have been
paid seven guineas and upwards for their week's la-

bour. The London gun-makers, who are employed in

the making of fowling-pieces, rifles, and pistols, amount
to about forty-three, and they have not less than 300
people in their service. Birmingliam is the place where
all kinds of fire-arms are manufactured to the greatest

extent ; although it is to be regretted that the effect of

competition has introduced a superficial style ofworking,

which is greatly detrimental to the character of the arti-

cle, and to its extension as a branch of commercial ex-

port.

The manufacture of a gun is perfonned by the follow-

ing workmen, viz. barrel forger, borer and filer, lock for-

ger and filer, furniture filer, ribber and breecher, rough
stocker, screwer together, polisher, and engraver, in all

ten different persons, few of whom can execute any
other branch of the art but one. Most of the princi-

pal towns in England have one or two master gun-
makers, but none of them carry on the business in

all its different branches, except London, Birmingham,

and Edinburgh. The makers of the first and last

dties have the highest prices for their guns, single

fowling-jiieces being from 15 to 30 guineas, and double

ones from 35 to 70 guineas ; indeed, to such a perfec-

tion has this instrument been brought, of late years,

by the British artists, that it cannot be doubted but that

they are greatly superior to every other nation in Eu-

rope ; although we have learned that, at the Versailles

manufactory, under the first consul's special patronage,

fowling-pieces were made at the high price of 800

guineas. Instances, liowever, can be produced wliere

London makers have had a thousand guineas for one

gun. The variety and ingenuity in the construction of

small arms, in order to gain peculiar advantages, are so

various and extensive, that it would be very tlifficult to

enter into any details upon the subject : We shall, how-
ever, enumerate a few of the different kinds of guns

which are in use : guns with one barrel to discharge

from one to three balls successively ; magazine guns

that prime and load by one motion, and discharge from

10 to 20 balls in succession ; double guns, with their

barrels placed perpendicular, horizontal, and to turn

round a centre ; three, four, and seven barreled guns

;

harpoon guns; muskets and carabines, &c.
Sua barrel, 'f/ic gun barrel.—The length, shape, and bore of

gun barrels, have materially changed as the instrument

became more gener:;lly used and better understood

I Hence we find, in different countries and at different

periods, their lengths fluctuating from six feet to 25

inches, and their diameters from half an inch to one and

a quarter inch : They are generally cylindrical, but

in some instances square, internally and externally

with chambers at the breech to contain the powder, as

is the case with all t'le Asiatic n atchlocks of most an-

cient construction. The Spaniards were the first people

in Europe who excelled in Uic manufacture of barrels,

remarkable for lightness and safety: I'ossessing finer iron

from their smelting their ores with woo<l ; and being

sensible that the more it is wrought by heating and
hammering, the purer it becomes, they naturally resort-

ed to the old nails extracted from the shoes oftheir hordes

and mules. Juan .Sanchez di Mirvcna, is the first that

forged the barrel in separate pieces, in the reign of
Philip IV. ; and so highly were the Madrid makers es-

teemed, in 1720, that the French gave 1000 lirres, or

£^3, 13s. sterling, for the barrels of Nichola.s Biz, Juan
Beler, and Juan Fernendez. About the year 1650, we
find Lazerino Cominazio, of Brescia, in high repute.

France has also had her eminent workmen, such u
Nicol le Clerc, Des Champs, Jean Franc Renet, and
Henry Renet, all of Paris, whose barrels are still much
prized. The British are now, however, confessedly

much superior to every other people in the manu-
facture of this article. They have, of late, introduced

many ingenious improvements, such as patent steel

barrels, and narrow and wire-twist barrels, with a

beautiful application of the fibres of the metal in weld-

ing, so as to resemble exactly the Damascus steel

of Persia, or what is seen in the finest arms of Indian

workmanship. At first the European barrels were
all of one diameter throughout, until within these

30 years, that a London tradesman obtained a patent

for a chambered breech, which, though it possessed

peculiar merit, was nothing but a copy from the prin-

ciple of the carronade, and both are oliviously borrow-

ed from the Indian matchlock ; hence his privilege of

original invention being untenable, this construction

became general in a few years, and still continues, with

some slight variation, to the present period.

In forming the common gun barrel, the workmen be-

gin by heating and hammering out a bar of the best iron,

into the form of a flat ruler, thinner at the end intended

for the muzzle, and thicker at that for the breach, the

length, breadth, and thickness of the whole plate being

regulated by the intendetl length, diameter, and weight

of the barrel. This oblong plate is then, by repeated

heating and hammering, turnetl round a cylindrical

rod of steel, called a mandril, whose diameter is con-

siderably less than the intended bore of the barrel.

The edges of the plate are made to overlap each other

about half an inch, and are welded together by heating

the tube in lengths of two or three inches at a time,

and hammering it with very brisk but motlerate strokes,

upon an anvil which has a number of semicircular

furrows in it, adapted to barrels of different sizes.

The heat required for welding is the bright white heat

which immediately precedes fusion, anti at which the

particles of the metal unite and blend so intimately

with each other, that when properly managed, not •

trace is left of their former separation. Eveiy time the

barrel is withdrawn from the forge, the workmen strike

the end of it once or twice gently against the anvil in an

horizontal direction; this operation, which is called

jumping, serves to consolidate the particles of the metal

more perfectly, as well as to disengage the scoria from

the inside and outride of the tube, and to obliterate any

appearance of a seam. The mandril is then introtluced

into the bore, or cavity ; and the barrel being placed

in one of the furrows or moulds of the anvil, is ham-

mered very briskly by two persons ; the forger all the

while turning it round in the mould, so that every

point of the heated portion may come equally unde»

the action of the h.imraer. These heatings and ham-

merings arc repeated until tlie whole of the barrel
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fiun- has undergone tlie same operation, and is rendered as

making, perfectly continuous as if it had been bored out of a
'^•••''y^^

solid piece. Twisted barrels are now generally used

for the finest fowling-pieces, the method of fabricating

ofwhich is as follows. Four bars of stub iron, two feet

in length, half an inch in breadth, and the first two bars

half an inch thick or more, according to the size of the

barrel, are previously prepared. An old barrel being

welded to the extremity of one ofthose bars for a handle,

-it is heated and turned round like a cork-screw, by

means of the hammer and anvil ; after this, the turns

of the spiral are united by heating the tube two or

three inches at a time to a bright white heat, and

striking the end of it several times against the anvil in a

horizontal direction, with considerable force : This is

called jumping the baiTel, and the heats given for that

purpose jumping heats : A mandril is immediately in-

troduced into the cavity, and a quick light hammering is

kept up on the welding part, until the ridges raised at

the seams by the jumping are flattened, and the piece

appears sound. As soon as one bar is rounded and

jumped in this manner, another is welded to it, and

treated in the same way, until the four pieces are united

and form one tube : Tlie old barrel is tlien cut otF as

being no longer requisite, and the operation of heating

and hammering is frequently repeated in its whole

length, until its external figure is correctly acquired,

and the metal has arrived at the utmost closeness of

fibre in all its parts. It is a circumstance of consider-

able importance with resjiect to a gun barrel, that it

should be forged as nearly as possible to its weight

when finished, so that very little may be taken away in

the boring and filing ; for as the outer surface, by ha-

ving undergone the action of the hammer more imme-
diately than any other part, is rendered more com-

pact and pure, the less that is removed the better will

the barrel bei

Process of The next process is the boring, the apparatus for
oruig. which is either driven by a water wheel, steam en-

gins, or the hand, according to the extent of the manu-
facturer's demand. This operation consists in giving to

the barrel its proper calibre. The boring bit is a rod of

iron, somewhat longer than the barrel, one end being

fitted into the socket of the crank, and the other fur-

nished with a cylindrical plug of tempered steel, about

an inch and a half long, and having its surface cut with

spiral grooves, flat at bottom, and a quarter of an inch

in breadth. This form gives the bit a very strong hold

of the metal, and the threads shai-p at the edges, scoop

out and remove every roughness and inequality from
the inside of the barrel, and render the cavitj; smooth
and equal throughout. Several bits, each a little larger

than the preceding one, are afterwards successively

passed through the barrel in the same way, until it has
acquired the intended calibre. After this the fine

boring bit is introduced, being a similar rod to the

former, with a square bar of tempered steel, 10 or 12
inches long at its extremity, and finely sharpened on one
of its sides ; on the opposite side is placed a semicircu-

lar slip of wood, of a size sufficient to fill up with the
bit the entire diameter of the barrel, two of its edges
only acting on the tube, which passing through its

%vhole length, and kept well oiled, is frequently re-

peated, and the bore enlarged by small slips of paper
placed between the wood and the bit, until the inside
presents a perfectly equal and polished surface. The
trueness of the bore is then proved, either by a steel or
leaden plug passed through its whole length. The
next step towards completing the barrel is the opera-

Goa-
mabiiiit.

tion on its exterior surface, which in common barrels is

done by grinding on a large stone ; two steel pins being
inserted into the mouth and breach of the tube, and ""^r^
smaller than its diameter. I'he workman holding them

" in his hands, presses the ban-el to the stone, whicli re-

volving on tlie pins, grinds off the inequalities left by
the hammer ; after which it is passed to another person
who files and smooths it from one end to the other.

The best barrel makers do not grind, but turn their

barrels on a lathe, which is well calculated to insure

that perfect equality of thickness on which the strength
and safety of the piece so greatly depend. The filing

and smootliing is afterwards performed in the usual
manner. The imperfections to which gun barrels are
liable, and which render them dangerous to use,

and apt to burst, are the chink, crack, andJiaiv. The
first is a small rent in the direction of the length
of the barrel, the second across it, and the third is a
scale or plate adhering to the barrel, by a naiTow base,
from which it spreads out like the head of a nail from
its shank, and when separated leaves a jiit or hollow in
the metal. Chinks or flaws are of much worse conse-
quence than the crack in fire-arms, the expansive force
of the powder being exerted more upon the circum-
ference th.m the length of the barrel ; the flaw is much
more frequent than the chink, the latter scarcely ever
occurring but in plain barrels, formed out of a "single

plate of iron. The proof of gim-barrels, both musket
and fowling pieces, as established by Government and
the Gunmakers Company of London, is a ball that fits

the diameter of the piece, and a charge of powder of
equal weight, which being fired, either bursts the bar-
rel, or demonstrates its soundness and safety. Some
guimiakers are in the habit of following this test, by a
water proof, in order to ascertain if the pores of the
metal continue peri'cctly secure. Pistol barrels are
for^ied in one piece, two at a time, joined by their

muzzles, and are bored before they are cut asunder, by
which means there is not only a saving of time and la-

bour, but a greater certainty of- the bores being the
same.

Rifle barrels are of modern invention : The Germans Rifle

have the merit of this contrivance. The rifle barrels barrels,

of Kuchanrieter senior of Ratisbon are in the greatest
esteem; and so fond are the Germans of excelling in
the use of the rifle, that it has become one of their
principal amusements, in which all ranks of society fre-

quently indulge. Every town and village has their

practising ground, or butts, wh.ere small prizes are com-
peted for, with an accuracy of aim that is truly sur-
prizing. The Americans have also, from their habits of
hunting, acquired great correctness in the use of rifle

guns ; and within these few years our government has
introduced them into the army ; the ninety-fifth regi-

ment being peculiarly clothed, and armed with that
weapon. The manufacture of rifles, in their first for-

mation, is exactly similar to that of other barrels, ex-
cept that their external form is generally octagonal.

The process of rifling is as follows ; the ban'el being p ^
previously bored, and finished to a true cylindrical rifling,

form, is placed on the rifling machine, an instrument
formed on a square plank of wood seven feet long, to
which is fitted a tube about an inch in diameter, with
spiral grooves deeply cut internally through its whole
length, and to which is atUiched a circular plate, about
five inches diameter, accurately divided in concentric
circles, into from five to ten equal parts, and supported
by two rings ailixed to the plank, in which it revolves

;

an arm connected with the dividing plate, aiul pierced
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with holes, tlirough which a pin is passwl, rc^julatcs

the ch.inpe of the tube in pivinp the proper niimhcr
of rifles to the barrel. An iron ro<l with n moveiible

handle at one end, and a steel cutter in the other,

passes through the rifling tube. This rod is covered
with a core of lead one foot in length, and the barrel

is firmly fixed by means of two rings on the plank
standing in a straight line to the tube. The rod is then
repeatedly drawn through the whole length of the bar-

rel, until the cutter has formed one groove to the pro-

per depth ; the pin being shifted to another hole in the
dividing plate, the operation of grooving is continu-

ed until the whole number that was required is com-
plete. The barrel is then taken out of the machine
and finished. This is done by casting on the end of a
small iron rod a core of lead, which, when coated with
fine emery and oil, is drawn for a length of time by
the workman from one end of the barrel to the other,

till it has acquired a high degree of smoothiiess and po-
lish. The process is then complete, and the barrel is

ready for the ribber and breacher, ^c. The best degree
of spirality is found to be half a turn in a length of three
feet.

T/ic ImcI-, was originally a cleft piece of iron, moving
on a pin fixed into the stock. The match was lield in the
cleft, and conveyed into the priming in the pan : A lever

carried down the inidor part ofthe stock, and projecting

at its extremity, served for a trigger. This simple contri-

vance was followed by the wheel-lock, so called from a
small solid wheel of steel, nearly a quarter of an inch
in thickness, and one and a half in tiiameter, cut on its

edge with grooves, and notched transversely. The up-
per part of the circumference of this wheel rose up
through the middle of the pan : It had an axis placed
in its centre, to which a chain was attached, connecting
itself to the extremity of a strong spring on the out-

side of the lock-plate, and the whole was fixed to the

barrel by screws passing through the stock. Its appli-

cation was by turning the wheel with a key, or spanger,

which rolled the chain roimd its axis, and drew up the

spring to its full tension. By this movement, a slider

that covered the pan containing the priming, retired

from over it, so as to permit the dog, which held tJie flint,

to place itself on the edge of the wheel, which being
let off by the trigger, the rapid revolutions of the wheel
elicited fire from the flint, and inflamed the priming. See
Fig. 8. To this succeeded the Siiaplance, in which a
motion was given to the dog, or cock, and a moveable
plate of steel, called the frizel, or hammer, was placed
vertically above the pan to receive the action of the flint.

Numerous important advant-tges were acquired by this

improvement over the wheel-lock, first, by securing the
priming until the instant the piece was to be fired ; and
by increasing the quickness of its action and the light-

ness of its construction, &c. The great perfection to

which this part of a gun has been carried within these
to years in Britain, justly acquired the profession an ac-

knowledged celebrity over every other nation. The im-
portant requisites in a gun lock are, that the action of the
cock be as rapid as possible, and that it should be so pla-

ced that on uncovering the pan, the flint may point in-

to the centre of the priming, and as near to it as pos-
sible, without touching it. The main-spring should have
a smooth and active motion ; the hammer-spring should
be light, and should give a slight resistance to the cock
on its striking the steel, which ought to move on a roll-

er ; and the temper should not bw too hard or too soft,

the one extreme being known by a roughness on its sur-
face, and the other by the flint's making scarcely any
impression on it, and producing little or no fire. The

VOi. .\. TABT II.

inside of the lock oaght to be fVecd and 8wivelle<l, and nnn-
the tumbler and seer of steel, and also the nails, should ""•''inx

be tempcretl. '"^^i"^'
A very great improvement in the conntmction of gnn-

locks has lately been made by the Rev. Mr For»yth, mini-
ster of Belhelvie, in Abertlccnshire. Thi.s ingenious gen-
tleman contrivetl and made with his own hands a lock ta
fire without a flint, and by percussion alone to inflame
certain powders. This contrivance possesses so many
advantages over the present lock, (even in its most per-
fect state) that it will ultimately superiiede it entirely.
Although it is not more than five or six years since it

was made public ; yet both the German and Prussian
gun-makers have adopted it, and there is little doubt it

will become general here, so soon as his patent expires.

The great advantages of this discovery arc, the rapid
and complete inflammation of the whole diarge in the
chamber of the barrel, a prevention of the loss of force

through the touch-hole, perfect security against rain or
damp in the priming, no flash from the |)an, and les-i

risk of accidental discharge of the piece than when the
common lock is used.

This lock is represented in Figs. 1, 2, 3, 4, of Plate Pon^tk'K

CCLXXXV. It consists of a hammer or dog-head H, lork.

and a magazine MN. This magazine MN, a section P'-*'''*

of which is shewn in Fig. 3. consists of a roller A ccLxxxr.

round which the magazine is moveable as about an '"'8'* '"*•

a.\is, one end of which is screwed into the breach of
the barrel, as shewn in Fig. 4. The roller is perlbrateil

through its axis by a channel m, Fig. 4. which commu-
nicates with the chamber S of the gun. On tlie upper
side of the roller is a pan B, which communicates by a
hole in its centre with the channel m, and coiusequent-

ly with the chamber of the piece. The priming j)owder,

which consists of three parts of the hyper-oxymuriate
of potash, one part of sulphur, and one part of charcoal,

is put into the cavity C of the magazine, which will

hold 40 primings. The opposite cavity D contains the

steel punch and spiral spring E. When this punch is

pressed down, it strikes the pan B, and is again raised

from the pan by the elasticity of the spiral spring. F, F
are the screws between tin: points of which, and the

cork fixed on the inside of the magazine, the grea.se tor

oiling the roller is contained. In order to use this lock,

the magazine is brought into the position shewn in

Fig. I. where the cavity containing the priming powder
is above the pan. A small portion ofthe powder therefore

falls into the pan. The magnziiie is then turned round
into the position of Fig. 2. where the steel punch is

uppermost at M. The hammer H being raised, and
the trigger being pulled, it gives a blow to the steel

punch, \Mhich strikes the priming powder in the pan, .

and inflames it by the concussion. The flame having

no other exit, passes along the ch.niiiiel m. Fig. 4. and

inflames the charge. One of tlie great advantages of

this lock is, that it may be used during rain, and the

piece will ^o off even if the lock is immersed in water.

A very elegant simplification of this lock has been .vimpliiica-

m.ide, by giving the magazine .M N a horizontal instead tion of For-

of a rotatory motion. The magazine is connected with •y«h'«lo»k.

the hammer by a lever, so that when the hammer i*

raised, or the piece cocked, the lever pulls the magazine

over the pan, and fills it with priming. When the ham-

mer is let go, by pulling the trigger, the magazine is

moved from the priming pan, and the powder is in-

flamed by the percussion of the extremity of the ham-

mer. This form of the lock, however, is not water proof.

The Stock and Mounting of GiinsYiM assumed a great Stofk ud
variety of forms, and not only the figure, but the mode mourning,

of holding small arms has undergone a change ; the

4b
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straight stocked match-lock being placed under the

right arm, the crooked short hagbut and the poitrinal

on the breast, and the modern musket at the right

shoulder. Guns of sport, till within these thirty years,

were made very crooked in the stock, and no regard

was then paid to the balance of the piece ; since that

period straight stocks have been universally adopted, and

the length ofthe stock has been accommodated to thesta-

ture ofthe person for whom it is made. For a view of va-

rious constructions of small arms, see Plate CCLXXXV.

Fig. 5. Represents the Indian match-lock, where M
is the match held in a tube or pair of pincers, and 1'

the pan, whicli holds the priming.

Fig. 6. Represents the European matclilock, or liar-

quebuss.

Fig. 7. Represents the Rest for the matchlock.

Fig. 8. Represents the wheel-lock.

Fig. 9. Represents a modern fowling-piece.

Fig. 10. Represents a modern Spanish lock.
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GUNNERY,
Gunncrf. Is the art of constructing and using great guns, for which was first published in Italian and afterwards in

'^'^'V"*' the purpose of hitting a distant object, with shot or Spanish, he has given for each point of the gunner's

shells, discharged from the gun by the explosive force quadrant the ranges of a falconet which carries a three

of gunpowder. pound shot. Mr Robins remarks, that it is manifest.

In the present article we propose to confine ourselves from the number, that the falconet was not loaded with
to the theoryofgunnery,as founded on the mathematical the usual quantity of powder. The following are Col-

doctrine of projectiles, corrected and modified by ex- lado's results :

perimental investigations. The art of constructing

and mounting great guns, and the description of the ^
P''";"^"^'^*

.
^s'V ..Ilf'"'"'?''* ^ , , ^., '

, -Hi- » Gunner s Quadrant Elevation. or common steps,
apparatus connected with them, will torm a separate „ qo point blank . '268

.M article under the head of Ohdnance. 1 * * * ' 7* ' '. 594.'*
- 2 !

*.
! !

15* 79*
HISTORY.' 3 .... 221 951

History. The Italians seem to have been the first people that n ' ' ' <171 1010
directed their attention to the subject ot the motion ot g ... 45 1053

. cannon shot. Nicholas Tartaglia, a Venetian, who was 7 .* . . . 52'- between the 3d and 4th range,
born at Brescia, published at Venice, in 1537, his

8 . .
'.

.' 60^ between the 2d and 3d range.'
Ntiova Scienza, and in i 54:6 his Quesid e Jnvenzioni di' Q . . , . 67^ between the 1st and 2d range,
new, in both of which he treats the subject of projec- jq

'

\
*

' 75* between the and 1st range.'
tiles. In the last of these works, he gives an account

11 . . . , 82^ the ballfell very near thepiece.
of the calibre rod, or artillery measuring rod, of which
he seems to have been the inventor. In another work. The next experiments which were made on this sub-

translated into English by Cyprian Lucas, and entitled ject, appeared in the Art of Shouting in Great Orel-

Colloquies concerning the Art of Shooting in Great and nance, a work which was published in 1643 by Mr
Small Pieces of Artillery, Lond. 1588, ne has entered William Bourne. He assumes unity as the range for

more minutely into the subj^ect. Having no knowledge a point blank shot, and ascertains the ratio of the ranges

of the practical part of artillery, Tartaglia investigated at different elevations. Bourne does not mention the

the subject theoretically upon fallacious principles, and nature of the piece which he used, but Mr Robins pre-

ean scarcely be considered as having done any great ser- sumes that it must have been a small one. 1 he foUow-

vice to this branch of science. He is supposed, however, ing Table contains the results given in Chnp. vii. of

to have discovered that projectiles may be thrown to the above work

;

the greatest distance when they are proiected at an angle
,

of 45 degrees ; and, in opposition to the notion of prac A"S'"
"f

^l*'"""""' ""q""^'-

tical gunners, he maintained that no part of the path of
"

oooq
a cannon ball was a straight line, but that it was like the ^ 3366
surface of the sea, which, though to all appearance a |^ 4 366
plane, was nevertheless a portion of a circle described ^^ 4 8'?'?
by the radius of the earth. Tartaglia appears also to

have been the inventor of the gunner's quadrant. ^ r Greatest range when a strong wind favours tlie

The researches of Tartaglia, imperfect and unsatis- '^"
| motion of"the projectile,

factory as they were, had tlie merit of directing tlie at- 42 Greatest range in a calm day.
tention Iwth of military engineers and mathematicians

_ ("Greatest range when a strong wind opposes
to this curious subject. Many fallacious theories of the 45

-j ^j^^ motion of the projectile,
motions of cannon shot were brought forward, and
L'fano, Galeus, Ulrick, and several other writers, pub- A very admirable series of experiments were made
lish d tables of the comparative ranges of military pro- early in the 17th century, by our counU-yman Eldred,

jectilcs, that were quite irreconcileable with experir who was for many years master gunner at Dover cas-

ment. tie. His earliest experiments are dated I6II ; but the

<:olI»do-V The first experimental examination of this subject book which contains them, entitled The Gunner's
expert- was made by M. CoUado, a Spaniard, who served as an Claxse, was not published till 1646. His experiments,
"^'"'' engineer with the Spanish army in Italy. In his work which are very numerous, were made with great care,

entitled Pruclica Mamiale de Arliglieria, Venice, 1586, and the principles on which he proceeded were simple

* An accouEt ef the invention and history of Astilucy wiU be found under that aiticle»

Histojy.

Colhido'i

cxpcri-

menls.

Bourne's

experi.

men IS.

EI(lrcd'»

experi-

ments.
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•tnry. and tolerably correct. lie has published the actual

V"™^ ranges of dift'ercnt nieces of artillery, at small elevations,

not exceeding ten degrees, and among these are some
trials made with the tamous cannon called the basilisk, a
piece 23 feet long, and well known to those who visit

Dover castle. He found that this gun, which carries a
10 lb. shot, ranged 3fiOO feet with 18 lb. of powder, at

an inclination of 2', and 6000 feet at an elevation of 43"

ovcrics The subject of gunnery was now destined to receive

«lil«o. the most important improvements from the genius of
Galileo. By the application of mathematics to the doc-
trines of motion, he has given the form of a science to

this branch of natural philosophy, and has enabled us

to ascertain every thing that relates to the flight of mi-
litaiy projectiles, on the supposition that they are dis-

charged in a non-resisting medium. His Discursus et

Jiemonstralioncs Mathcmaikcc, &c. which contains these

fine inve.stigations, were published in I6'38. They are

given in tlie fourth dialogue, entitled De Molu Projec-

iorum, and occupy fourteen propositions, in which he
has proved that a projectile must describe a parabolic

curve by the combination of the force of gravity with
the force of projection, and has shewn how to compute
the distance to which the body will be thrown, the
time of its flight, and the momentum with which it

falls, when projected in a given direction, and with a
given velocity. Galileo was perfectly sensible that the

resistance of the air would produce a considerable

change in these results, and he has describeda method of
discovenng the magnitude of the eftects which this re-

sistance would produce on the motion of a bullet at

some given distance from tlie gun.
The opinions which prevailed at this time respecting

the extreme rarity and tenuity of the air, prevented phi-

losophers and mditary engineers from availing them-
selves of this important part of Galileo's work. They
anticipated no great variation from the theory, and ac-

cordingly we find it to have been, for a long time, the
received opinion, that all projectiles moved in a parabo-
lic curve.

Tliis erroneous opinion was stoutly maintained by
our countryman Anderson, in his treatise Of the Ge-
nvitie use and effects of the Gun, published in 1674.

This work is founded on the Galilean theory ; and its

author boldly undertakes to overturn all objections that

can be urged against the parabolic motion of projectiles.

A similar notion is maintained by M. Blonde], in

his L'Arl dejeUer les bombes, which appeared at Paris

in 1683. He applies the doctrines of Galileo to the

flight of shells and bullets of every kind ; and after a

long discussion relative to the air's resistance, he con-

cludes that it is too minute to affect the accuracy of his

deductions.

The celebrated Dr Halley held the same false

opinion. He was, however, not merely misled by a be-

lief in the extreme tenuity of the air ; but he was con-

firmed in his errors by some very imperfect experi-

ments. After treating of the motion of projectiles,

(See Phil. Trans. 1685, No. 179- p. 3.) he observes,

that " these rules would be rigidly true, were it not for

the resistance of the medium, by which not only the

direct impressed motion is continually retarded, but
likewise the increase of the velocity of the fall, so that

the spaces described thence are not exactly as the

squares of the times ; but what this resistance of the

air is, against several velocities, bulks, and weights, is

not so easy to detiermine. It is certain that the weight
of air to that of water is nearly as 1 to 800 ; whence its

weight to that of any project is given. It is very
likely, that to the same velocity and magnitude, but of

different matter, the resistance will be reciprocally a« Hi'torj'.

the weights of the shot; as also, that to shot of the »»m«- "r^"*"^
velocity and matter, but of different sizes, it should Iv

Jj,'}^,,
as the diameters reciprwally ; whence, generally, the Hjiey.'
resistance to shot with the same velocity, but of differ-

ent diameters and materials, shoidd be as their specific

gravities into their diameters reciprocally ; but whether
the opposition to different velocities of the same shot be
as the squares of those velocities, or as the velocities

themselves, or otherwise, is yet a more difficult ques-
tion. However it be, it is certain that in large shot of
metal, whose weight many thousand times surpasses
that of the air, and whose force is very great in pro«
portion to the surface, this resistance is scjirccly dis-

cernible ; for by several experiments made with all care
and circumspection, with a mortar-piece, extraordinarily

well fixed to tlie earth on purpose, which carried a so-

lid brass shot of 4A inches diameter, and of about 14
lb. weight, the ranges above and below 4.5 degrees were
found nearly equal ; if there were any difference, the
under ranges went rather the farthest ; but those dif-

ferences were usually less than the errors committed in

ordinary practice, by the unequal goo<lness and dryness
of the same sort of powder, by the unfitness of the shot

to the bore, and by the looseness of the carriage.

In a smaller brass shot, of about 1 1 inch diameter,
cast by a cross-bow, which ranged it at most about 400
feet, the force being much more equal than in the mor-
tar-piece, tliis difference was found more curiously and
constantly, and most evidently the under ranges ex-

ceeded the upper. From which trials I conclude, that

although, in small and light shot, the opposition of the

air ought and must be accountetl for ; yet in shooting

of great and weighty bombs, there need be very little

or no allowance made ; so that these rules may be put
in practice, to all intents and purposes, as if this irope«

diment were absolutely removed.''

Although the opinion which we have been consid-

ering was entertained chiefly by speculative writers,

yet those who made extensive experiments on the

motion of projected bodies, began to suspect some lurk-

ing error. Anderson, whom we have already men- Substquent

tioned, as a keen abettor of the parabolic theory, had expcri-

occasion to make a number of new e.tperiments on the "^^ ^
ranges of shells disch,irged with small velocities, which
he published in 16gO, in his treatise entitled, To hit a
mark. He found that the track of shells and bullets was
much less incurvated in tlie first part of their path than
they ought to be, on tlie Galilean theory ; but instead

of supjwsing the theory practically incorrect, or con-

jecturing that the deviations were produced by the re-

sistance of the air, he imagined that the shell or bul-

let was discharged from the gun to a certain distance

in a right line, and that gravity only began to deflect

it into a parabolic curve at the end of this line, which
he calls the line of the impulse of the fire, and wliich he

supposes to be the same at all elevations. By giving

a proper magnitude to this imaginary line, he was al-

ways able to reconcile the ranges of any two shells pro-

jected at different elevations; though, as Mr Robins

remarks, he would have found it impossible to recon-

cile the irregularities of three or more ranges.

So deeply rooted was the erroneous notion that the air Vcwtnn >»

offered only an unappreciable resistance to moving balls, *•>• •*^***

that the publication of Sir Isaac Newton's Princijna, in^
which the resistance of the air in slow motions is as-

certained and confirmed by experiment, was not able

to correct it. By extending the law for slow motions

to those in which tlie velocity was verj- great, it was

obvious that the resistance opposed to cannon balls
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was too great to be overlooked ; though it did not

amount, by the calculation, to that enormous degree

which was afterwards deduced from direct e.xperiment.

Newton has not attempted to investigate, in a direct

manner, the path which a body will describe when pro-

jected into the atmospliere with a given velocity, and

in a given direction. He sliews, however, the particu-

lar state of density in the air, which will agree with the

motion of a body in any curve whatever; and, by the ap-

plication of the principle to curves, which have some

resemblance to the path of a projectile, he finds it

differing little irom what may be considered as the

path of a body projected in our atmosphere. In the

second edition of the Principia, which appeared in

1713, he corrects some of the oversights into which he

had formerly been led ; and he shews that a projectile,

moving in a medium, whose density varies according

to certain laws, and acted upon by a force directed totlie

centre of tl)c earth, will describe an eccentric spiral,

whose properties he describes.

Tlie complete solution of this problem was not obtain-

ed till Dr Keiil challenged John Bernoulli to determine

the curve described by a body projected through a me-

dium resisting as the square of the velocity. The Swiss

geometer very soon gave a much more general solution

than was demanded, independent of any limitation of

the law of resistance, of the law of gravity, or of the

law of density, provided that they were capable of be-

ing expressed algebraically. Dr Brook Taylor gave a

solution of the problem in its limited form.

In the year 1690, the celebrated Huygens published

a treatise on Gravity, in which he endeavoured to

prove, from a series of experiments, that projectiles

dischai'ged through the air with great velocity, described

paths very different from a parabola. The inconsist-

ency of the Galilean theory, with the practice of artil-

lery, was now particularly noticed by M. Ressons, a

French artillery officer, who drew up a memoir on the

subject, and presented it to the Academy of Sciences. *

In this memoir, which was entitled Methodc pour tirer

lea bombes avec sncces, he attempts to shew that the
theory is of very little service in the use of mortars,
and that the theoretical path of projectiles is justly

described in the ivorks of Blonde! ; yet by directing

mortars according to that theory, he could never ob-
tain results that had the slightest agreement with it.

In the year 1736, a series of experiments was made
at Woolwich, in order to detenaine the length of can-
non that could enable tliem to shoot most efficaciously.

These experiments were made with six 24 pounders,
cast on purpose, and of the same weight, but varying
in length from 8 feet to 10| feet. These pieces were
all loaded alike, with allotments of powder equal to
lialf the weight of the bullet ; and five shot were fired

from each, at an elevation of Tj". The following are
the results which were obtained

:

j Length of
June leu June 18th. July Sd.
Medium of Medium of Medium of

1
Five Ranges. Three Ranges. Three Ranges.

Feet. Yards. Yards. Yards.

lOi 2486 2614 2406
10 2570 25S2 24S6
H 2633 2560 2500

. 2790 2494 2563
8.J 2586 2490 2466
8 2438 2473 2452

See Mem. Acad. Par, j716, f. 79.

HirtMjMJ
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From the average range of these five shot, the effects

of the different lengths were supposed to be deduciblc.

The result of the experiments was, that the pieces of 9
and 9| feet had the greatest range. Mr Robins has, how-
ever, shewn that these experiments are by no means in- in use,
consistent with his opinion, that the largest pieces ought

to have the greatest range. The ranges with the 9 and

9^ feet guns ought not to differ more than 35 yards from
the ranges of the 8 and the 10|. feet gnns, according

to his theory ; and yet w itii two subsequent trials

with the 9 feet gun, the ranges differ no less tlian 650
yards ; and the average nuiges made in these succes-

sive days differ from each other 300 yards. Hence it

is obvious that these experiments differ so much from
each other, that they are not sufficient to decide tlic

point for which they were undertaken.

No step of importance seems to have been made in Exiiori-

gunncry till the year 1742, when Dr Jurin proposed'"™"^"''

some questions, which the Royal Society appointed a^"^."")"''

committee to investigate. The first of these questions
I'ond'it.''

was. Whether all the powder of the charge be firetl ?

2d, Whether all the i)owder that is fired, be fired before

the bullet is sensibly moved from its place ? And,
3dly, Whetlier the distance to which the bullet is

thrown may not become greater or less by changing
the form of the chamber, though the charge of powder
and all other circumstances remain unchanged .'' Tlie

committee, after numerous experiments, found that all

the powder was not fired ; that the bullet was sensibly

moved from its place, before all the powder that was
fired had taken fire ; and that a change in the form of
the chamber would produce a change in the distance

to which the bullet is thrown ; the largest chamber of
equal capacity always driving the ball farthest, t The
committee, however, seem to have made some mistake;

for Mr Robins afterwards proved, that the ball has not
sensibly clianged its place when the powder is fired.

Several experiments were about this time made in

France on the ranges of cannon. M. St Remy has
given us an account of a series made with pieces of
cannon 10 feet in length, of the usual calibre, apd ele-

vated at an angle of 45°. The following were his re-

sults, the quantity of powder being two-thirds of the

weight of the bullet.
~ -- - Range in Yards.

8 Pounder . . . 3320
4 Ditto .... S040

24 Pounder
16 Ditto .

12 Ditto .

Range in Yards.

4490
4040
S740

F.xpcri.

Pieces of the same calibre as the preceding, but some-
what shorter, had almost the same ranges when fired

witli only one-half the former charge, or one-third of
the weight of the ball in powder. See Remy's Mc'
moirs of Arlillery, vol. i. p. 69-

Another series of experiments was made at La Fere,

in the year J 739, under the direction of the Chevalier ^en^ ^ !J
de Borda. They were made with the usual pieces of i,a Fere bjfS

all the preceding calibres, and were charged with va- Borda in \S,

rious quantities of powder, and elevated to 4°, to 15°, ^"i^-

anil to 450. Experiments were also made with a 24
pounder, at different elevations, from 4° to 45°, and the

following results were obtained with a charge of nine
libs of powder.

Angle of

Elevation.

40 . . .

Actual Range
Yards.

. 4 1 00

Angle of

Elevation.

20 . . .

Actual Range.
Yards.

. . . 31-80

35 . . . 4040 15 . . . 3S50
30 . . . 3B90 4 . . . 1640
25 . . . . . , 3650

t Sec PhiL Tnuis. 1742, Vol. xlji. p. 179.



GUNNERY. 565
Anotlicr series of expeiimeuts was made at h» Fere,

with «lifffrent pieces, elevated to different angles, and

chiir^jred witli diflercnt quantities of |)owdcr. The fol-

lowing were the results.

Nature of the Pounds of Angle of Actual Range
Piece. Powder. Elevation. Yards.

16 c 15 3560

16 6 4 1650
liJ 4 15 3O0O
12 4 4 1640

8 3 15 2880
8 S 4 1540

4 2 15 SOOO
4. 2 C 1724

In the year 1 740, a series ofexperiments were made at

Metz with great care and attention. In the experiments

of La Fere, the medium ranges only were given, but at

Metz the result of each trial was set down. The piece

which was used was a 24 pounder, 10 feet long. It

was charged with different quantities of powder, from

8 to 20 lb. It had always an elevation of 4° ; but as it

was placed about 78 feet above the plain where the

bullets fell, the elevation should be considered as 5°.

The following are the results.

Pounds of

Powder.

RaBges in

Yards.

8 . . . . 1598
— . . . . 1688
— . . . , 1658
— . . . . 1774

9 . . . . 1430
— . , . . 1834
— . . . . 1710
— . . . . 1624
— . . . . 1484
— . . . . 1612
— . . . . 1740
— . . . . 1708
— . . . . 1708
— . . . . 1644
— . . . . 1716
— . . . . 1652
— . . , . I6l6
— . . . . 1712
_ . . . . 2020
— . . . . 1470
_ . . . . 1800
_ . . . . 1566

10 ... . 1668
_ . . . . 1741
— , . . . 1702
— . . . . 1690
_ . , . . 1742

Pounds of
Powder.

10
11

12

14

16

18

20

Ranges in

Yards

1676
1674
1568
1900
1784
1584
1660
1624
1614
1764
1798
1684
1680
1696
1756
1900
2120
1686
2000
1796
1940
1670
1900
2000
2200
1682

^ Hitherto no general principle had been established

rfBen- ''y ^^^ numerous experiments of which we have given

a Bo- a short account ; but the subject of gunnery was now
destined to receive the most important improvements

from the labours of Mr Benjamin Robins, who publish-

ed an accoimt of them in 1742, in his New Principles

of Gunnery, containing the determination of theforce of
Uunpowder, and the investigation of the dtffereiices in the

resisting pouicr of the air to swift ana slow motions.

In this valuable work, he begins by ilatemining the Hktmf.
explosive force of gun|K>wder, ^gee our article (Ji/n- ^^r^^
I'owuEii, p. 586.) and he found tnat this force was ow- ''"""3t_
ing to an elastic fluid like air which existed in a highly ^^ jJjJT"
condensed state in the powder, and being suddenly le- bin*,

parated from it by combustion, expanded and impelled
the bullet with prodigious force.

Mr Robins then proceeds to determine the velocity
with which gunpowder will impel a shot of a given
weight from a cannon of given dimensions ; and m or«

der to compare the velocities thus computed with the
real velocities, he invented an instrument called the Bal-

listic Pendulum, by which he was enabled to measure
the real velocities of bullets of all kinds with such accu-
racy, that in the c;tse of a bullet moving with a veloci-

ty of 1700 feet per second, the error will never amount
to rl^th part of the whole.

With this machine he made a great number of expe-

riments, with musket barrels of different lengths, char-

ged with different quimtities of powder, and carrying

balls of different weights ; and the agreement between
the calculated and observed velocities is so surprising

as to establish his theory on the firmest foundation.

Mr Robins proceeds to point out the changes which
take place in the force of gunpowder, from variations in

the heat and moisture of the atmosphere : He deter^

mines the velocity which the flame of gunpowder ac-

quires by expanding itself, to be 7000 feet per second

:

He ascertains the manner in which the flame of the

powder impels a ball, placed at a considerable distance

from the charge ; and he enumerates the various kinds

of powder, and describes the best methods ofexamining
its goodness.

Mr Robins then treats of the resistance of the air,

and of the track desci-ibed by the flight of shot and
shells. He shews, from experiments made with the

ballistic pendulum, that at different velocities there was
a gradual increase of the resistance over the law of the

square of the velocity, as the body moved ouicker.

He then proves, that a 24 pound ball fired with a full

charge of powder, experiences, when it first issues

from the piece, a resistance more than 20 times its

weight ; that the paths of projectiles, when the veloci-

ty of projection is considerable, is not nearly a para«

bola ; and that, in their flight, bullets are not only de-

pressed beneath their original direction by the action

of gravity, but are frequently deflected to the right or

left of that direction by the action of some otlier force.

Robins' Principles of Gunnery was translated into Ger-

man by Euler, who honoured it with learned and va-

luable commentaries.

About eight or ten years after the publication of Ro-
j ^^^fon of

bins' Works, the Chevalier D'Arcy published, in the ^^^t chtn.
Memoirs of the Academy for 1751, a Treatise on the lierO'Artjr.

Theory of Artillery, in which he gives an account of a

series of experiments made with great care. He em-
ployed two pendulums, against one of which he fired

the ball, while the other, from which the small cannon

wa« suspended, served to measure the recoil. "These

experiments were afterwards extended, and published

in his Eisais d'une Theorie de tArlillerie, which ap-

peared in 1760.

In the year 1746, between the 7th February and the Experi.

30th of March, a series of experiments were made by menirai

the officers of artillery at Turui, for the pupose of de- ^om m

termining the charges of powder that give the largest

ranges. The guns were mounted on a part of the for-

tifications of the city, where the axis of the piece was

30 feet higher than the level of the country where the



History.

Experi-

ments at

Turin in

ins.

566 GUNNERY.
The guns were fired witli their axes always

Experi-
ments at

Turin is

shot fell,

horizontal. The smallest charges were at first used,

and increased gradually till the ranges began to dimi-

nish. The following Table shows the results of the

experiments

:

Nature
of Guns.

Length
of Bore.

Weight.
Weight of

Powder.
Range. Recoil.

Calibres. Cwt. qr. lb. lb. oz.

ri 4
Yards.

478
Inches.

43
4 27 9 1 9 \l 10

12 1

rs 7

489
472
512

62
72
45

8 27 18 2 10 .{3 5

[4 2
rs 5

532
532
505

64
82
42

16 23 31 3 26 \i 6

(.4 15

C6 9

526
522
485

55
78
54

32 20 57 2 17 J 8 12

(.9 13
492
489

71

82

From these results it follows, that the charge of pow-
der which gives the longest range is equal to half the
weight of the shot in four and eight pounders, and to

one-third of its weight in 16 and 32 pounders. The
recoil always increases in proportion to the augmenta-
tion of the charge. The length of the range increases

to a certain point, and afterwards decreases in a much
less ratio than the recoil increases. The charge which
gives the longest range in pieces of small calibre, is

proportionally longer than in pieces of large calibre.

In the spring of 1750, the Chevalier Ferrero di Pon-
siglione made a series of experiments with pieces of the
same calibre and proportions at Turin, for the purpose
of ascertaining the charge that gives the longest range
when the piece is fired at the greatest elevation its car-
riage will admit of. The ranges were measured on a
flat piece of ground, nearly on the same level with the
battery. The shot being rather larger, the windage
was less than in the experiments of 1746.

Nature of Guns.
Weight of Length of
Powder. Range.

Pounders. Elevation. lb. oz. Yards. Inches.

. fa 1 2375 52

J 2 8 2219 60
4 14°

) 2 14 2422 70

L 3 5 2526 76
(3 5 2321 46
\ 4 2 2463 65
< 4 15 2486 85

8 11° / 5 12 2375 102
'-6 9 2675 119

r 5 12 2659 71
6 9 2860 76

, 7 3 2663 90
16 12» ' 8 3 2810 97

9 2764 108
•- 9 13 2892 113
,11 8 3172 117
\l3 2 3032 120

32 lli» vt « 2995 124
116 6 3220 146
*-18 3084 168

4
I
T

From these experiments it follows, that the fharges
that give the longest ranges when cannon are fired from
the greatest elevations their carriages will permit, are

greater than those which produce the same effect when
they are fired horizontally. Several experiments which
were some time afterwards made in France, shewed,
that in cannon of a lai-ge calibre, the charge should be
about three-eighths of the weight of a shot. In the Mara;

month of August 1747, Signior Marandone made a se- done'

ries of experiments for the same purpose, by orders of P'^"™

the Knights of Malta. J'rom these he concluded, that

the charge that ought to produce the longest range,

must exceed three-eighths of the weight of the shot.

Signior Mattel, mathematical instrument maker to IWatte

the King of Sardinia, invented a machine for finding msichi

the initial velocity of balls measured near the month *"^.'"'

of the gun; and a number of valuable experiments '"^""j

were made with it by Antoni, of which we shall after- tics.

wards give a more particular account. Mattel's ma- Plat
chine consists of a horizontal circle, supported by its cclx:

centre on the upper end of a vertical axis, anil serving t'lg- ^

as a base to a hollow paper drum. This drum is made
to revolve by means of a weight at the end of a cord
passing over a pulley ; and the projectile, thrown in a
horizontal direction, traverses the paper drum in two
points. The arc described by the system, while the
projectile, in traversing the interior of the drum, ij

measured by the distance of the second point from the
diameter which passes through the first. See the De-
scription of Plates, and p. 577.

Another very simple machine for the same purpose, o^ b;1.,

was invented in 1761', by Lieutenant De Butet. " He machi fe

applies a little plate of metal, provided with a moveable measo g
index, to any wheel that turns with an equable motion '™'"' i"

and sufficient velocity ; the index is held at some dis
"" "

tance from the circumference of the wheel, by a
thread that is stretched across the mouth of the gun.
When the gun is fired, the shot breaks the thread and
sets at Uberty a spring, which instantly presses the in-

dex against the wheel, upon which it describes an arch,

till it is checked by the impact of the shot against a
moveable butt placed at the distance of a few feet : to

this effect, one extremity of a rod is fastened to the butt,

and the other to the plate ; thus the index is drawn
back by the rod which follows the movement of the

butt, and ceases to describe the arch on the circumfe-

rence of the wheel. The motion of the wheel, the dis-

tance from the muzzle of the gun to the butt, and the

arch described by the index being known, it is easy to

ascertain the space that the shot passes through in one
second of time with an uniform velocity ; or, in other

words, its initial velocity. To diminish the friction as

much as possible, a small groove is made in the part of
the wheel that receives the index, and filled with grease,

which presents a very slight resistance. By means of this

instrument, the time of the shot's passage along the bore

of the gun, the initial velocity of^ shells, and the resist-

ance of the air to their motion, may be determined ; if

allowance be made for the modifications that must ensue." ,

In the year 1779, the learned Dr Hutton of Wool- Huttoiii

wich, in conjunction with several officers of artillery, expcri'

undertook a series of experiments on the motion of "ic*

cannon balls. They used ballistic pendulums from 300
.^ J~j|l

to nearly 600 pounds weight, and tiney employed cannon
shot of 1, 2, and 3 pounds weight, and they varied the

charge of powder from 2 to 8 ounces. From these ex-

periments, of which a full account was published in the

Philosophical Transactions for 1778, Dr Hutton dedu-

ced the following inferences. .

ciues.

\
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i\«Ty. 1. Tliat gunpowder firfs almost instantaneously.
- ~' 2. That the vulocities connnunicatecl to balls or shot of

.the same weight by different quantities of powder, are
' nearly in the subduplicate ratio of those quantities : a

ei in small variation in defect taking place when the quan-
titles of powder become great. .S. And when shot of
different weights are employed, with the same quantity
ofpowder, the velocities communicated to them are near-
ly in the reciprocal subduplicate ratio of their weights.
4'. So that, universally, shot which are of different

weights, and impelled by the firing of different quantities
of powder, acquire velocities which are directly as the
square roots of the quantities of powder, and inversely
as the square roots of the weights of the shot, nearly.
5. It would therefore be a great improvement in artil-

lery to make use of shot of a long form, or of heavier
matter; for thus the momentum of a shot, when fired
with the same weight of powder, would be increased in
the ratio of the square root of the weight of the shot.

6.^ It would also be an improvement to diminish the.

windage ; for by so doing, one third or more of the
quantity of powder might be saved. 7. W'hen the im-
provements mentioned in the last two articles are con-
sidered as both taking place, it is evident that alx)ut
half the quantity of powder might be saved, which is a
very considerable object. But important as this saving
may be, it seems to be still exceeded by that of the
article of the guns ; for thus a small gun may be made
to have the effect and execution of another oftwo or three
times its size in the present motle, by discharging a
shot of two or three times the weight of its natural ball

[• or round shot : And thus a small ship might disch.irge
* shot as heavy as those of the greatest now made use of.

In the year 1781, Count Rumford instituted a series

of experiments with musket barrels. The machinery
which he used was ingeniously contrived and well ex-
ecuted, and his object was to determine the initial ve-
locity of bullets, the recoil of the barrel, the effect of
firing the charge in different parts of it, and the most
advantageous situation for the vent. The following
were the principal results which he obtained. He
found that when the weights and dimensions of the
bullets are the same, their velocities, when discharged
from the same piece, are in the subduplicate ratio of
the weight of the charges ; and he concludes, from
numerous experiments, Uiat the vent may be placed in

any part of tne chamber where it will best answer on
other accounts. Hence Count Rumford recommends
that the bottom of the bore should be of a hemispheri-
cal form ; that the vent should be brought directly
through the side of the barrel in a line perpendicular
to its axis, and pointing to the centre of the hemi-
spherical concavity of the chamber.

In these experiments, the ballistic pendulum of Ro-
bins was employed; but in consequence of a suggestion
contained in Bobins's new principles of gunnery. Count
Rumford proposed, and put in practice, another method
of determming the velocities of bullets, by suspending
tlie gun in a horizontal position by two pendulous rods,
and determining the velocity of its recoil from the arc
of its ascent, measured by a ribbon, as in the ballis-

tic pendulum. The velocity of the bullet will bi*

V_U
« = —jj— X W ; where W is the weiglit of the gun,.

V the velocity of its recoil when fired without a bullet,
V the velocity of the recoil when the same charge im-
pels a bullet, B the weight of the bullet, and v its ve-
locity. By comparing the results obtained in this way,
with others obtained from the ballistic pendulum. Count
Rumford found, that in several cases they agreed, but

Itltuir.
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that in othern the differences were to great, that the Hi»«o/f.

new method ought not in general to be relied upon.

Another very extensive set of experiments was un-
dertaken in the year iJH'j, under the direction of Ma-
jor nioomfield, and by the order* of the Uuke of Rich-
mond, Master-General of the Ordnance. They were

i^^iTfi,
carried on in the summers of 178.'J, 1784, 1785, 1787,
1788, 178;), 1791, &c. principally with a view to the
following objects:

1. To determine the velocity of balls impelled by
equal charges, from pieces of different lengths, but
of the same weight and calibre.

2. To determine their velocities with different chargesj

when the weight and length of the gim are the same.

3. To determine the greatest velocity due to diffe-

rent lengths, by making the charge as great as the gun
will bear.

4. To determine the effect of varying the weight of
the gun, every thing else remaining the same.

5. To determine tlie penetration of balls into blocks

of wood.
6. To determine the ranges and times of flight, and.

the velocities of balls, by striking the ballistic pendu-
lum at various distances, and to compare them with-

their initial velocities, in order to ascertain the air's

resistance.

7. To determine the effect of wads ; of different de-

grees of ramming ; of different degrees of wimlage, and
of different positions of the vent ; of chambers and
trunnions, and every other circumstance necessary to be
known for the improvement of artillery.

These experiments were carried on with great suc-

cess, excepting in the subject of ranges, which were
less regular and uniform than could have been wished.
The ballistic pendulum was from 600 to 800 pounds
weight. The balls were generally one pound weight,

and the powder was increased from one ounce till the

bore was quite full.

The following are the general results, as given by
Dr Hutton

:

" 1. That the velocity is directly as the square root General rc-

of the weight of powder, as far as to about the charge iults deilu-

of eight ounces ; and so it would continue for all "** ^f ^'

charges, were the guns of an indefinite length. But as "<""*•

the length of the charge is increased, and bears a more
considerable proportion to the length of the bore, tlie

velocity falls the more short of that proportion.

2. I'hat the velocity of the ball increases with the

charge to a certain point, which- is peculiar to each gun
where it is greatest ; and that, by further increasing

the charge, the velocity gradually diminishes till tlie

bore is quite full of powder. That this charge, for the

greatest velocity, is greater as the gun is longer, but

not greater, however, in so high a projwrtion as the

length of the gun is ; so that the part of the bore filled

with powder bears a less proportion to the whole in

the long guns than it does in the short ones ; the

part of the whole which is filled being indeed nearly

in the reciprocal subduplicate ratio of the length of the-

empty part. And the other circumstances are as in-.

this Table.

7flWe nf ChnrgcF producing the greaUH VelocUy.

Gun.
Length of

the Bore.

LciihUi

filial.

I'art of the

whole.

Weight of the

Powder.

Number
1

2
3

4

Inches.

28.2

38.1

57-4

799

Inchei,

8.2

9 5

10.7

12.1

t't

Ounces,

12

14
16

18
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History. 3. It appears that the velocity continually increases

"""Y"^ as the gun is longer, though the increase in velocity is

^u^^a' ^^^ '^^T ^'"*^^ '" respect of the increase in length, the

crfby Dr" velocities being in a ratio somewhat less than that of

1 1 utton. the square roots of the length of the bore, but somewhat

greater than that of the cube roots of the length, and

is indeed nearly in the middle ratio between the two.

4. The range increases in a much less ratio than

the velocity, and indeed is nearly as the square root of

the velocity, the gun and elevation being the same.

And when this is compared with the property of the

velocity and length of gun in the foregoing para-

graph, we perceive that very little is gained in the

range by a great increase in the length of the gun,

the charge being the same.

And, indeed, the range is nearly as the 5th root of

the length of the bore, which is so small an increase,

as to amount only to about one-seventh part more range

for a double length of gun.

5. It appears also that the time of the ball's flight is

nearly as the range ; the gun and the elevation being the

same.
0", It appears that there is no sensible difference

caused in the velocity or range, by varying the weight

of the gun, nor by the use of wads, nor by different

degrees of ramming, nor by firing the charge of pow-
der in different parts of it.

7. But a great difference in the velocity arises from

a small degree of windage. Indeed, with the usual

established windage only, namely, about l-20th of the

calibre, no less than between l-3d and l-4th of the

powder escapes and is lost. And as the balls are often

smaller than that size, it frequently happens that half

the powder is lost by unnecessary windage.

8. It appears that the resisting force of wood to

balls fired into it, is not constant. And that the depths
penetrated by different velocities or charges are nearly

as the logarithms of the charges, instead of being as

the charges themselves, or, which is the same thing, as

the square of the velocity.

9. These, and most other experiments, shew, that
balls are greatly deflected from the direction they are

projected m, and that so much as 300 or 400 yards in
a range of a mile, or almost l-4th of the range, which
is nearly a deflection of an angle of 15°.

10. Finally, these experiments furnish us with the
following data to a tolerable degree of accuracy, viz.

the dimensions and elevation of the gun, the weight
and dimensions of the powder and shot, with the
range and time of flight, and the first velocity of the
ball.

The experiments made by Dr Hutton in the years
1787, 1788, 1789, and 1791, were principally intend-
ed to ascertain the resistance of the air to military pro-
jectiles. Balls of 2 inches, 2.78 inches, and 3.55 inches
in diameter, were employed, to determine the resistance
of very high velocities. They were discharged with
velocities from 300 to 2000 feet per second, and were
made to strike the pendulum at several different dis-
tances from the guns. In all these experiments, the
resistances varied nearly as the S^^th power of the ve-
locity, the exponent being 2.028 for a velocity of
200 feet per second, and increasing gradually to 2.136,
which It reached when the velocity was 2000 feet per
Mcond. ^

In the year ISOt, a new machine for measuring the

initial velocity of projectiles was proposed and used by
Col. Grobert ; and a very favourable report of itsaccuracy

was made to the National InstituteofFrance, by Messrs
Bossut and Monge. The apparatus consists of a hori-

zontal revolving axis about 34 decimetres long, having
at each of its extremities a circle or disc of pasteboard

placed perpendicular to the axis. A rotatory motion
is communicated to the axes, and consequently to the

discs, by means of a weight suspended at the extremity

of a rope, which, passing over a pulley 10 or 12 yards
above the ground, coils itself about the arbor of a
wheel and axle fixed at the same level as the discs.

The motion given to the wheel and axle by the descent
of the weight is communicated to the axis of the discs

by an endless cliain passing round the wheel and axle,

and also round a pulley on the axis of the discs. The
instrument being thus constructed, let us suppose that

a ball traverses the two discs when in motion, in a di-

rection parallel to their axes. It is obvious that the
hole in each disc will not coincide with one another,

and that the angular motion Wiiich the second disc has

made while the ball was passing between them will be
a measure from which the velocity of the ball can be
computed. Hence it is necessary to impress upon the
discs an uniform and known velocity, and to measure
accurately the arch passed over by the second disc dur-
ing the transit of the ball from the one to the other.

In the experiments which were made with this machine,
the motion became sensibly uniform whtn the weight
had arrived nearly at the half of the vertical space

which it traversed. The following is the formula for

calculating the velocity of the ball.

Hitfa.

Grobat
pnratttk

ineii9ai|

theinif
velodrl

project

E

v = 2t»

v = 6.28271

kt
'

b, or

- b, in which

V=the velocity of the ball between the discs, consi-

dered as uniform

;

3-=3.14l, the ratio of the circumference to the di-

ameter of a circle

;

^=:the ratio between the respective numbers of the

turns made at the same time by the wheel of

the axle, and the pulley of the axis of the discs,

which in the following experiments was _ - ;

<=the time employed by the wheel of the axle to

make n number of turns ;

r=ithe distance of the hole made by the ball in the

second disc from the axis of the discs

;

a=the arc passed over by that hole while the disc

goes from the one to the other

;

&=:the.distance between the two discs.

The following experiments were made with a horse

musketoon, 0.765 metres of interior length. The weight

of the ball was 24.7 grammes, and it was projected with

half its w«ght of powder. The mean velocity deduced

from these experiments is 390.47 ; whereas the mean
velocity found from experiments with the common in-

fantry musket, 1.137 metre of interior length, was 428,

exceeding the former in the ratio of 11 to 10. AU the

values of a are referred to that of r s: 1 metre.
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h

*

Number
of the

experi-

ments.

Values of n,

or the number
nf turns iDude

by the wheel

of the axle.

Values of t,

or the time in

which the

number of

turns were
made.

Values of o,

or the arc pas-

sed over by

the hole in tht

second disc.

Values of

V, or the

velocity of

the ball.

Seconds. Metres. Metres.

1 8 10 0.3510 402.3

2 8 10 . 0..S800 371.7

3 8 10 0.368 362.5

4 IS 22 0.296 S84.1

5 15 22 0.264- 430.7

6 10 18 0.268 345.7

7 15 16 0.392 398.8

8 1.5 ]« O.S92 398.8

9 15 16 0.416 375.8

10 15 16 0.360 434.3

In order to afford the means of traversing the discs

by throwing balls in different directions from 0° to 45",

Colonel Grobert gives to each disc a particular horizon-

tal axis, to which a pulley is affixed ; and the rotatory

motion is communicated by an endless chain to both
axes, so that they may perform the same number of re-

volutions in the same period. The supporter of tlie

second disc is capable of rising vertically, and fixing it-

self at different heights. The adjustment of this appa-
ratus must, however, be attended with great difficiilty.

CHAP. I.

On the Parabolic Theory of Gunnery. *

In the process of our examination of the motions in

the solar system, it appears that terrestrial gravity, or

the heaviness of common sublunary bodies, is only a

particular case of the mutual tendency of all matter to-

wards all matter. It further appears, that a body on
the surface of our globe gravitates in a line that is di-

rected v«ry nearly to the centre of the earth ; and that

the intensity of this gravitation is inversely proportional

to the square of its distance from this centre.

Bodies let fall, or projected in any direction on the

surface of this earth, move under the influence of this

force ; and their motions may be computed from the ge-

neral doctrines of dynamics in the same manner as we
computed the motions of the planets. They will either

fall in the direction of gravity, or will rise m the oppo-

site direction, or will describe a curve line concave to-

ward the earth, which will be an ellipsis, parabola, hy-
perbola, or circle, according as the velocity and direc-

tion of the projection may have been combined.

But, in the greatest projections that we can make,
the force of gravity is so nearly the same in every point

of the path, that we may suppose it to be accurately so,

without any sensible error, were it ten times greater

than it is. Therefore in all disquisitions about projeo
tiles, it would be useless affectation to embarrass our-

selves with the variations. None of our projectiles rise

a mile in the air, which is about
^ ^'^^ of the mean ra-

dius of the earth, and will occasion a diminution of gra-

vity nearly equal to Trsts> a quantity altogether insig-

nificant.

For the same reasons, althouf^h the direction! of (jra-
yity in the different points of the projectile's flight, nre
lines converging nearly to the ct-ntre of the earth, we
may consider them as all i>.'irallel, because none of our
projectiles fly four miles, whicii j)ro<luces a convervency
of nearly four minutes, a deviation from pandbUam
which needs not be regarded.

In general, therefore, we may consider all such pro-
iectiles as under the indiipnce nf equal gravity acting in
lines parallel to the vertical or plumb-line drawn through
the place of projection. This redticps the theory of pro.
jectiles to a great degree of simplicity.

Accordingly, this is the first department of mecha-
nical philosophy which first received improvement by
the application of mathematical knowledge. We are
indebted for this fortunate introduction of mathematics
into the doctrines of motion, to the celebrated Floren-
tine, Galileo Galilei. This excellent philosopher read
his discourses on local motion, aliout the beginning of
the 17th century. Those lectures contain the whole of
this doctrine, nearly in the state in which it continued
till about the middle of last century. There is no
branch of natural philosophy that has met with so much
assistance and encouragement, it having been consider-
ed in all nations as the foundation of the art of gunnery;
aH art unfortunately too much connected with the se-

curity of every nation. It has therefore been patronised
by princes and magistrates—most costly establishments
have been made for its cultivation ; the mathematicians
have occupied tiiemselves with its problems, and more
numerous and expensive volumes have been published
on this than on any other part of mechanical philoso-
phy. Yet there is none in which so little improvement
has been made. Galileo's lessons contain every thing
that has been done in a scientific way, till M. Robins, in

1742, gave it a form altogether new.
We shall first consider the perpendicular ascents and

descents of heavy bodies ; and in the next place, their

curvilineal motion when projected in directions devia-

ting from the vertical.

"The motion of a falling body is uniformly accelerated,

and that of a body thrown straight upward is uniformly
retarded.

For the accelerating or retarding force is constant,

and therefore the motions are such as were considered

in Dynamics.
All the characteristic phenomena of these motions

having already been sufficiently considered, all that is

wanted for the application to this class of mechanical
phenomena, is merely one experimental determination

of the accelerative power of gravity, that is, the veloci-

ty, or increment of velocity, which gravity will generate

in a body by acting on it uniformly during some given

time. Galileo, who first demonstrated that an invaria-

ble gravity must produce a uniformly accelerated mo«
tion, was also among the first who appealed to experi-

ment in all inquiries. We now think lightly of this,

and wonder that a man shall think of another argument
who has this in his power. But when Galileo began

to communicate his knowledge to the world, this was
the last support that a philosopher would think of.

They had received a parcel of topics from tlicir master,

which had been handed down in the schools during

many ages ; and from these was every thing accounted

• This valuable Cliapter was written by the late John RobiiM, LL. I>. F. R. 9. B. It was inteaded to form a p»tt of his Sj/item »f
Mechanical PhiUuophy, and was the last production of that eminent philosopher. It is now published for the first time, with the pcrmis-

sionof Mr Murray the proprictorof the MSS. and will appear in the lirst Tolume ot)3,ii Sj/tUm of Mtcl>»nical Pkitosofky, now in thepriM.

VOL. X, PAKT n. 4 c
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Parabolic for or explained. Aristotle, or his immediate pupils.

Theory of )iad said that the velocities of falling bodies increased
Cunnery. ^j^j^ j|,gjj. weights ; Galileo's doctrine was incompatible

'' with this, and he thought himself obliged to use argu-

ments in his support. Ho said that if Aristotle's doc-

trine be true, two crown pieces must fall faster when
sticking together than when unconnected, which, said

he, is contrary to common experience. Not doubting

tliat he had convinced iiis audience, he described the

experiments which he was to exhibit ne.\t day, shewing

that in a double time a body would fall four times as far,

&c. The experiments were performed in the dome of

the great church, before a vast concourse of people, and
succeeded most perfectly. Yet so little were the phi-

losophers moved by this kind of argument, that they

represented Galileo as a dangerous person, unfriendly

to the state ; and he was obliged to leave his native city

in a few days, and take shelter in Padua. It is very

remarkable, that Baliani, one of the first geometers and
mathematicians of that age, and who perfectly under-

stood Galileo's speculations on this subject, should teach

another doctrine, reviving or supporting an old scho-

lastic assertion, that tlie velocity of a falhng body might
be as the space fallen through, calling this motion also

a uniformly accelerated motion.

Galileo found more difficulty than one should expect

in his endeavours to obtain an exact measure of the

power of gravity; and indeed could not obtain one that

was satisfactory. But the difficulty of the task, and his

struggle to accomplish it, were big with advantages to

science. A body lalls so fast, that a considerable error

in the conclusion arises from a very small error in esti-

mating the time ; and the great difficulty was how to

estimate the time. It was in this casting about for a
measure of a small portion of time that Galileo first

thought of the pendulum. His penetrating and saga-
cious mind enabled him to see that there must be a fix-

ed proportion between the time of a vibration and that

of falling through its length, although his mathematical
knowledge did not yet enable him to find it out; he saw
an immediate consequence of this if true, namely, that
the vibrations of two pendulums should be in the sub-
duplicate ratio of the lengths, because this must be the
proportions of the times of falling through those lengths.
This he would try ; and he found that it was so. De-
lighted with this success, he immediately compared
the time of falling from the top of the great dome with
that of a pendulous vibration, by making a pendulum
of such a length that it performed precisely one vibra-
tion in the time of the fall. In this time, the body, mo-
ving with the final velocity, would describe a space
double of that fallen through. He then counted with
patience the number of vibrations made by his pendu-
lum in an interval of time, measured by the transit of
two stars. Thus he obtained the time, and the velocity
generated in that time by the uniform action of gravity.
Galileo made this to be about 31 feet of our measure in
a second, and said that it was certainly somewhat more;
because his experiments on falling bodies convinced
him that their motion is retarded by the air.

These effisrts and resources of an ingenious mind are
worthy of record, and are instructive to others. But
Gahleo did not attain the accuracy in this measure that
we now possess. The honour of the accurate stote-
inent of the time of a pendulous oscillation, and that of
the fall through Us length, was reserved for Mr Huy-
gens. This proportion was determined by him by a
most ingenious and elegant physico-mathematical pro-
cess. He also gave iis the pendulum clock, by which

l':<" = 32:32<"
andv'= 32<"

V'
andr=32.

N. B. The time t is always supposed to be a number
of seconds, and the height h a number of feet, and the

velocity v a number of feet uniformly moved over in

one second.

A falling body, therefore, acquires an increment of

32 feet per second in every second of its fall, and an as-

cending body has its velocity lessened as much during

every second of its rise. A hody falling during four

seconds, acquires the velocity of 128 feet per second.

But if the botly hae been projected downward, with

GUNNER Y.
time can be measured with as much accuracy as a line Parabofidj

can be divided. theory « (

Aided by these inventions, we have now obtained the G"""^'
1

most precise measure of the accelerating powers of gra- ~ ' n

vity ; and we can now say that its intensity is such in

the latitude of London, that by acting uniformly on a

body for one second of time, it generates in it the velo-

city of 32 feet two inches per second, and a heavy body
falls 16 feet one inch in that time.

These are standard numbers, of continual use in all

mechanical discussions, and should be carefully kept in

remembrance. Not only so, but we should acquire dis-

tinct notions of them in this respect, viz. as standard

numbers. Gravity is known to us in two ways; our
most familiar acquaintance with it is as a pressure, which
we feel when we carry a heavy body. With this we
can compare the pressure of a spring, the exertion of
an animal, the pressure of a stream of water or wind,
the intensity of an attraction, &c. by setting them in

opposition and equilibrium. The philosopher, and es-

pecially the physical astronomer, and cultivator of the

Newtonian philosophy, is well acquainted with gravity

as an accelerating and a moving force, capable of acce-

lerating, retarding, or deflecting the body in which it

inheres, or on whose intimate particles it acts without

intermedium. He can compare the gravity of a stone

with that of the moon, or of Jupiter, or with the force

that produces the precession of the equinoxes. The
general mechanician, observing that all other pressures,

such as that of a spring, of an animal, &c. are also mo-
ving forces, by combining those two aspects of gravity,

makes a most important use of it by comparing other

forces with weights, and thence inferring the motions

which those forces will produce. Thus, knowing that

an arrow
-J

oz. weight, by falling 18 inches acquires the

velocity of 10^ feet per second, he infers, that when
drawn to the head by a bow of 62 pounds, it will be

discharged with the velocity of 233 feet per second.

We shall therefore, in future, compare every force

with gravity, and express the accelerative power ofthis

standard by 32, meaning that by acting on every par-

ticle of a body for a second, it wiU generate the velo-

city of 32 feet per second, and cause the bouy to de-

scribe 16 feet with a motion uniformly accelerated.

We may find it convenient, on some occasions, to use

the numbers 386, and 193, which are the inches in S2tV
and 16tt feet.

The questions that interest us at present are those

concerning the relations between the time / of any fall,

the height h of that fall, and the velocity v that is

uniformly acquired in falling ; so that when any one of

those things is given, the others may be found out.

I. Since the variations of velocity are proportional to

the times in which they are produced, we have
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Piwbolic the velocity of 100 feet per second, then, at the end of
rhwry of ^"^ it is moving at the rate of 228 feet per second.

^"''^'. A body projected straight upwards witll tlie velocity"^ ~ of H)() feet per second, will at the end of the first se-

cond of its rise, have the velocity 128. At the end of
2" it will be moving at the rate of 96" feet per second.
Its velocity at the end of the third second will be 64.
At the end of the fourth second it will be 32, and at the
end of five seconds it will stop, and begin to fall.

The times of tlie rise and the subsequent fall are
equal.

II. Since the heights are as the squares of the times
of the fall or ascent, we liave

1":<2= 16: 16 <«

and h = IGf and a/ h = 4 /,

also /»= 4;, and/ = '4^.
16 4

A heavy body, falling during four seconds, falls 256
feet.

A body rising straight upw«rds 144 feet employs 3
seconds in its ascent.

III. Because the heights fallen through arc also pro-
portional to the squares of the velocities acquired at the
end of the fall, we have

16 4 V
«nd /' = gp v\md^h = —v. = —
and, conversely, r = 8 ^ A, and v- = 64 h.

All questions concerning the perpendicular ascents
and descents of heavy bodies may be solved by means
of the two equations

v = 32t=gt

An easy mode of extempore computations is had, by
remarking, that since a heavy body falls 1 6 feet in a se-

cond, and acquires the velocity 32, it falls 1 foot in Jth
of a second, and acquires the velocity 8.

In every second of the fall, the velocity is increased

by 32 ; and in every foot of the fall, the square of the

velocity is increased by 64.

In many questions, particularly in hydraulics, it is

convenient to have the measures in inches.

Now, V^IOS": Vn= 386 : 27,785. Therefore a heavy
body by falling one inch acquires the velocity 27,785
inches, or nearly 27| inches per second.

Did gravity impel a body uniformly along a space

equal to the radius of the earth, it would generate the

velocity, which would enable the body to describe a pa-

rabola, having the centre of the earth for its focus. If

projected straight upwards with this velocity it would
never return.

Now VTe : V Earth's rad. = 32 : 36,680 feet. This

is the velocity now spoken of. Suppose the earth uni-

formly dense, and a pit to the centre. A heavy body
would acquire, by falling down this pit, the velocity

25,866. Greater velocities than either of these can be

produced by forces which we know. Aurumfulminans
expands with the velocity of at least 42 miles per se-

cond.

It does not seem necessary to insist further on the

rectilineal ascents and descents of heavy bodies, and
therefore we proceed to consider their curvilineal mo-
tions, when projected in any direction that deviates

from the perpendicular. These are the motions which
are understood to form what is called Projectiles.

These motions are not only interesting to the philo-

sophical mechanist, as examples of a constant deflect-

ing force, and a uniform deflection in parallel lines, but
also to the artillerist ; because the motion of shot and
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shells are cases of this question, which comprehend the
whole of his art. It has therefore been very much rnl-
tivateil; and there is no branch of mechanical philoso-
phy on which so much has been written, or so many
experiments made for its improvement. The expen-
mental cultivation of tliis branch could scarcely be pro-
secuted by private persons ; but, in all the Btntes of
Europe, there are public establishments for this pur-
pose, and no expence has been spared for bringing to
perfection an art in which the fate of nations has un-
fortunately much dependence.

But, notwithstanding this liberal encouragement, and
the numberless volumes which have been published on
the subject, it cannot be said to have improved much
as a science since it came out of the hands of its in-
ventor, and his immediate pupil Tartaglia ; and wc
shall be greatly disappointed if we look for that nice
agreement between the results of the most approved
theory and what we observe in the flight of great shot
and shells. The theory, however, is unexceptionable ;

and the enormous deviations that we see in the actual

performance of artillery, is owing to the resistance of
the air. This was long considered as insignificant,

even after Newton had given us sufficient information
to the contrary. But the gentlemen of the profession

made little account of the speculations of a private phi-
losopher, and continued to regulate their theories by
notions of their own. They have been at last convinced
of their mistake by the curious experiments and disco*

veries of Mr Robins, and are improving their practice

in some measure. But we now find, that the theory of
the motion of heavy bo<lies through a resisting fluid, is

one of the most abstruse and difficult tasks that the me-
chanician can take in hand.

At present, we are about to consider this subject

merely as a particular case of motions regulated by
gravitation, reserving the particular consideration of
the modifications of these motions by the resistance of
the air, till we shall have made ourselves acquainted

with the general laws of such resistance.

Let a body (Plate CCLXXXVI. Fig. 1.) be project- ptj^^B
ed in any direction AB, which deviates from the verti- ccuxsvi.
cal AW. Then it would move on in this direction, Fig- 1.

and in equal succeeding moments would describe the

equal spaces AB, BH, HI, IK, KL, &c. But suppose,

that when the body is at B it receives an instantaneous

impulse in the direction of the vertical BB', such that

by this impulse it would describe the line B b uniform*

ly in the same time that it would have continued its

motion along BH. Or, to speak more accuratelv, let

the motion or velocity B 6 be compoundetl with the

motion BH. The body must describe the diagonal

BC of a parallelogram B b CH, and, at the entl of this

second moment, it must be in C, in the vertical line

HCC, and moving with the velocity BC. Therefore,

in the third moment it would describe CN, equal to

BC. But let another impulse in the direction of the

vertical CC generate the velocity C c, e(^ual to B b.

By the composition of this with the motion CN, the

botly will describe the diagonal CD of the parallelo-

gram C c DN, and at the end of the third moment
must be in D, moving in the direction and witii the ve-

locity CD. It would describe DO equal to CD in the

fourth moment. Another impulse of gravity D rf, in

the vertical, and equal to either of the former impulses,

will make the body describe DE ; and an equal im-

pulse E e will deflect the body into EF ; and another

impulse F /"will deflect it into FG, &c.

Thus it is plain tliat the body, by the composition

of these equal and parallel impulses, will describe the
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P»r»bc,lic polygonal figure ABCDEFG, all in one vertical plane.

Theory of ^nd in every instant or point, such as E, will be found
Gunnery.

-^^ ^^^^ vertical line KE, drawn from the point at which

it would have arrived in that instant by the primitive

projection.

Now, let the interval between these impulses be di-

minished, and their number be increased without end.

It is evident that this polygonal motion will ultimately

coincide with the motion in a path of continued curva/-

tion, by the continual and unvaried action of gravity.

The line described by the body has evidently the

following properties.

1st, If a number of equidistant vertical lines BB',

HCC, IDD' ,KEE', &c. be drawn, cutting the curve in

B, C, D, E, &c.; and if the chords AB, BC, CD, DE.
&c. drawn through the points of intersection, be produ-

ced till they cut the verticals in H, N, O, P, &c. the in-

tercepted jxjrtions HC, ND, OE, PF, &c. are all equal.

2rf, The curve is a parabola, in which the verticals

BB', CC, &c. are diameters. The property mentioned

in the last paragraph belongs exclusively to the para-

bola. As the circle is the curve of uniform deflection

in the direction of the radius, so the parabola is the

curve of uniform deflection in the direction of the dia-

meter. That the curve in which the chords drawn
through the intersection of equidistant verticals cut off

equal portions of these verticals is a parabola, is easily

proved in a variety of ways. Since B 6, Cc, Dd, Ee,
are all equal, and the verticals are equidistant, Bed E
must be a straight line. So must CrfcF; BE must
be parallel to CD, and CF to DE. Tlierefore BF and
CE are parallel, and are bisected in in and o by the

vertical DD'. Also, if FC be produced till it meet the

next vertical in i, i B is equal to D m. All this is very
plain. Hence

» B, or D m : rf >7i = BF : m F, = »n F : o E

;

but rf»n:Do= wF:oE;
therefore Dm:Do= wiF^roE^;

and D, E, F are in a parabola, of which D m is a dia-

meter, and o E, m F are semiordinates. We should
prove, in the same manner, that BG is parallel to CF,
and AG to BF, and D m : DD' = m F* : D'C', and the
points D, F, G, in the same parabola.

Thus we have demonstrated, that the equal and par-
allel impulse of gravity produces a motion in a parabola
whose diameters are perpendicular to the horizon.
This was the great discovery of Galileo, and the finest

example of his genius. His discoveries in the heavens
have indeed attracted more notice, and he is oftener
spoken of as the first person who shewed the mountains
in the moon, the phases of Venus, the satellites of Ju-
piter, &c. But in all these he was obliged to his tele-
scope ; and another person who had common curiosity
•would have seen the same things. But, in the present
discovery, every step was an effort of judgment and
reasoning, and the whole investigation was altogether
novel. No attempt had been made, since the first

dawn of mechanical science, to explain a curvilineal
motion of any kind ; and even the law of the compo-
sition of motion, though faintly seen by the ancients,
had never been applied to any use (except by Stevinus)
tJU this sagacious philosopher saw its immense import-
ance, and brought it into constant service.
The process employed by Galileo in this investiga-

tion, and which has been copied by almost all the
writers on the subject, is considerably different from
the one now gone through. Galileo supposes the heavy
body to fall in the vertical BB' with a uniformly, acce-
lerated motion, desciibing spaces as the squares of the
times. He supposes this motion to be compounded with

the uniform motion in the direction of the tangent BR.
Then, supposing that B t and BT are fallen through

while B r and BR are described by the motion of pro-

jection, it follows, that because Br is to BR as the time

of describing B /• to the time of describing BR, we shall

have B t : BT=B r^ : BR'. Therefore, completing the

parallelograms B / C r, BTSR, we have B t : hTz=t C :

TS, and the points B, C, S are in a parabola, whose
diameter is BT, and has BR a tangent in B.

No doubt, the result of these suppositions agrees per-

fectly with the phenomena, and gives a very easy and
elegant solution of the question. But, in the first place,

it is more difficult, or takes more discourse, to prove
this continued composition of motion (almost peculiar

to the case) than to demonstrate the parabolic figure :

and, secondly, it is not a just narration of the fact of
the procedure of nature. There is no composition of
such motions as are here supposed. When the body is

at C, there is not a motion in the direction parallel to

B r, compounding itself with a motion in the vertical,

having the velocity which the falling body would have
as it passes through the point t. The body is really

moving in the direction CS of the tangent to the para-

bola, and it there receives the same infinitesimal impulse
of gravity that it received at B. Its deflection, there-

fore, from the line of its motion, does not make any fi-

nite angle with that motion. Therefore, although Ga-
lileo's demonstration does very well for a mere matlie-

matical process, like the navigator's calculation of the

ship's place by tables of difference of latitude and de-

parture, it by no means answers the purpose of the phi«

losophical investigation of a natural phenomenon. The
method we have followed is a bare narration of the

facts ; considering the motion of the body in every in-

stant as it really is, and stating the force then really af-

fecting its motion.

We have not scrupled to make use of the method
employed by Newton in the demonstration of his fun-

damental proposition on curvilineal motions, first con-

ceiving the action of gravity to be subsultory, and the
motion to be polygonal, and then inferring a similar

result from the uninterrupted action of gravity. But if

any person is so fastidious as to object to this, (as John
Bernoulli has done to Newton's method,) he may re-

mark, that the motion B b, which we compared with
BH, in order to produce the motion BC, is just double
of the space B t, through which the body falls during
the motion along BH. Therefore the figure will be
such, that the curvilineal deflection will be one half of

B i, or of HC, and the tangent to the curve, whatever
it is, will bisect HC. Then, during the next moment,
since the deflective action of gravity is supposed the

same, the body will be as much deflected from its path

in C, that is, from the new tangent CS, whatever direc-

tion that tangent may have, as it was in the preceding

moment. This gives us « D equal to r C, and this ob-

tains throughout. Without entering on any discussion

on the progress of the deflection in the di^rent points

of the arch BC or CD, it is enough for our purpose to

shew that the curve described is such that when equi-

distant verticals are drawn, and tangents drawn through

their intersections with the curve, the portions of the

verticals cut off by the tangents are everywhere equal.

This also is a property of the parabola exclusively.

That BCD is a parabola, of which BT is a diameter,

and BR a tangent, is easily seen. For, drawing D u
parallel to BR, it is plain that I) N=2rC, and ND=2iD,
=2rC. Therefore vD= 4rC, and Bu = 4B/, and
Bt : B a = / C« : u D'. And we should prove, in the

same manner, that y E=9 r C, Sec.

ParaM
Theoif
Gunntii
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«r»lioUc Having tluis Ascertained the general nntiire of tlie

i«ory of pgth of a projectile, we must now examine its motion
luidcry.

^^ ^j^j^ path, determinins ita velocity in the cliH'trciit

T^'y~ points, and the time employed in the description of the

XVI. arches. For this purpose we must first ascertain tlie

i,. 1. precise parabola described under the conditions of the
' projection, that is, depending on its direction and velo-

city. To do tliis in a way naturally connected with

the acting forces, we shall consider the velocity of pro-

jection as having been generated by falling through

some determinate height.

Let us therefore suppose that the body is projected

from B, in the direction BR, with the velocity acquired

by falling through the vertical VB. Make BT equal to

VB, and BR equal to VT or 2 VB, and, lastly, draw

TS parallel to BR, meeting the parabola in S.

It is plain that BR is the space wliich would be uni-

formly described with the velocity of projection in the

time of falling through VB. Also B r is the space that

would be uniformly described, with the same velocity,

in tlie time of falling through Bt. Therefore BR is to

B r as the time of falling through VB to that of falling

through B t. But, since BT is equal to VB, B r is to

BR as the time of falling through B / to the time of fall-

ing through BT. Therefore BR is to B r as the time

of falling through VB to that of falling through B /.

But, »ince BT is equal to VB, B r is to BR as the time

of falling through B t to the time offalling through BT.
Therefore we have B / : BT = B r2 : BR^. But, in the

parabola, we have B / : BT = < C« : TS», = B « : TS'.

Therefore TS is equal to BR, or to twice VB or BT.
Therefore TS' = 4 BT', = 4. BT x BV, = BT x 4 BV.
But, in a parabola, the square of any ordinate TS is

equal to the rectangle of the absciss BT and the para-

meter of that diameter. Therefore 4 VB is the jiara.

meter of the diameter BT, and VB is the fourth part of

that parameter.

If, therefore, the horizontal line VZ be drawn, it is

the directrix of the parabola described by a body pro-

jected from B in any direction, with the velocity ac-

quired by falling from V.

Cor. 1. As this is true for any other point, C, I>, &c.

it foUows that the velocity in any point of the path is

that which a heavy body would acquire by falling from

tlie directrix to that point.

Cor. 2. Hence also we learn that the velocities in

any two points, such as B and D, are proportional to

the portions vy and D< of the tangents tlirough those

points which are intercepted by the same diameters.

Thus, «y is a portion of the tangent By, intercepted

by the diameters DD' and EE', which also intercept a

portion of the tangent D t. For these portions of tan-

gents are in the subduplicate ratio of the lines VB and

ZD. Now the velocities acquired by falling through

VB and ZD are in this subduplicate ratio of the spaces

fallen through.

Such is the Galilean Theory of the parabolic motion

of projectiles ; a doctrine valuable for its intrinsic excel-

lence, and which will always be respectable among
philosophers, as the first example of a problem in the

higher department of mechanical philosophy.

We are now to consider it as the foundation of the

art of gunnery. But it may be affirmed, at setting out,

that the theory is of very little use for directing the

practice of cannonading. Here it is necessary to ap-

proach as near as possible to the object, and the hurry

of service allows no time for geometrical methods of

pointing the piece after each discharge. When the gun
i« within 300 yards of the object, the gunner points it

straight on it, or ratliti- a lltllo aXwve, to compenMto PmnMu
for the small deflection wliich obtoiDR, even at tint Hnail '"I'xo'T '^

distance. .Sometimes the piece is elevated at a sm»ll .*^"''*^'.

angle, and the shot, diiichnrged with a very mo<lernte ' ~
velocity, drops on the ground, and bound.i along, de-
stroying the enemy's troops. But, in all these cas«», the
gunner is directed entirely by practice, and it cimnot be
said tiiat the parabolic theory is of any service to liini.

Its principal use is for directing the bomliardicr in
the throwing of shells. With these it is profmscd to
destroy buildings, to break through the roofs of mags,
zines, to destroy troops by bursting among them, &c
Such objects being generally under cover of tiie works
of a place, cannot be hit by a direct shot, and therefore
the shells are thrown with such elevated directions,

that they get over the works, and produce their effect.

These shells are of great weight, sometimes exceeding
200 lb. The mortar from which they are disciiarged
must be exceedingly strong, that it may resist the expl».
sion of tlie powder able to impel this vast mass to a
great distance. They are therefore roast unwieldy ; and
it is found most convenient to have them almost solid,

and unchangeable in their position. The shell is thrown
to the intended distance by employing a proper quanti-
ty of powder. This is found incomparably easier than
to vary the elevation of the mortar. We shall also find,

that when a proper elevation has been selected, a small
deviation from it, unavoidable in such service, is much
less detrimental than if another elevation had been cho-
sen. Mortars, therefore, are frequently cast in one
piece with their be<l or carriage, having an elevation

that is not far from being the best on all ordinary occa-

sions, and the rest is done by repeated trials with dif-

ferent charges of powder.
Still, however, in this practice, the parabolic motion

must be understood, that the bombardier may avail him-
self of any occasional circumstance that may be of ad-
vantage to him. We shall therefore consider the chief

problems that the artillerist has to resolve, but with the
utmost brevity ; and the reader will soon see, that more
minute discussion would be of very little service.

The velocity of projection is measured by the fall

that is necessary for acquiring it. It has generally been
called the force, or impetus ; we shall distinguish it by
the symbol /". Thus, in Plate CCLXXXVI. and Fig. Pt.vTr

2, 3, 4, FA is the height through which the body is cclxxxtu
supposed to fall, in order to acquire the velocity with Fig- 8. 3,*

which it is projected from A.

The distance AB between the piece of ordnance and
the object, is called the amplitude, and also the range

Let the angle EAB contained between the vertical

and the direction of the object be called the anolb or

POSITION =/>.
And let the angle DAB containe<l between that di-

rection and the axis of the piece, be called the direction

of the mortar = d, and let z express the zenith distance

or angle EAD, contained between the axis of the mor-

tar and the vertical line AE.
The leading problem, from which almost oil the

others may be derived, is the following.

Let a shell be thrown from A, (Fig. 3, 4.) with the Fig. 3, 4w

velocity required by falling through the vertical FA, so

as to hit an object B. Requiied the direction AD of

the projection.

Let AH lie a horiaontal line, and AB the line of po-

sition of the object. In the verticid AF, take .\E =
4 AF, and on EA describe an arch of a circle KDd A,

which bhall toudi the line ofposition AB. Draw through
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P.ir,il»lic the object the vertical line BD, cutting the circle in D
Theory of and d, and join AD and A il. I say that AD or A rf are

Gunnery, the directions required. Join ED and Erf.

For, because AB touches the circle in A, the angle

ADE is equal to the exterior angle EA (7, or DBA, and

the alternate angles EAD, ADB are equal. The trian-

ffles ADB and EAD are therefore similar, and DB :
DA

= DA : AE, and DA^ = DB X EA. Therefore B is in

a parabola, of which the vertical AI is a diameter, AD
a tangent in A, and AE the parameter of that diameter.

If, therefore, the body be projected from A in the di-

rection AD, with the velocity acquired by falling

througli FA, the fourth part of this parameter, it will

describe a parabola AVB which passes through B.

By the same reasoning, it is demonstrated that the

body will hit the mark B, if projected in the direction

Arf with the same velocity, describing the parabolaA «B.

From this very simple construction, we may draw

several very instructive corollaries.

Cor. 1. When the vertical line passing through B
cuts the circle EDA, it always cuts it in two points D
and d, giving two directions AD and A rf, either of

which will solve the problem.

Cor. 2. But if the vertical through b only touch the

circle, as it touches it in one point only, it gives but one

direction, along which the body must be projected to

hit the mark b. This direction is AG.
Cor. 3. The direction AG evidently bisects the angle

EAB, and the directions AD and A rf are equidistant

from the middle direction AG.
Cor. 4. If the vertical passing through B do not meet

the circle described on AE, according to the conditions

specified, the object is too remote to be struck by a bo-

dy projected from A with the velocity acquired by fall-

ing from F. There is no direction that will enable it

to go so far on the line AB. The distance A 4 is the

greatest possible with this velocity, and it is attained by
taking the elevation AG which bisects the angle EAB.
We may therefore call A b the maximum range on the

line AB, and AG the middle direction.

Cor. 5. The distances on a given line of position to

which a body will be projected in a given direction

AD, are proportional to the squares of the velocities of

projection. For the figure being similar, the range AB
has the same proportion to AF, the fall necessary for

acquiring the velocity. Now the falls are in the du-
plicate ratio of the velocities required by falling. There-

fore, &c.

The converse of this problem is solved with the same
facility of construction.

Let a body be projected in the direction AD, with
the velocity acquired by falling through FA, it is re-

quired to find to what distance it will reach on the line

AB.
Describe, as before, on AE, = 4 AF, the circle EDA,

touching AB, and cutting AD in D. Through D draw
the vertical DB, cutting AB in B. Then B is the point
to which the projectile will reach. The proof is too
evident to need discussion.

Lastly, suppose the object B to be given, and also the
line of direction AD (which is a very common case,
seeing that oir mortars are often so fixed in their beds
that their elevation can be very little altered) it is re-
quired to determine the velocity that must be given to
the projectile.

Draw through the object the vertical BD, meeting the
direction in D. Draw the vertical AE, and make it a
third proportional to DB and DA, that is, make AE =

DA2
and take FA = EA

Then FA is the fall which
Pa
The
GuDB ' 4

will generate the velocity required for the projection.

The demonstration of this is also very evident. PLiti'l

Notwithstanding the great simplicity of the con- ecu

struction of these problems, we cannot obtain numeri- ^'S'»ii

cal solutions for practice with equal simplicity, except

when the line of position is horizontal, as in Fig. 2.

This indeed is the most general case, and there are few

situations so abrupt as to deviate very far from this

case, the greatest height of a fortress commonly bearing

but a small proportion to the distance of the mortar.

When AB is a horizontal plane, as in Fig. 2. the arch

EDA is a semicircle.

In this case the maximum range A i is equal to AC,
the radius of the circle, and equal to twice the height

FA necessary for acquiring the velocity of the projec-

tion.

This greatest range is obtained by elevating the mor«
tar 45 degrees from the horizon.

The ranges, with different directions, are propor-

tional to the sines of twice the angles of elevation.

For, drawing GC, DL, d I, perpendicular to EA, and
drawing the radii CD and C rf, we have CG equal to

the range A b and I d, equal to the range AB. Now
CG is the sine of the angle ACG, which is double of

GAB, and Id is the sine of AC rf, which is double of

AE rf, which is equal to the elevation rf AB ; and the

same is true of all other elevations. We may always

employ this analogy as radius to the sine of twice the

angle of elevation, so is twice the height necessary for

acquiring the velocity to the range of the projection on

a horizontal plane.

The height to which the projectile rises above the

horizontal plane is as the square of the sine of elevation.

For OV the axis of the parabola is ^th ofDB or LA ;-—

and FA, the height to which the projectile would rise

straight upward, is ^th of EA. Now EA : LA=EA'

:

AD-=rad.-' : sin." AED,=rad.2 : sin.^ elevation. There-

fore FA : VO= rad.'' : sin.^ elevation ; also VO : v 0=
sin.' DAB : sin.=, rfAB, &c.

The times of the flights are as the sines of the ele-

vation. For the velocities in the directions AD, Arf,

being the same, the times of describing AD and A d
uniformly will be as AD and A rf. Now AD and A d

are as the sines of the angles AED and AE rf, which are

equal to the angles DAB and rf AB. Now the times of

describing AD and A rf uniformly with the velocity of

projection are the same with the times of describing the

parabolas AVB and A u B.

When the object to be struck is on an inclined plane

AB, ascending, as in Fig. 3. the arch EDA is less than

a semicircle ; and when it is on a descending plane, as

in Fig. 4. EDA is greater than a semicircle. This con-

siderably embarrasses the process for obtaining the di-

rection, when the impetus and the object are given, or

conversely. It has been much canvassed by the many
authors who deliver theories of gunnery, and the para-

bola affords many very pretty methods of solving the

problem. Dr Halley's, in the Philosophical Trans-

actions, No. 179. is peculiarly elegant. Mr Thomas
Simpson's also, in No. 486. is extremely ingenious and

comprehensive, and has been reduced to a very elegant

simplicity by Frisius in his Cosmographia. But neither

of these methods shew so distinctly the connection be-

tween the different circumstances of the motions, or

keep the general principle so much in view, as the one

here given ; and all the arithmetical operations which
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finally result from them, are precisely ainiUar to tho«c

deduceil from our construction.

The following melliotl suggested by the simple con-

struction now given, is probably as easy and as expedi-

tious as any.

Draw the horizontal line HA a, Fig. 3. and 4. cut-

ting the vertical drawn through B in K ; let C be the

centre of the circular arch EDA. Join AC, and draw
GC, cutting the verticals through A and B in the points

/"and g. Also draw CD lUid Crf. Let p represent

the angle of position EAB, and d the angle of direction

DAB, which the axis of the piece makes with the

line of position AB. Also let s be the angle EAD
which the axis makes with the vertical. Let r express

the range AB, and /"the fall FA necessary for commu-
nicating the velocity of projection. Then the para-

meter of the parabola at the point of projection is

4-
J", = AE, and using S to express the sine.

We have AB : DB=S, EAD : S, DAB,=S, z : S, d.

DB : DA=S, DAB : S, DBA,=S,d : S, p.
DA : AE=S, DEA : S, EDA,=S, d:S,p.

Therefore AB : AE=S, s X S, rf : S', p.
That is r : 4/=:S, rxS, rf:S2,p.

And rxS',p=4./xS,zxS,d.

Hence are derived foi-mulas, which solve all the ques-

tions contained in the problem.

_4fxS.zxS,d.

IT
/•-'•X S''P-

"••^-4S,2xS,f/.

HI. S, rf=^#^

The answers to the questions expressed in the two
first cases are obtained by a single operation. In the

first case, the maximum value of r, which corresponds

with the elevation AG, is a third proportional to AE
and A D, and will be had by the analogy sin." p : sin.

i/)=4/:r.
We also may remark, that the ranges made with the

same velocity, and on the same declivity, are as the pro-

ducts of the sines of d and of z.

But these formula do not afford so ready an an-

swer, when d is the thing wanted, as one would expect

from their simplicity. When d is unknown, z is also

unknown. In this case we must remark, that S, z X S, rf

is equal to ^^os- z •'d—cos.z+d
^ ^^ that z+d=p.

This changes our formula into r X sin,*p= ij" x
COS. z Co d—COS. r+rf

I.

distance AK is known. Call thia h. The middle di-
rection AG i.i also known. The line /"A i» alio known,
being =2f. Now/C=2/x Un./AC. =2/x coUn. p.
Call this b. Then Cg is =A-}.A,*or =/(—A, according
aa the projection is made on an ascending or a descentU
ing plane. Now we have

/A : C g=cos. p : cos. d—z, or

' 2_/: /i=t:A=:cos./> ; cog. d^z.

Then to ip{=\d+z) add ^ d^, and we obUin d.
This is, m fact, the process to which we are ultimate,

ly led by every method that is taken for the solution of
this case of the problem.
The construction suggests another proceu, which

may be more acceptable to some readers. The angle
/AG is 4 EAB. Therefore /G=2/xtan. i «, and
2/ X tan. i p~AK=g G, = the versed sine of s s rf,

CA, or -H— being radius.
ain.p °

There are two questions more that must be solved
before the artillerist can have all the information he
requires. In throwing of shells, it is of peculiar im-
portance that the fuse of the shell bum during the
whole time of the flight, but no longer ; and it would
be best of all were it ended when the shell is about
six feet from the ground. This requires an exact
knowledge of the time of the flight.

The time of the flight is the same with that of fall,

ing through DB. We must therefore calculate DB in
feet.

Then / =:
^DB

<«=
DB r X sin. d

From the

-,=2/ X COS. z >, d— C08.p,= 2/x

COS. g ^d—2/'x COS. p. Therefore we have

r X sin. ^p+ZfX cos. j9='J/x cos. z *. d.

Having obtained the arch z e, rf, and having z-^d^jy,

fi "4" z ^ fi

we easily obtain d, it being = -i—^ . The process
2

is much expedited by the help of a table of natural

sines. We must remember, that when the projection

is made on an ascending plane, the quantity 2/ X cos. p,
is to be added to r x sin. * p ; but that it is to be sub-

tracted from it if the projection is made on a declivity.

But a plainer method may be taken, although not
so obviously deduced from the general principle. The
position of the object B being known, ita horizontal

4- 16 ' ~"
16 sin. z

sum of the logarithms of the range (measured in feet)

and the sine of the direction, take the sum of the loga-
rithm of 16 and the sine of the zenith distance, and
half the remainder is the time of the flight, measured
in seconds.

If the best or middle direction had been chosen,
which is generally not far from being the case, DB is

equal to *BA or r. Therefore in this case we have

Lastly, with respect to the velocity and momentum
with which the projectile makes its stroke, this is easily

deduced from the property of the parabolic motion.
We know the velocity of projection, or the velocity at

A, namely, that which is acquired by falling through
FA. In like manner, the velocity at B is that acquired
by falling through F «, (B« being drawn parallel to.

the horizon). Therefore, v'FA ; v^F »=: velocity at

A : velocity at B.

CHAP. rr.

On the Delermitiatiott of the Initial Velocity ofProjec*

tilesfrom the explosiveforce of Gunponder.

In our article Gunpowder, we have already no- Robins'

ticed Mr Robins' investigations respecting the explo- theory of

sive force of gunpowder, and we have suggested some •'" ^""^^
important corrections upon the data which he em- gT"™**
ployed. We shall now proceed to give an account

of the solution of the important problem ofdetermining

the initial velocity of a ball, when the elasticity of the

powder at the instant of its firing is given, and when
the density of the ball, the quantity of the charge, and
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Inidal the dimensions of the piece of artillery from which it is

Velocity of thrown, are known.
Projectiles.

.pj^^ solution of this problem depends upon the two

Robins' following principles.

theory of 1. That the action of the powder upon the ball

the force of ceases as soon as it is out of the piece.

Kunpowdcr. g -pj^^t all the powder is converted into an elastic

fluid before the ball is sensibly moved from its place.

The first of these principles is sufficiently manifest

from the consideration, that the flame will very sudden-

ly extend itself in every direction when it reaches the

mouth of the gun, and therefore its force on the bullet

will be completely extinguished.

The second principle, though less obvious, is equally

certain. If the powder was fired successively, and not

all at once, it occurred to Mr Robins, that by using two

or tliree bullets instead of one, a greater quantity of

powder would be fired, since a heavier weight would

require a longer time to pass through the barrel. Hence

two or three balls should be impelled with a much
greater force than one. This, however, is by no means
the case. Mr Robins found from experiment, that the

velocities with which different numbers of balls were

discharged were reciprocally in the subduplicate ratio

of the number of balls ; that is, if one ball was dis-

charged with a velocity of 1700 feet per second, the

same charge would impel two balls with a velocity of

from 1250 to 1300 feet per second, and three balls with

a velocity of from 1050 to 1110. But when bodies,

containing different quantities of matter, are successive-

ly impelled through the same space, with the same
power acting at each point of that space with a given

force, then the velocities communicated to these different

bodies should be reciprocally in the subduplicate ratio

of their quantities of matter. Hence, since the veloci-

ties are in the subduplicate ratio of the ntunber of balls,

the action of the powder must, in all these cases, have
been nearly the same, and consequently the truth of

the principle is established.

Plate Let us now suppose that AB, Fig. 5. is the axis ofthe
ccLxxxvi. gun.DCGEthepartof the cavityfilled with powder, and
*''* * that the hinder surface of the ball lies at GE. Then

if we take FH to represent the force with which the ball

is impelled at the point F, and if through H we draw
a hyperbola KHNQ to the asymptotes AI, AB forming

a right angle, the ordinate MN will represent the force

with which the ball is impelled at M ; for since the

densities of the elastic fluid at the points F and M are as

AM to AF, or as FH to MN, the forces will be in the

Bame ratio. Take EL to FH as the force which im-
pels the ball at F is to the weight of the ball, and draw
LP parallel to EB. Then the equal lines LF, RM, &c.
will be to the corresponding ordinates FH, MN as the
gravity of the ball is to the force with which it is im-
pelled at the points F and M. But by Prop. 39. Book I.

ofNewton's Pnncjpia, the areas FLPB, FHQB are as the
squares of the velocities which the ball would acquire
when acted upon by its own gravity through the space
EB, and when impelled through the same space by the
force of the gunpowder. Hence we shall have

V=^ KHQB X (Vel. of falling throughTB')'!

FLPB
If we therefore put

V = velocity of the ball.

L= length of the charge of powder.
B = length of the bore AD.
S = specific gravity of the ball.

D = the diameter of the bore, and

W = the weight of the ball in ounces, we shall liave In
^

. Veto

V = 27130yi|£xLog.|.or ^^

V =100y^^^^F
Thus making L = 2-|- inches.

B =: 4-5 inches.

S = 1.345 for a leaden ball

D = ^ of an inch.

Then we shall have

JV^STISO" X log.
120 = 1674 for the ve-

locity of the ball per second ; or if the weight of the

ball W = Ij'̂ oz. or l^oz. then ,

120

29 X 32 X log.—=- = 1674 feet, as

12.

/1115X189
V =r 100 V —57

formerly.

Having thus determined theoretically the initial velo-

cities of projectiles, Mr Robins was anxious to compare
his theory with experiment. He was thus led to the
invention of the ballistic pendulum, by which the real

velocities may be measured with such a degree of ex-

actness, that in a velocity of 1700 per 1", the error will

never exceed the 500th part.

CHAP. \\\.

On the Methods ofdetermining Experimentally the Velo-

cities of Projectiles at any Distancefrom the Gunjrom
which they are Discharged.

The ballistic pendulum, which Mr Robins invented

for measuring the initial velocity of projectiles, is shewn Robins'

in Plate CCLXXXV. Fig. 12. where ABCD represents listicptiij

the body ofthe machine consisting ofthree poles B, C,D, lum.
,
i

joined at A. On the sockets R, S screwed upon two of 1'i-ate

these poles, rests the horizontal axis EF, which sus- ^^^^"
pends a pendulum GHIK, made of iron, with a broad '*'

surface at its extremity. A thick piece of wood
GHIK is fastened by screws to the broad surface of

the iron. A little below the bottom of the pendulum
is a brace OP, joining the two poles B, C ; and on this

brace is fastened a contrivance MNU, made somewhat
like a drawing pen, with two edges of steel, bearing on
each other in the line UN, the pressure of these edges -

being regulated by a screw Z. To the bottom HI of

the pendulum is fastened a narrow ribbon LN, which
passes between the steel edges, and which hangs loosely

down, as at W, through an opening cut in the lower

piece of steel.

Dr Hutton made some considerable improvements Hutton'*

on the ballistic pendulum. At first, he used a nar- "nprove-

row tape divided into inches and tenths, to which he

adapted a contrivance different from that of Mr Ro-
bins. From the bottom of the pendulum proceeded

a tongue of iron, which was raised or depressed by
means of a screw. This tongue was cloven at the

bottom to receive the end of the tape, and the tips

were pinched together by a screw. Immediately be-

low this, the tape was passed between two slips of

iron, which could be brought to any degree of ap-

proach by two screws. These pieces were made to

slide vertically up and down a groove in a heavy block

of wood, and could be fixed at any height by a screw,
_

This method of measuring the chord of the arcof vi-

ment3 on I

ballisticp
dulum.

1
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bration by the t;ipe, was however often attendvd with
uncertainty j and Dr I Iiittun addptcd tlie foUowinjf sim-
ple contrivance. He took a blocit of wood, huving its

upiMjr surfiice forme<l into the arc of a circle of nearly

the same radius as the extreme length of the pendulum.
In the middle of this arch was a shallow groove three

or four inches broad, running along the middle of the

block through its whole length. This groove was fil-

led with a composition of soft soap and wax, of about

the consistency of honey, or a little firmer, having its

upper side smoothed off with the general surface of tlie

broad arch. A sharp spear proceeded from the bottom
of the pendulum, so as just to enter and scratch the sur-

face of the composition in the groove, without having

its motion sensibly retarded. From the trace which
was thus left, the length of the cord of the arc of vibra-

tion was easily measured.

The pendulum being thus constructed, is used in

the following manner The ball is discharged against

the block of wood GHIK, which, in consequence of the

impulse, vibrates through an arc of a certain extent,

which ofcour.se increases with the velocity of the ball.

The extent of the arc of vibration is measured by the

length through which the ribbon LN is pulled out

through the edges UN. Hence, if tlie weight of the

pendulum is known, and also the distance of its centre

of gravity and oscillation from its axis of suspension, it

is easy to determine the extent of the arc of vibration,

the velocity with which it is struck by a body of a

known weight entering it at a given point. In the

investigation of the theorem for computing the velo-

city of the ball, Mr Robins committed a trifling mis-

take, which he corrected in the PhUosophicdl Trans-

actions for 1743, but which the editor of his works
omitted to insert in the New Principles of Gunnery,
published in \~iii. The theorem of llobiiis is

1 o t/'ii

The theorem as corrected by Enler, is

c pe . o+ i ,0

r bt 2o 2

The formula given by Antoni is

»=cv ;32.18X
jigo+ hi' Xjig+ Li

which is .=5.6727cyM£±*^p<i£±l'
bir

The formula given by Dr Hutton is

5.6727c /
- ^ ^==~~.

,

sf pgo-{-oitxpg'^oi, almost the same
bir

as Antoni's, which he reduces to the following very sim-
ple formula

:

v=5.67Z7gc. ?^--\^o.
which is within ^^-^^dth part of the true quantity, and
will always give the velocity within less than half a foot,

even when the velocities are greatest. In these formulie,

V z= the initial velocity of the ball at the instant of
impact.

b =: weight of the ball.

p zz weight of the pendulum.

g = distance to its centre of gravity.

o = the distance of its centre of oscillation.

t = the distance to the point of impact, or the point
struck by the ball.

VOL. X. PART II.

Initfal V*.
UxMtt at

Projectile*.

Mattti'i

milcllin* for

meaMihna
initiaJ rcio-

c zs the chord of the arch of vibration.

r = its radius or distance to the ribbon.

'I'he machine of Mattel fur measuring initial veloci-
ties near the mouth of the gun, which we have alrea-

dy briefly described, was employed by Antoni. It

consists of a horizontal wheel AB, mounted upon •
vertical axis, and put in motion by the descent of a
weight Q suspended to Uie rope GG, and which can
be raised into a state of activity by the wind) fixed to the
axis of the pulley P. A circular band of writing paper.
AE, BF, about six inches high, is fixed round the cir-

cumference of the wheel AB, so as to form a drum 10
feet in diameter. A butt or block of elm is placed about
two or three feet from the drum to receive the balls.

The gun being fixed immoveably at the distance of 20-

feet, so that its axis produced would pass through an
exact diameter of the drum perpendicular to GG, the
machine is put in motion by the descent of the weight
Q. The motion soon becomes uniform, and the velo-

city of the drum is measured by a small eccentric wheel
IL upon the axis CD, which at every revolution gives

a vibratory horizontal motion to a tongue of wood, at

the extremity of which is suspended a common pendu*
lum, which is shortened or lengthened till its vibrations

are isochronous to tliose of the tongue. The time in

which the wheel performs a revolution will be shewn
by the length of the pendulum. When the pendulum
and the tongue have acquired an isochronous motion,
the gun is discharged, and the wheel stopped. The
hole made in the drum at the first entrance of the ball

will be easily distinguished from the other hole which
it made at its exit, by the edges of the holes being
turned to the point by which the ball went out of the
drum. A thread is then stretched in the direction

in whicJi the ball wa.s fired, so as to pass through the

centre of the first hole, and the point where the line

cuts the drum is marked. The distance between this

mark and the second hole is the distance through which
the circumference of the drum has moved while the

projectile was passing through a space equal to its dia-

meter.

In order to find the uniform velocity of the shot in a
second of time, call d the diameter of the wheel, c its

circumference, t the time in which the wheel performs

one revolution, m the distance through which a part of
the circumference of the drum moves while tlie ball is

traversing the distance D,^ and v the initial velocity of

cd
the shot in a second of time : then m:dz^c: — = the

m
space passed through by the shot with a uniform ve-

locity during one revolution of tlie wheel : then as

cd cd _
m ' lm~

In using this machine, Antoni used wads of parch*

ment torn in several places, that they might not injure

the drum of paper. J^n account of the experiments

themselves will be given in the next Chapter.

Antoni has given an account of other three methods Meihndt of

of measuring the initial velocities of projectiles. The determining

first consists in measuring their respective penetrations in'ti«l *«!<>•

into a. homogeneous butt of a known consistency. Ifwe ""'* '>)'.'•'•

call 6 the consistency of tlie butt, d the diameter of the ^^!!l'!!f*"

shot, p the depth of its penetration, and v the initial

velocity, we shall have t; :z^ -X- In order to find b,

the consistency of the butt, fire a piece of small calibre,

with an iron shot one Indi in diameter, and measure its

4o

iM butu.
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Initial Ve- initial velocity by the methods already described, and
locities of igj {^ ^g jooo feet, then v = 1000. Let the same piece

^-!!^T^ ^ ^^^^ '"^'^^'^ ^' before, and fired into the butt, and
*

'"'
let its penetration be 12 inches, or 1 foot, = p. Then
since b p z= dv', we shall have ;? X 1 = tt X 1000«,

or fi X 83333. Substituting then, in the formula,

bp = dv'', we have 83333 p =d vK The consistency

of the butt being thus found, place the great gun, the

initial velocity of whose shot is required, and having

fired several rounds in a horizontal direction against

the butt, let the mean of the different depths of pe-

netration be 7 = p, and let d, the diameter of the shot,

be equal 4 inches, then we have 83333 x 7 = tt "".

and =: ^'83333 X 7 X 12

Method of

tletennining

initial velo-

cities by an-

alysing the

curve.

Plate
vclxxxvi.
I'ig. T.

1323, the initial velo-
1'

city required!

The second method proposed by Antoni of deter-

mining initial velocities, consists in analysing and re-

solving into its simple movements the curve described

by the projectile on quitting the piece. In order to

effect this, a gun AB, Fig. 7. moiuited on its carriage,

and laid on an even and solid platform, is placed

with its axis in a horizontal direction AC, so that the

shot, at its first graze, may touch the earth in the point

C of the horizontal line DF. The vertical distance KG
is obviously the space through which the shot has de-

scended by the action of gravity, which may be called

s, and the horizontal distance AK or DG is the space

which it has passed through in the same time, in virtue

of the impulsive or projectile force. Tlien since

32.18 fl ,, / 2.V , ,

s = , and ;=^ -, we have, by substi-

-r—,-- = the time in which the

shot is impelled from A to K. Having obtained DG
accurately from the mean of several trials, call it r, and
considering it as uniformly passed over, say, as t :r=z

T
1 : —, the initial velocity or the space through which the

shot would move in a second, without considering the
aur's resistance. Let KG = four feet, then we have

=/8X432.18
; ^ a second ; and if DG = 700 feet, we

have y,
or D = V 2X4^

32.18
1400 feet, the initial ve-

iMetIu)4<>f

<teducing
the initial

velocities

from the

thickness

•f the me-
tai.

locity required.

As the initial velocity thus determined is not abso-
lutely correct, on account of the resistance of the air, a
more accurate result may be obtained, by placing a butt
LMN nearer the gun. Let a line be drawn on the butt
at M, where it is cut by the horizontal line of direction
AM, and by firing several shot at the butt, the vertical
distance MH=j will be ascertained. By measuring the
distance DL, and using the formula; already given, the
initial velocity v will again be found. The nearer the
gun is brought to the butt, the more correct will the
initial velocity be found. Both these methods may be
applied to guns of all lengths and calibres.
The third method of determining initiid velocities, is

by deducmgthem from the thickness of the metal ofthe
fire arm when it is in equilibrio with the pressures of
the elastic fluid in every point of its length. This me-
thod, however, is not applicable to guns of large cali-
bre fired with the common cliarges ofpowder, but only
to fijsils and pieces of small calibre. Antoni informs

us, that in Piedmont musket baiTels are proved, by
charguig them with 17 drachms of common cannon
powder, over which is put a very high wad ofhard tow,
which is with difficulty pressed into the barrel, and
which is afterwards rammed down with all the force
which the armoairer can exert. A leaden bullet, weigh-
ing \S\ drachms, is then put in, and wadded as before.
The barrels beuig placed with their breach upon a
strong beam of wood, are each fired twice. Many of
them burst, sometimes at the breach, and sometimes in
the middle of the bore, and sometimes near tlie muzzle

;

but as the bursting never happened more frequently on
one part than another, the officers nnd manufactu-
rers did not consider it as necessary to make any change
it! the thickness of the metal. Hence in guns of this
kind, the thickness of the metal may he considered as
proportional to the pressure of the elastic fluid in every
part of their length.

As this method is not likely to be of much use, we
siiall merely refer the reader to Antoni's Treatise on
Gunpowder, translated by Thomson, p. 87, 88, 165, &c.

CHAP. IV.

Comparison of the Initial Velocities of Bullets, as com-
putedfrom the Theory, with the actual Velocities, as
determined by the Ballistic Pendidum.

I\ determining the initial velocity oi bullets, Mr
Robins used a musket barrel, nearly as thick at the
muzzle as at the breach, and its thickness wa,s made
equal to the diameter of its bore. It was always char-
ged vrith a laddie, as in the case of cannon, and the
wadding was never greater than was necessary to con-
fine the powder to its proper place. In order to pre-
vent the impulse of the flame from acting upon the
pendulum, the mouth of the musket should be sixteen
or eighteen feet from it, when the charge is half an
ounce of powder. \v ith larger charges, Mr Robins has
often found the impulse to be sensible at the distance"
of twenty-five feet.

His first set of experiments was made with a musket
45 inches long; the diameter of the ball was fths of an
inch, and the cavity containing the powder was 2|
inches, which, as the barrel exceeded the bullet by
about the 40th of an inch, contained exactly 12 penny-
weights of powder. This barrel we shall call A.
The weight of the whole pendulum was 52 lb. 3 oz.

The distance of the centre of gravity from the axis of
suspension was 52 inches ; 200 of its small swings were
performed in 253 seconds, and therefore the distance of
its centre of oscillation from the axis of suspension, was
62y inches.

The following results were obtained with this pen-
didum and the barrel A.

InilMl
locitufi*

Projects
I

o c _ t3 Chord of its As-
E S Quantity. cending Arch

The same Error of

H t ^"^ of Powder measured on the
by the the

h Ribbon.
Theory. Theory.

Dwts.

1 A 12 18.7 19.0 + .3
2 A 12 19.6 19.0 —.6
3 A 6 13.6. 13.4 —.2

Another set of experiments was made with the same
barrel, but with a pendulinn exceeding a little the
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weip;lit of 56 lb. 3 oz. and the fullowing rcsulu werr
obtained.

^ s

= a.

length of the

Cavity con.

taining the

Powder, or

Line AF in

Fig. S.

.t; -a

II

Chord of the

Aiicending

Arch measu-
red on the

Ribbon

Inchc«. Dwtii. Inches. Inch. Inche.s.

I A 2i « 119 12.1 +•2
5 A H d 12.2 12.1 —.1
6 A H (i 1.V2 l.^.() + •*

7 A li 6 i;3.9 13.6 —

3

8 A 2f 12 16.7 17.2 + 5

9 A 2^ 12 17..5 17.2 —.3
10 A 2^ 12 16.9 16.8 —.1
U A 2i 12 17.0 16.8 —.2
12 A 2^ 6 11.7 11.3 _2

13 A 2| 6 11.1 11.5 + •*

U A «^ 12 16.7 16.3 —.4

Mr Robins suap«cu, that in experiinenU td and 27*
mistjikt' had bc«n made in the weigitt ot' the powder,
or that the barrel liatl been doinp.

Another barrel I) was now u»ed, 7.06 inches long,
and 0.83 in di-imeter. lu bullet, which weighed 3^^
dwta. wa-s exactly fitted to the Ijore without fuiy winds
age, so that it went in with difficulty.

In calculating the theoretical results for the e.xperi-

ments 10— 14, an allowance was made for the quantity

of bullets lodged in the board, wjiich increased the

weight of the pendulum.
The next experiments made by Mr Robins were with

another barrel C, wliich had the same bore with the last,

but which was only 12.375 inches long. The pendulum
was rather lighter than 56 lb. 3 oz.

o c
I. «-

It

Extent of

the cavity

containing

the Powdcr-

Quantity

of

Powder.

Chord of the

ascending

Arch
measured on
the Ribbon.

The
same b}(

the

Theory.

Error
of the

Theory.

1

15

16

17

18

19

20
21

22

c
c
c
A
A
A
A
A

Inches.

2*
2j
2j
2|
2|
2|
Oi

21

Dwt«.

12

12

12
12

12
12

12

6

Inches.

12.7

12.6

12.4

17.0

17.2

17.1

17.2

12.4

Inches.

VIA
128
12.8

17.3

17.2

17.2

17.2

12.2

Inches

+ 1

+ •2

+ .4

+ .3

.0

+ .1

.0— .2

Another barrel B of the same bore with A and C)
but 24.3 1 2 inches long, was now used, with a ])endu-
lum a little heavier tlmn 56 lb. 3 oz. A correction was
made for the increase of weight, as formerly.

IniiUV*.
\oaAmM

-•^ Extent of
Chord of the The

S £ ?s- the Cavity Quantity ascending
same by

the

Error

^ S « ~ containing

the powder.

of Arch of the

''iS

Powder. measured on

the Ribbon.
Theory.

Theory.

Inches. Dwts. Inches. Inches. Inches.

2a A 2| 12 17.1 17.2 -f .1

24 A 2J 9 15.2 15.0 — .2

25 A 21 9 15.4 15.0 — .4
2b C 2^ 12 11.5 12.8 + 1.3
27 C 2i 12 11.5 12.8 + 1.3
28 C 21 6 8.7 9. + .3

29 c 2i 12 12.3 12.5 + .2
30 B 24 12 14.4 14.4 0.0
31 H »f 12 14.4 14.4 0.0
32 B 24 6 10.3 10.5 + .2
33 A If 8 14.7 14.5 — .2
34 A 4 12 15.7 15.3 — .4

1

^1

1

tWv,:;K"'""^

thTo':-;!'--'^"-

Chord of the

ascending

Arch
measured on

the Ribbon.

The
same by

the

Theory.

Krror of

the

Theory.

1
Inches. Dwts. Inches. Inches. Indie*.

35 A 24 \i. 92 9.2 .0

36 A 2i 12 95 9.2 — .3

37 A 5i 24 11.7 11.3 — .4

38 A 7i 36 13.2 12.6 — .6

39 A 24 12 9.3 9.1 — .2

40 A n 8 7.6 8.1 + .5

41 C 2t 12 6.1 QA + .5

42 C 24 12 6.5 6.6 + .1

43 B 24 12 8.0 8.2 + •2

44 B 24 12 8.3 8.2 — .1

45 A 24 12 9.5 9-1 — .4

46 A 24 12 9-1 9-1 .0 »

47 A 24 6 7-2 6.5 — .7

18 A 24 6 6-7 6.5 — .2

49 C 24 12 6.8 6.7 — .1

50 C 24 12 7.5 6.7 — .8

51 C 24 6 4.7 4.8 + 1

52 C 24 6 5.0 4.8 — .2

53 D 2J 12 7.0 7.2 + .2

54 D 24 12 7.1 6.8 — .3

55 D 24 6 4.7 4.8 + 1

56 D 24 6 4.8 4.8 .0

.57 A 2rV 6 6.4 Q.5 + •1

58 A 2rV 6 6.4 6.5 + •1

'o^ A 2tV C 6.6 ^A — .1

60 A 2^ 6 6.7 6.5 — .2

1,1 A 2^ 12 9.0 9.1 + •1

Mr Robins supposes, that the error in the 50th ex-

periment was owing to the wind. All the preceding

experiments were made and registered, belore they

were compared with the theory.

A set of valuable experiments on the initial velocities

of bullets were made by Antoni, with the machine in- Antoni's

vented by Mattei. onT^UJ
"

The first series was made with a musket 3 feet 6 velodiies.

inches in the length of ite bore, and with a charge of

powder of 7 drams.

]

Mean state

Nature of the Powder. Moist of the At- Very dry

Weather mosphere. Weather.

Feet. Feet. Feet.

Common war powder' 13i(2 1542 1618

Fine do. 1569 1736 1829

Fowling powder 1566 1703 1784

Firework powder 1566 1706 1779

The ibllowing experiments were made under a mean
state of the atmosphere, with guns of difiereat length-s

and calibres.
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Jriitial Ve-
locities of

Prcjcctilcs.
Nature of the Guns.

A musket
bore 1ft.

long

with a

10 inch

Rifled carabine

A wall piece carry-

ing a leaden bul-

let£4<iz-'n'^*'P'g'it

A musket with a

bore 3 ft. 6 inch

long
'

Kind of Powder.

Weight
of Pow-

der.

r Fine war powder
J Fowling do.

{_ Firework do.

( Fine war powder

i Fowling do.

(_ Firework do.

r Fine war powder
J Fowling do.

l_
Firework do.

{
Fine war powder

7

7
7

7

7

7
20
20
20

Initial

Velo-

city.

1390
1367
1372
1956
19'20

1931
I9r>6

1923
1923

1736

In order to ascertain the effect produced by a diffe-

rence in the weight of shot, and in the windage, three

bullets were fired from a wall-piece, and two from the

musket 3 feet 6 inches in length of bore.

Weight of Balls.

Qiianlity of

fine War
Powder.

M'all- piece

Musket

C 3}2 oz.

J
3 oz. bi

{ ameti

but of the same di-

ameter as the first ball

(^ Carabine ball.

23 drams
23

23
7

7

7

Initial

Veloci-

ties.

1770
1855

2068
1736
1834
1863

The following experiments were made in a mean state

of the atmosphere, to shew how the initial velocities va-

ry with different charges of fine war powder :

Weight of Powder in drams.

Musket
bore 3

Wall-piece

a buUi

with all

jiece with \ .

diet 2i| oz. 1
'

Hi
18

25

Initial Velocities.

1399
1736
198i
1504
2056
2060

The following results were obtained with four
muskets of different lengths. The ball was 1 oz. in
weight, and the charge was seven drams of fine war
powder

:

Length of Barrel from
the Ball to the MuMle.

Feet.

1

3
4

Inches.

11

10
8

8

Initial

Velocities.

1037
1390
1736
1815

CHAP V.

On the Actual Rangef of Projectiles in a resitting

Medium,

Hitherto we have considered only the state of pro-
jectUes immediately after they have quitted the mouth

of the gun or piece from which they have been dis- Bati^

charged. We shall now proceed to consider the ef '"r"]"

fects which are produced by the resistance of the air ; "| *
"^

and we shall again have occasion to admire the singu-

lar address with which Mr Robins has investigated this

branch of the subject.

The resistance opposeil to a body moving in a me-

dium of unifom density was always considered by phi-

losophers as proportional to the st]uare of the velocity ;

that is, if a ball moved with four times the velocity in

one part of its path that it did in another, the resistance

to the greater velocity would be l6 times as great. Now,
if we take a ball 4 of an inch in diameter, moving with

a velocity of l6o6 feet in a second, it will be found,

from theory, (see Newton's Pri:ci/ia, Prop 3^.), that

its resistance will be 4j pounds avoli-dupois, the weight

of water being taken to thai of air rs 850 to 1.

In order to compare thi.i result with experiment,

Mr Robins used his ballistic pendulum, with which he

could easily measure the velocity of a projectile at any
point of its path. He charged a musket barrel three

times in succession with a leaden ball \ of an inch in

diameter, and with about half its weight of powder,

and fired it against the pendulum at 25, 75, and 125

feet distance from the mouth of the piece respectively.

The following were the results :

Distance from

the Muzzle.

Tract of air

passed through.

Velocity in

a second.

25
75
125

Feet.

50

50

1670
1550
U25

Hence, in passing through 50 feet of air, tlie bullet

lost a velocity of 120 or 125 feet per second ; and as it

passed through that space in ^ or y^ of a second, tlie

medium quantity of resistance must have been about

120 times the weight of the ha 1, or 10 lb. avoirdupois,

since the ball weighed^V of a pound. It follows, there-

fore, that the theoretical is to the observed resistance

as 4 J to 10.

The following results were obtained with the same
piece

:

Distance from the piece. Velocity.

Medium of

three trials

Medium of
* * * five trials

25 feet

175

1690

1300

In this experiment, the ball lost a velocity of 390 feet

in a second, in traversing 1 50 feet of air ; and the ve-

locity computed from these data is 11 and 12 lbs. avoir-

dupois, even greater than before.

'i'he following experiments were made in smaller ve-

locities. The same barrel, and balls of the same size,

but less powder, were now used.

Distance from the piece. Velocity.

«5feet j^^'l;"™°flll
inve trials J

80

850 J Medium of 1

\(ive trials J
950

The ball, therefore, in passing through 225 feet of
air, lost a velocity of 230 feet in a second ; and as it

passed tlirough that space in VW^hs of a second, the re-
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dwm." From these experiments, it is manifest, th.it the Pnop. I.

•^•^-^ theory of the resistance of air in slow motions, ns csta-

blished l)y Sir Isanc Newton and others, is quite in- T° determine the potential range, and conwquently

correct when a])plied to the rapid motions of military ^^^ ptiU^nti.d random and initial velocity of a given

projectiles. The parabolic theory of gunnery is, there- f^ell or bullet, when its actual range is given, and when
fore, in every respect erroneous. The path of mi!it;irv '^ elevation does not exceed S° or 10°.

Enter the following Tnble with the q'lotient arising

from dividing: theactual ran^e by F, and thecorresiwnd-
ing number in the 2d cohimn, multiplied by h, will

be the potential range required ; and ,is the ranges at

different elevations are proportional to the sines of
twice the angle of elevation, (see Chap !. p. 574. col.

2.) the range at 45", thepotertial random is also given.

Tnen, as the velocity is that which is due to a height
equal to one half of the potential random, f.*^ce p.

5Ti.) the initial velocity is likewise given. Tnus we

have V= V ^ •

re, in every respect erroneous. The path of mi!it;iry

projectiles is neither a parabola, nor approaching to a
parabola, unless when their velocities are very small

;

and instead of their path lying in the same place, it is

in reality doubly incurvatcd, the ball being frequently
driven to the right and left of its original direction by
the iiction of some force acting obliquely to the pro-
gressive motion of the body, occasioned no doubt by the
wliirhng motion of the shot about its axis.

In computing the paths of bodies moving rapidly

through the air, Mr Robins lays down the following

principles which he has deduced from numerous experi-

ments.

First, That the resistance varies as the squ.ires of the
velocities, when the velocities do not exceed 1 100 feet

per -econd; and that a 12 pound shot, moving with a
velocity of 'Z5 feet per second, is half an ounce avoir-

dupois. Hence we shall have its resistance for different

Telocities thus:

Velocity. Rctistance.

25 feet per second ^ oz.

100 8 oz.

500 . . 12^ lb.

1000 50 1b.

1700
_^.

14,4^^ lb.

Second, That if the velocity be greater than 1100
©r 1200* feet per second, then the resistance will be
three litres as great as it should have been by a compa-
ris6n with the sinaller velocities. Thus the 12 lb. shot

above-nientioiied, instead of being resisted by H4 lbs.

will now suffer triple that resistance, or 433^ lbs.

In proceeding to give an account of Mr Robins me-
thod of computing the resistance, we must first explain

tlie terms wliieh lie eniploys.

1. The pol ''III ia/ random of a projectile is the horizon-

tal distance to which it would be thrown in a non-re-

sisting medium, at an anule of 4.5°. If v be the initial

velocity of the projectile in a second, in feet, then the

• 1 ,
2 v» /6HP u

potential random or p =: -^ ,— , or r =: ^/ —'-i- when*^
' 64fteet' V 9

the potential random
64 f feet

t given.

2. The polenird range is the horizontal distance to

which the projectile would be thrown at any angle dif-

ferent from 45°.

'6. The <c uttl ranze is the horizontal distance to

•which the projectile is actually thrown.

In computing the effects of resistance, he assigns a cer-

tain quantity F, adapted to the resistance of the particu.»-

lar projectile This quantity F expressed in yards, in

iron shells, or bullets, is rf x 3( when d is the bullet's

diameter in inches. When the bullet has a different

si)ecific gravity from iron, then F must be increased or

diminished in the ratio of the specific gravities. Mr
Robins then gives the three following propositions,

which are suited to velocities below 1100 or 1200 feet

• Mr Robinft b«s noticed the riraarkable fact, that the velocity at which the projectile tegint to follow a new law ofiesiiiancc, ia

nearly the »ar\t as iLcielocity ol sound. It follows, however, from Dr Hulton's experiments, that there is no such n/Iw frmi

the law of ihc rquareK of tht vclocitiis ; but that the iixrease of the resistance above this law takes place gradually frcm the »ItiT«

est motion, and never rises so high as to be three tinie^ that quantity.

II
1

1

£.:s| 11

?1^

III

1=

< 2 els' II m
0.01 0.0ICO 1.55 2.7890 .?.3 1 3.8258

0.02 0.0201 1.6 2.9413 3.?,5 14.4195
0.04 0.0405 1.65 3.099-i 3.4 15.0377
0.06 0.0612 1.7 3.2635 3.45 156814
0.08 0.0822 1.75 3.4338 3.5 16.3517
0.1 0.1034 1.8 3.6107 3.55 17.0497

0.12 0.1249 1.85 3.7944 3.6 17.7768

0.14 0.1468 1.9 3.9851 3 65 18.5341

0.15 0.1 57S 1.95 4.1833 3.7 19.3229
0.2 0.2140 2. 4.S89O .3.75 20.1446

0.25 2722 2.05 4.6028 38 21.0006

0.^ O.H;!V4 2.1 4.8249 ,S.85 21.8925
0.35 0.3947 2.15 5.0557 3.9 22.8218

04 0.4591 2.2 5.2955 •A.95 £37901
0.45 05258 2.25 5..1416 4.0 24.7991

0.5 0.5949 2.3 5.8036 4.05 25 8506
0.55 0.66C4 2 35 6.0728 4.1 269465
O.ti 0.7404 2.4 6.3526 4.15 28.0887

0.65 0.8170 2.45 6.6435 4.2 29.2792

0.7 0.8964 2.5 6.9460 4.25 30.5202

0.75 9787 Z.55 7.2605 4.3 31.8138

0.8 1.0638 2.6 7.5875 4.35 .33.1625

85 1.1521 2.65 7.9276 4.4 34.5686

0.9 1.2436 2.7 8.2813 4.45 36.0346

0.95 1.S383 2.75 8.6492 4.5 37.5632

1.0 1.4366 2.8 9.0319 4.55 39.1571

1.05 1.5384 2.85 9.4300 4.6 40.8193

1.1 1.6439 2.9 9.^442 4.65 42.4527

1.15 1.7534 2.95 10.2752 4.7 44.3605

1.2 1.8669 3.0 10.7237 4.75 46.2460

1.25 1.5845 3.05 11.1904 48 48.2127

1.3 2.1066 3.1 11.6761 4.85 50.2641

1.35 2.2332 3.15 12.1816 4.9 52.4040

1.4 2.3646 3.2 12.7078 4.95 54.6363

1.45 2.5003 3.25 13.2556 5.0 06.9653

15 2.6422
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The following examples will make this proposition

easily understood. An 18 pounder, with a five inch

iron shot, and a charge of 2 lb. of powder, ranged 975
yards, at an elevation of 3° 30'. In this case, F = rf

X 300 =1500, and -?Z^ = 0.C5, which ffives in the
1500

*"

2d column of the Table 0.817, consequently 0.817F=
1225 yards equal tlie potential range required, which
increased in the ratio of the radius to the sine of twice
the angle of elevation, gives 10050, for the potential

random. The original velocity is then

J— = 98+ feet in 1", -where p is the po-

tential random, or 10050 yards, or 30150 feet.

In order to find the actual range from the potential

range at a small angle, enter the second column of the

Table with the quotient of the potential range divided

by its correspondent F, there will be found opposite to

it in the first column, a number which, multiplied by
F, will give the actual range required. ,

If the potential random deduced from the potential

range exceeds 13,000 yards, then it ought to be correct-

ed for the treble resistance already mentioned. In
order to find the correct potential random, take a 4th
continued proportional to 130,000, and the potential

random is found by this proposition ; and this 4th pro-
portional is the potential random, corrected for the
treble resistance. In like manner, when the true po-
tential random is given greater than 13,000 yards, we
must take two mean proportionals between lii,000 and
this random, and the first of these proportionals must
be assumed, instead of the random given in all the ope-
rations described under this proposition.

For example, a 24 pounder charged with 12 lbs. of
powder, ranged about2500yards at an angle of 7° IS'. In

this case, F is 1700, and = 1.47, opposite which, in
1700

^^

the 2d column, is 2556, which gives the potential range
4350 yards, and the potential random 1 74,000 ; but as

that is more than 13,000, we must take a 4th continued
proportional to 13,000 and 17,400, which is 31,000
yards, the correct potential random required, whence the
velocity is nearly 1730 feet in a second.

Prop. II.

ITie actual range of a given shell or bullet, at an
angle not exceeding 45°, being given, to determine its

potential range at the same angle, and thence its po-
tential random and original velocity.

Let A be the angle of elevatibn, then multiply F by

cos. -r-> *nd the product will be E corrected for the
4

given angle. Use this corrected value of F instead of
F in the way described in Prop. I. and the potential
range will be had, consequently the potential random
and original velocity.

Thus a mortar charged with 30 lb. of powder,
throws a shell 12f inches diameter, and 231 lb. weight',
to the distance of 3450 yards, or two miles, at an
elevation of 45°. The value of F corresponding to
this shell is 12f x300, or 3825 yards; but as the
shell is only four-fifths of a solid globe, the true

4 X 3825
value of F will be —^ =3060, which when mul-

3A .

tipbed by cos. -j- gives 2544 for F corrected. Now
the quotient of the potential range divided by E, or

2^, 13 1.384, which when sought in the 1st column

of the Table gives 2,280, which being multiplied by
corrected F, gives 5800 yards for the potential rano-e

required. This is also the potential random, as the
elevation is 45°, and the original velocity of the shell

will be 718 feet in a second.

In order to find the actual range from the potential
range, divide corrected F by the jiotential range; and
entering the 2d column of the Table with this quo-
tient, the number in the 1st column midtiplied into cor-
rected F will be the actual range sought.

Pnop. III.

The potential random of a given shell or bullet being
given to determine its actual range at 45°.

Make (7=the given potential random divided by F
corresponding to the shell or bullet.

d=.\he difference between the tabular loga-
rithms of 25 and of 9, the logarithm of 10
being supposed unity. Then the actual
range sought will be

3,4 F-f 2 rfF— Tq F when q exceeds 25, and

rf2

3,4 F—••2 d F— -^ F when g is less than 25.

In this solution q may be any number not less tlian 3,
nor greater than 2500.

The following Table computed in this way shews
the relation between the potential randoms and the ac-
tual range at 45% within the limits oi the proposition.

Potential Actual Range Potential Actual Range
Randoms, at 45". Randoms. at 45".

3F . . 1.5 F 50 F . . 4.0 F
6F . . 2.1 F 100 F . . 46 F
10 F . . 2.6 F 200 F . . 5.1 F
20 F . . 3.2 F 500 F . . 5.8 F
30 F . . Z.& F 1000 F . . 6.4 F
40F 3.8 F 2500 F 7.0 F

It is singular to observe that so enormous are the
effects of the air's resistance, that when the potential

random increases from 3 F to 2500 F, the actual range
increases only from 1 a F to 7 F.

In order to examine the justness of the approxima-
tions laid down in Prop. II. and III. Mr Robins has cal-

culated a table of the actual ranges at 45° ofa projectile,

resisted as the square of its velocity.

ing A,.

diuoki

Potential Actual Range Potential Actual Range
Randoms. at 4S« Randoms. at 4fi".

.1 F . .0963 F Q.5 F . 2.169 F

.25 F .2282 F 7.0 F . 2.237 F

.5 F . .4203 F 7.5 F , 2.300 F

.75 F , .5868 F 8.0 F . 2.359 F
1.0 F . .7323 F 8.5 F . 2.414 F
1.25 F . .860 F 90 F . 2.467 F
\.b F . .978 F %B F . 2.511 F
1.75 F . 1.083 F 10.0 F . 2.564 F
2.0 F . 1.179 F 11.0 F . 2.651 F
2.5 F . 1.349 F 13.0 F . 2.804 F
3.0 F . 1.495 F 15.0 F . 2.937 F
3.5 F . 1.624 F 20.0 F . 3.196 F
4.0 F . 1.738 F 25.0 F . i.^^ F
4.5 F . 1.840 F 30.0 F . 3.557 F
5.0 F . 1.930 F 40.0 F , 3.809 F
6.5 F . 2.015 F 50.0 F . 3.998 F
6.0 F . 2.097 F

5
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these hitherto described, nnd is sufficiently correct to
serve as a standard with which the results of the other
rules may be compared.
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The following Table contains the comparison of the
actual potential randoms, from trials made by Antoni
on the banks of the Po, in June 1764, the barometer
standing at ^9 inches.

Rifled carabine, bullets

weighing Jth ofanoz.

Musket, the

weighing 1

bullet

oz.

if

VVall-

Dieces

Balls weighing \

3 07.. 1

liallsweighing f

3;', oz. I
Ballsweighing I

S oz. but equal )

in diameter to
j

34 oz. balls. (^

1956

1736

1855

1770

2068

Elevation.

r 15°

t45°

f 7M5
} 1,5°

21°.20
4.5°

"
1
5»

24'.20
45^

15°

"is.
cS

Yards

.901

.9.'3K

89.5

J)48

13S5
IISI

143S
I75?i

1629

1699

Is
S CO

a. 56

Yards.

298.34

S9S06

7845
I5(>91

2;J537

;J1383

17897
26734
35794

16307

1630 !2268

jtom's

uliod of

(linp the

t ve descri

II by pro

jiiles.

; ATE
• LX.XXV1

biiij'

ctical

xiuis.

In order to determine experimentally the curve de-
scribed by projectiles, Antoni recommends the follow-
ing method. Choose a piece of ground on which the
guns may be placed at the different heights, A, C, D, E,
and fire some rounds from A, the position and charge
of the gun remaining always the same. Having mark-
ed the first graze of the shot at I, fire from C, D, F,

• with the same elevation, direction, and charge, and
mark the grazes at L, B, and Q. The perpendiculars
IH, LK, BM, and QF, will be the abscissae of the curve
described by the shot aiid horizontal lines; AH, CK,
DM, and EF, will be the corresponding ordinates,
from which the curve may be deduced, or traced me-
chanically.

The same result may be obtained by firing the gun
from different points of a horizontal plain against the
face of a mountain.

CHAP. VI.

Mr TioLins' Practical Maxims relative to the Effects and
Management of Artillery, the Flight > Shot and
Shelh.

Maxim I.

In cny piece of artillery whatever, the greater quan-
tity of powder it is charged with, the greater will be
the velocity of the bullet. '

Maxim II.

If two pieces of the same bore, but ofdifferent lengths,
are fired with the same charge of powder, the longer
will impel the bullet with a greater celerity than the
shorter.

Maxim III.

If two pieces of artillery, different in weight, and

forme<l of different raetali, have their cylinders of »-rilnT
equal bores and equal lengths ; then, with like charges Vnim*.
of powder and like bullets, they will each of them (lis- ^^'iy-'
charge their shot with nearly the same celerity. ",',1^

Maxim IV. ir«.mif.

The ranges of pieces at a given elevation, arc no just
measures of the velocity of the shot ; for the same piece
fired successively, at an invariable elevation with the
powder, bullet, and every other circumstance as nearly
the same as possible, will range toverydifferentdistances.

Maxim V.

The greatest part of that uncertainty in the ranges
of pieces, which is described in the preceding maxims,
can only arise from the resistance of the air.

Maxim VI.

The resistance of the air acts upon projectiles in a
twofiild manner ; for it opposes their motion, and by
that means continually diminishes their celerity ; and
it, besides, perpetually diverts them from the regular

course the)' would otherwise follow ; whence arises

those deviations and inflections mentioned in Maxim XI.

Maxim VII.

That action of the air by which it retards the motion
of projectiles, is in many instances an immense force ;

and hence the motion of these resisted bodies is totally

different from what has been generally supposed.

Maxim VIII.

This retarding force of the air acts with difltrent de-

grees of violence, according as the projectile moves
with a greater or lesser velocity ; and the resistances

observe this law : that to a velocity which is double
another, the resistance (within certain limits) is four-

fold, and to a treble velocity ninefold ; and so on.

Maxim IX.

But this proportion between the resistances to two
different velocities does not hold, if one of the velocities

be less than that of 1200 in a second, and the other

greater. For in that case the resistance to the greater

velocity is near three times as much as it would come
out by a comparison with the smaller, according to the

law explained in the last maxJm.

Maxim X.

To the extraordinary power exerted by the resist-

ance of the air, it is owing that when two pieces of dif-

ferent bores are discharged at the same elevation, the

piece of the larger bore usuiilly ranges farthest, provi-

ded they are Iwth fired with fit bullets, and the ca?-

tomary allotment of powder.

Ma.riin XI.

The greatest part of military projectiles w D, at the

time of their discharge, acquire a whirling motion round

their axis, by rubbing .igainstthe inside of their respec-

tive pieces ; and this whirling motion will cause them

to strike the air very differently from what they would

do, had they no other but a progressive motion. By
this means it will happen that the resistance of the air

will not always be directly opposed to their flight; but

will frequently act in a line oblique to their coarse,

and will thereby force them to deviate from the regular

tract they would otherwise describe. And this is the

true cause of the irregularities described in Maxim A'.



584 GUNNERY.
Practiciil

Maxims.

Robins'

practical

nuuuuu.

Maxim XII.

From the sudden trebling the quantity of the air's

resistance, when the projectile moves swifter than at

the rate of 1200 feet in a second, (as has been explain-

ed in Max. IX.) it follows, that whatever be the regu-

lar range ofa bullet discharged with the last-mention-

ed velocity, that range will be but little increased, how
much soever the velocity of the bullet may be still far-

ther augmented by greater charges of powder.

Maxim XIII.

If the same piece of cannon be successively fired at

an invariable elevation, but with various charges of

powder, the greatest charge being the whole weight of

the bullet in powder, and the least not less than the

fifth of that weight ; then, if the elevation be not less

than 8° or 10°, it will be found that some of the ranges

with the least charge will exceed some of those with

the greatest.

Maxim XIV.

If two pieces of cannon, of the same bore but of dif-

ferent lengths, are successively fired at the same eleva-

tion, with the same charge of powder, then it will fre-

quently happen, that some of the ranges with the

shorter piece will exceed some of those with the longer.

Maxim XV.

In distant cannonadings, the advantages arising from
long pieces and large charges of powder are but of lit-

tle moment.

Maxim XVI.

In firing against troops with grape-shot, it will be
found, that charges of powder much less than those ge-
nerally used are the most advantageous.

Maxim XVII.

The principal operation in which large charges of
powder appear to be more efficacious than small ones,

are the ruining of parapets, the dismounting of batteries

covered by stout mortars, or battering in breach; for in
all these cases, if the object be but little removed from
the j)icce. every increase of velocity will increase the
penetration of the bulkt.

Maxim XVIII.

Whatever operations are to be performed by artille-

ry, the least charges of powler with which they can be
effected are always to be preferred.

Maxim XIX.

Hence, then, the proper charge of any piece of artil-

lery, is nbt that allotment of powder which will com-
municate the greatest velocity to the bullet, (as most
practitioners have hitherto maintained,) nor is it to be
determined by an invariable proportion of its weight to
the weight of the ball; but, on the contrary, it is

such a quantity of powder as will produce the least
-^velocity necessary for the purpose required ; and in-

stead of bearing always a fixed ratio to the weight of
the bulltt, it must be different according to the different
busmess which is to be performed.

Maxim XX.
No field piece ought at any time to be loaded with

f of the weight of its
more than J, or the utmost f of the

bullet in powder. Nor should the charge of any bat-

tering piece exceed y tlie weight of its bullet.

Maxim XXI.

The depth to which a bullet penetrates in a solid

substance is a much more definite criterion of its com-
parative velocity than the distance to which it ranges

when fired at an elevation. For when the velocity of

the bullet is doubled, it penetrates into an uniform sub-

stance near four times as deep, and with three times

the velocity near nine times as deep ; * so that, with
different velocities, the penetrations vary in a much
greater proportion than the velocities themselves.

Maxim XXII.

Hence then in all contests about the greater or less

velocity which a bullet acquires from different quanti-

ties of powder, or from different lengths of pieces, or

different methods of loading ; the most decisive expe-
riment is to try the penetration of the bullet into some
uniform substance, placed at a small distance from the

muzzle of the piece ; since that bullet which, in re-

peated trials, penetrates deepest, may be concluded to

have been discharged with the greatest celerity.

For farther information on the subject of gunnery,
see Tartaglia's Colloquies concealing the Art ofsho(jting

in great and small Pieces of Artillery, translated by Lu-
cas, Lond. 1588. CoUado's Praclica Manuale D'Ar-
tiglieria, Venice, 1586. Bourne's Art of shooting in

great Ordnance, 1693. Eldred's Gunner's Glasse, 1646.

Galileo's Di^cursus et Demonstraliones Matkematica:,

16.38. Anderson on the genuine Use and Effects of'

the Gun, 1 674. Blondel, L'Art de jettcr les Bombes.
Greave's on the Force of Guns, in the Phil. Trans.

1685, vol. XV. p. 1090. Halley, Phil. Trans. 1686,

vol. xvi. p. 3; 1695, vol. xix. p. 68. Newton's Priti^

cipia. John Bernoulli, Mem. Acad. Par. 1711; and
Act. Lips. 1713. Brook Taylor, Phil. Trans. 1726,

vol. xxxiv. KeiU, Journal Literaire de la Haije, 17I9>

p. 151. D. Bernoulli, Comment. Petrop. vol. iv. p. 136.

Mariotte on the Recoil of Fire Arms, in the Mem. Acad.

Par. vol. i. p. 233. Cassini on the Recoil, Id. 1703.

Cassini on llie Effect of dffereut Charges, Id. 1707.

Guisnee on the Galilean Theory, Id. 1707- Ressons,

Id. 1716, p. 79; and 1719 and 1720. Maupertuis, Id.

1731, p. 297. Jurin. Phil. Trans. 1742, p. 172. St

Remy's Mrmoifs of Arlillerrj, vol. i. p. 6^. Robins'

New Principles of Gunnery, Id. translated by Euler, and
retranslated into English by Brown. Euler, Mem.
Acad. Berlin, 1753, p. 34. Krafft, Acta Pelropol. vol.

iv. i. 154, ii. 175. Leutmann, Comment. Petrop. iv.
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* Dt Hutten has fonnd that the penetrations are in a much loirer proportion.
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unpowder. GUNPOWDER, is a compound of nitre, sulphur,

and cliarcoiil. Tlic chemical action which these few ele-

meiitiiry Ixxlies exert on each other, has many times de-

termined the fate of nations. More human beings have
fallen victims to its power than at present exist up<in

tlie face of the ^lobe, and it is now considered as tlie

most eft'ective agent in modern warfare,

istory of The history of this surprising substance is cloudwl
inpowder. ^-itf, niucli obscurity, and this we deem sufficient for

not entering minutely into this branch of our subject.

Polydore Virgil, and Thevet, attribute the discovery

of gunpowder to a monk named Constantine Anelzen,

who was a chemist of some celebrity in his time. Others

assert, with much probability, tliat it was discovered by
Bartholdus Schwartz, about the year 1.320.

The Venetians are said to have usetl gunpowder du-
ring a war with the Genoese, in the year 1330. In

I sib", cannon and gunpowder were used at the battle

of Cressy ; and about the same time at the siege of Ca-
lais.

Long before any of these periods, gunpowder is said

to have been discovered by Roger Bacon. In a work
written by him in 1 280, he points out the composition

of gunpowder ; and was so much aware of its impor-

tance, as to recommend its explosive powers as the means
of destroying armies.

The Chinese, and probably other nations of the East,

with whom most of the arts have originated, appear to

have been acquainted with a variety of these explosive

compounds long before they were known to Europe.

It appears almost impossible, that, in countries where
nitre is found in the soil, the commonest people should

have been ignorant of the action between carbon and
nitre. If sulphur were not present, still the effects

would be remarkable.

The preparation of gunpowder is divided into three

principal departments. 1st, The choice and purifica-

tion of the materials ; 2d, The adjustment of the pro-

portions, by which a maximum of explosive power may
be produced ; and 3d, The incorporation of the mate-

rials, which is a mechanical process not of less impor-

tance than the other departments,

i of In the choice of nitre, no rule is so important as the

i il-' form and size of the crystals. It is necessary first to ex-

amine whether the nitre affords any foreign matter dif-

ferent from nitric acid and potash. It sometimes contains

nitrate or muriate of lime, magnesia, and perhaps muri-

ate of potash. First dissolve a small portion of the ni-

tre, and filtre the solution. To a little of this, add a

few drops of a solution of sulphate of silver. If a blu-

ish white precipitate falls down, which turns darker co-

loured by exposure to the light, then the nitre contains

muriatic acitl, combined with some of the bases above

mentioned ; namely, lime, magnesia, potash, and pro-

bably soda. Take another portion of the solution of

nitre, and drop into it a solution of oxalate of ammonia.
If a white precipitate falls down, it shows the presence

of lime. To a third portion of the solution add a little

pure ammonia, then ifany precipitate is found the nitre

contains magnesia.

In particular experiments, the tests above mentione<l

nnght be used to separate the foreign matter ; but for

general use, this would be too expensive ; and the only

practicable metliod of purifying nitre, is by frequent so-

lution, evaporation, and careful crystallization. When
tlie crystals are transparent, clear, and well formed into

distinct prisms, the nitre may be looked upon as pure.

It is well to test it after every fresh crystallization, to

VOL. X. PAUT II.

know when it may be relied upon. If nitn> nhould Onpavte.
contain any alkaline sulphate, the test for thii tubstance ""V""*
will be a solution of nitrate of baryte.<i. If a prccipi-
tafe is pnKluced, add more of the same RubRtanre care-
fully till no more is precipitated. By thia meant the
sulphate of the alkali bcKvimes a nitrate, which in nitre.

Tlie French motho<l of purifying nitre for the manu- f'och m«-

facture of gunpowder is verj' simple, and has been prac- '^ "^ '"'

tise<l with success. The nitrate or muriate of lime, or "„ '"* "**

the same acids with mngncnia and even common salt,

are more easily soluble in cold water than the nitre it-

self; but particularly the earthy salts, which are most
injurious. This property presents an easy meaiu of
separating them from the nitre.

The French, for this purpose, first coarsely pound
the crude nitre, and put it into a copper, adding to it

20 per cent, of cold rain water. The mixture is then
stirred, and allowed to remain for 6 or 7 hours. The
liquid part is now drained off, and 1 per cent, more
water added, which, afYer stirring as before, is allowed
to remain one hour, and then drainetl off as formerly.

Lastly, 5 per cent, of water is to be added, and drained
off as before, leaving the whole to drain completely.

By this means the deliquescent salts are carried off, and
also a portion of nitre, which may afterwards be 8epa«

rated for commonpurposes.
The drained mass is now to be dissolved, by adding

to it ,50 per cent, of pure water at 2I2^ This solution

is next to be placed in shallow leaden vessels in a cool

place, in order to allow the nitre to crystallize, which
very soon takes place. During the crystallization the

solution is frequently agitated, to prevent the crystals

from being too large. It is an object to have the jirisms

not thicker than needles, in order to promote their

more speedy desiccation, previous to its l>eing reduced

to powder, for mixing with the sulphur and ch.nrcoal.

As the crystals are deposited, they are removed uito

baskets to drain. They are ultimately placed in wicker

wooden vats with double bottoms, the superior botti.m

being perforated, so as to allow the water to <lrain

tlirough into the cavity below. This nitre is deemed
sufficiently pure for making gunpowder.
The choice of the sulphur for making gimpowder, is ,\(ci}iad of

easy to those who are experienced. It .'hould be of a choosing the

lively yellow colour. Its specific gravity shoiild not nJplmi.

be great. It should appear porous, but not shining.

When a bit of it is burned upon a piece of clean glass

or porcelain, it should leave no resiiluum.

If it does not answer these characters, it should be
melted at a low heat, and skimmed from time to time.

If this is not sufficient, it should be sublimed at the

lowest possible heat. The sulphur which is extracted

from pyrites, is never sufficitntly pure tor this puqiose.

That from Italy and Sicily, which is naturally sublimed

by the heat of volcanoes, is the most pure.

In the choice of charcoal, it w.is once deemed an ob- ;M,th,Ki »{

ject even to make use of peculiar kinds of wood ; but clHimiDR the

now any kind of wood properly charre<l is employed. ch«reu»l.

The charcoal which is formed during the distillation of

the pyrolignic acid, is now generally prefcrretL

Having pointed out the proper materials, it will now
be necessary to shew the manner of intimately mixing

them together ; for certainly we cannot with propriety

call gunpowder a comjiound. Since tliat sort of con-

tiguity essential to their readily exploiting, depends

upon mechanical and not chemical union, it will not be

wondered that gunpowder should differ so much in its

qualities even willi the best proportions. All the ex«

4 jc

i
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Method of

combiiiing

the mate-

Process of

working the

paste.

Gunpowder, plosive chemical compounds, such as fulminating gold

—"V—' and silver, are uniform in their effects, because their

formation is the result of chemicnl union.

The first business in preparing gunpowder, is to

pound the materials, and pass them through fine sieves.

Then for 100 pounds of powder, weigh 75 i nitre, 11.8

sulphur, and 12.8 charcoal. These powders are to be

intimately mingled, till the mass assumes a uniform

colour ; that is, till no specks of yellow, white, or black

appear ; for the nitre, after its crystals have been dried

and powdered, becomes as white as flour. Water is

now to be added, and the mass agitated till it assumes

the form of a stiff but kneadable paste. In this state,

it has been formerly kneaded or beaten in mills, called

turning mills. This apparatus consists of large mor-

tars, with pistols or stampers of lignum vitae. These

are still worked in some manufactories, but in the works

of government they are laid suMe, on account of the

danger arising from the heat of percussion. The ma-

chine substituted for this seems much better. It con-

sists of a large stone in the form of a grindstone, which

is made to roll upon its edge in the circumference of a

circle. A vertical shaft turns in the centre of the cir-

cle. A horizontal shaft works in the centre of the

stone, the height of which is equal to the radius of the

circle, in the periphery of which the stone is to roll,

the end of this horizontal shaft being fastened into the

vertical shaft. It will be evident that when the latter

turns round, the rolling stone will go round just as a

cart wheel is carried round by drawing the cart for-

ward. The edge is a little rounded on the face, and
•works in a circular bed or trough, containing the paste

to be worked or kneaded. The stone now goes round
upon the paste, squeezing it flat. The point of con-

tact is constantly preceded by a scraper, which goes

round with the stone, and which constantly turns the

paste, previously flattened, into the track of the stone, so

that a new surface is always presented to its action.

The size of this apparatus is sufficient to work from 50
to 60 pounds at once. It is driven by a steam engine,

a water wheel, or by horses.

The paste being sufficiently worked, which cannot be
too much, is now sent to the corning house, where a se-

parate mill is used for forming the paste into corns or
grains.

^^
This process is performed in sieves with parchment

granulatrng bottoms, perforated with holes. These sieves are pla-

*e powder, ced upon a revolving horizontal plane. The paste, in

a certain state of dryness, is put into the sieves, and a
piece of lignum vitae in the shape of an oblate spheroid
laid upon it. A rotatory motion is given to the sphe-
roid at the time the sieves are revolving. This forces

the paste in small grains through the holes in the parch-
ment, which is received below.
The granulated matter consists ofparticles of very dif-

ferent sizes, and some reduced to dust. These are pas-
sed through wire sieves of different sizes, to give the
different sized grains in which it is sold. Those which
pass through the finest sieve, and which are called dust,
are made up into paste, and worked over again,

'ipention of T*^.^
proper grains are next to be glazed or pohshed.

jwlishjng. T^'* *^ performed in a very expeditious manner, by put-
ting the grains into a revolving cylinder, working like
a barrel churn. This vessel should not be more than
half full at once. The grains, by rubbing one against
another, become smooth, and approach a spherical form.
The next operation, which has been attended with the

greatest danger, is the drying. This has generally been
effected by placing the powder upon shelves on three

Method of

Of drying.

sides of a small room, on the other side of which is an Gunp(nrti<|

iron stove ; the fire being fed from the back of the wall. """S^J
'

When we recollect that the stove itself is frequently hot

enough to explode gunpowder, it is surprising that
j

more safe methods have not been adopted. Steam ap- OperaUorf.<

pears to be the most proper agent to be employed, not drying.
, :

only for the sake of avoiding danger, but it is better

calculated to dry the powder more effectually, without
|

•

any fear of the powder being injured in its quality. It ii

is recommended that powder be not dried too quick, or
;

i

with too great a heat, for fear of volatilizing the sul- 1

phur. All these precautions are unnecessary with steam. j.

as sulphur only evaporates at 220" ; and steam would '

^

not raise it so high as 212° without pressure. The
shelves on which the powder is laid to dry might be
made of cast iron, and hollow. The inner cavity might
have a sloping bottom, so that when the steam came
into it from a boiler below, the water, after condensa-
tion, might run back into the boiler. There would, ot

course, be no waste of water, which should be rainwa-
ter. The steam might be formed from a fire at a suffi-

cient distance, to avoid the risk of any accident. This
method would not be less desirable in an economical
point of view. The powder should be kept on the

stove till the time of barrelling, for which the finest dry
weather is always preferred.

A very great improvement has lately been made in

preserving gunpowder, by using barrels of copper in-

stead of wood. These barrels are first made water and
air tight ; and then the lid screws on so as to exclude

completely all communication with the atmosphere.

This has been of the greatest importance, particularly in

the navy.

Having given the direct practical method of forming
gunpowder, we shall now give some accoimt of its che-

mical properties, from which alone we can get at any
true theory of its effects.

The ingenious Mr Robins appears to have been the chemicc

first who has examined gunpowder scientifically. He propertii i

very properly conceived that its power consisted m the gunpow^i

evolution of an abundance of some elastic fluid libera-

ted in an instant, and strongly increased in its force by
the heat attendant on the explosion. Having convinced

himself that a permanently elastic fluid was generated

during the explosion of gunpowder, his next business Experi.j 1

was to ascertain what proportion this boreto the whole ments o 4

weight of the powder. For this purpose, he exhausted Mr Rolf!

the receiver of an air-pump, the capacity of which was
equal to 520 cubic inches. In this he suspended a hot

iron capable of firing gunpowder, and a mercurial gauge
to ascertain the force of the air generated. On letting

27 grains of powder fall on the iron, the mercury indi-

cated an increase of eLastic fluid, which raised it two
inches ; and upon repeating the experiment, he found

this result confirmed. The barometer at this time was
30 inches, so that the quantity of elastic fluid generated

was equal to ^Vth of an atmosphere. He guesses the

temperature of the receiver to be such as to increase

the volume fth of the whole. He then calculates the

weight of this volume of gas, allowing its specific gra-

vity to be the same with common air, to weigh 131

grains, for every ounce of 437.5 grains of gunpowder,
which is ^-|4i or nearly -^^^ of the whole.

From determining the specific gravity of gunpowder,

he found that the bulk of the powder to the volume of

gas generated, was as 1 to a**.
He next supposes that the heat generated by the ex-

plosion of the powder, would have the same effect in

expanding the generated elastic fluid which a red heat
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mpovilrr. would produce. He tljen ascertained, by an experi*

tncnt, tlint air was increased in volume by a red he«t

4.1 times nearly. This would make the volume of the

powder to that of generated air as I to 1000 nearly.

The force which would arise from such an increase of
volume, Mr Robins tinds adequate to the eft'cct of the
powder in practice, and in a very ample manner agreed
•with his theory.

We liave to lament that these experiments were not
made with more precision. The gases generated were
considered by Mr Kobins as common air, the specific gra-

vity of which is 1. These gases, however, being a mix-
ture of carbonic acid, carbonic oxide, and azotic gases,

should have been taken at a mean not less than 1.25.

There is aUo some uncertainty about the allowance
made for the heat of the receiver; and the volume was
not increasetl by that circumstance so much as ^th of
tlie whole, which he supposes to be the case. The very
little which was known of gaseous chemistry at the

time Mr Robins made his experiments, does not admit
of our wondering that no more was established by his

labours. The constituents of nitre were then little

known ; and therefore the nature of the gases resulting

from the decomposition of gunjx)wder could not be as-

certained. He was satisfied witli calling the gaseous pro-

duct air, and supposed it to have only the properties of

common air. In order to apply the chemical facts at

present known to explain the nature of gunpowder, we
shall compare the proportions of tlie ingredients used
by different manufacturers, with those proportions

which theory would point out, in order to produce a
maximuvi effect.

An intelligent account of making gunpowder has

been given by Mr Coleman, of the royal gunpowder
mills at Waltham Abbey. [Phil. Mag. vol. ix.) In
some observations at the end of the paper, Mr Coleman
has taken a very proper view of the theory of gunpow-
der, by giving some calculations relative to the result-

ing products. He has taken into the account the wa-
ter, which he rates at 4' per cent. It has not been as-

certained, that water undergoes any change in the de-

composition of gunpowder ; nor, indeed, is it very pro-

bable that any such effect takes place. He has also

given too little oxygen for sulphurous acid. He states

it to be SO per cent, when it is actually 50. It appears

from experiments made in the firing of gunpowder,
that very little of the sulphur enters into combination
with the oxygen, and we believe not after the carbon is

kindled. The residuum is always very near a complete
sulphuret of potash; and the quantity of sulphur used

in the composition is seldom more than is just sufficient

toforjTi the sulphuret. This is rendered highly proba-

bable, from the fact of gunpowder possessing the same
strength with very different proportions of Sulphur.

Indeed, M. Chaptal has made verj* good gunpowder
without sulphur. It is however different in a mechani-
cal point of view, and on that account wouhl not an-

swer in practice. It is therefore highly probable, that

the sulphur does not form sulphurous acid when the

explosion takes place, since oxygen seems to unite with
the carbon alone. The potash, when deserted by oxy-
gen and the nitrogen, assumes the form of a fine dust
of powder, and the sulphur the form of v.ipour. These
combine, forming a sulphuret of potash, which appears
in white fumes, and adheres to surrounding bodies.

The moment this white efflorescence is touched with
the tongue, the exact taste of sulphuret of potash is

perceived. If the carbon were very defective in quan-
tity, and the sulphur in the usual proportion, some sul-

phurous acid would doubtless l>e formed, and thc<
smell of it would be very perceptible, in the fumei re-

sulting from its decomposition ; but no amell of this

kind is perceived in the explosion of ordinary gun-
powder.
The following Tabl' s some of the proportion* PimmIsm

used by diflcreut man in this and oilier coun- if
"•'•••

tries.

V'uieties of Gunpowder. Nitre. rharoMl Suiphur.j

Mr Coleman, of the Royal
|

Mills at Waltham Abbey, J
Generally used in France, .

War powder of France, . .

Result of experiments by M. \
Chaptal, j

Used in China
Result of Mr Napier's me-'

thod ofapproximating the

true proportions, .....

75

76
75

77

75.7

80

15

12

12.5

\\

14.4

15

1

10

12

12,5,

5

Average, Id.ij 13.81 9.73

Doubtless aU these varieties are very good powder,
which would not have been the case had the charcoal

been as uncertain in its proportions as the sulphur.

It will be admitted on all hands, that the best gun-
povxdcr must result from such materials as explode
the quickest, leaving the least possible residuum, and
affording the greatest possible volume of elastic fluid.

Now, if sulphur did, by its combination with oxygen,
form an elastic fluid, the resulting gas, which is sul-

pliurous acid, is nearly 1..5 times heavier than carbo«

nic acid, and therefore contributes less force in a given
weight. It will be found, when nitre is deflagrated

with charcoal, that carbonic oxide is forme<l as well aa

carbonic acid, which contributes more clastic force than

the same weight of c.trbonic acid.

There is one good reason to be given for the use of

the sulphur, although it does not contribute to the

production of any elastic fluid. The carbonic acid

which is generated, would doubtless combine with tlie

potash, if it were not for the pre.'ience of the sulphur
;

and thus so much clastic fluid would be lost. That this

is the case, we know from the fact, that carbonate of

potash is always formed when nitre is decomposed by
charcoal alone. This woidd be tlie ca.se to a certain ex-

tent with gunpowder made without sulphur; some car-

bonate of j>otash would be formed.

It will appear from these facts and observations, that

the proportions for gunpowder will be those in which

the carbon will just consume the oxygen of the nitre,

and the sulf>hur as much as will exactly saturate tlie

potash. This will be effected by an atom each of nitre

and sulphur, and three atoms of carbon, or nitre 95.B ;

charcoal 16.2; .nnd sulphur 15. These will give in

tlie 100 nitre 75.1.; of chaicoal 11.8 ; and sulphur 12.8.

These proportions agree with the best in jiractice. The
bodies which result from the decompositions of this

compountl, will be in 126.7 parts, 60 of sulphuret

potash; 40.^ of carbonic acid; 12 9 of carbonic oxide;

and 13 of azot.

The throe latter are elastic fluids, equal to 66.7 out

of 126.7, or ,V of the whole nearly. Mr Robins made
the gaseous product Vrj of the whole. This la-^t num-
ber, when the specific gravity of the gas is taken

right, will differ very little from our calculation.

In the 66.7 by weight, (suppose grains.) we have
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milling the

trcrgth of

Carbonic acid .

Carbonic oxide

Azot

40.8 = 87 cubic inches

12.9 = 4-2

13. = 40.6

Total 169.6

Now Mr Robins found that 27 grains of powder ge-

nerated as much air as made -rV of an atmosphere in a

space equal to 520 cubic inches. This at the pressure

of the atmosphere, which was at the time equal to 30
inches, would make 34.6 cubic inches. The increased

temperature whicli the receiver got by the explosion,

might reduce this to 30 or 31. We find from our cal-

culation that 126.7 of gunpowder generates 1 69.6 cubic

inches of gis. Then as 1'26.7 : '27 : : I69.C : 35.7 cu-

bic inches, which is only three cubic inches different

from Mr Robins' experiment. This might arise from
his powder not consisting of proper proportions.

In the present improved state of chemical science,

when the nature of the bodies constituting gunpowder
are so well imderstooti, as well as the compounds re-

sulting from their action on each other, the proportions

above given may be taken as the best for practice. The
charcoal should, in particular, not be less in proportion

to the nitre, as the smallest portion less than a whole
atom would be the same as to leave out the whole atom,

in which case there would be no carbonic oxide form-
ed. If, for instance, instead of the proportions 95-5
nitre, 16.2 charcoal, and 15 sulphur, the carbon was
16, then there would be 4.2 of carbon left in the re-

sidutim, and no carbonic oxide would be formed ; since

bodies cannot unite but in definite proportions.

The reason \Ahy carbonic oxide is formed during
the decomposition of nitre by charcoal, will be obvious
from nitric acid having five atoms of oxygen. Four of
these unite with two of carbon to form two atoms of
carbonic acid, while the odd atom of oxygen is com-
pelled to take another atom of carbon to form carbonic
oxide. The writer of this article found the presence of
the latter substance a fatal objection to getting pure
carbonic acid by deflagrating nitre with charcoal.

The goodness of gunpowder is known to those ex-
perienced in it by its appearance. It should not be
strictly black, but ofazure grey inclining to red. The
grains should appear uniform, both to the eye and to
the touch. If some rub to powder sooner than others,
it shows that the mass is not well mixed.
When it is fired on clean paper, or on a clean board,

it shoidd not soil it, or leave black spots. The smoke
arising from it will form a circle or ring, more or less

perfect as the explosion is more or less rapid, and is

a good test of its strength.

The best and most certain test of the strength of
gunpowder is the cprouvelte. This is a machine in
which the powder acts against a weight in order to
raise it to a given height. The powder in these ma-
chines, however, acts by a sudden impulse, and not as
It acts in a gun, which is by gradual pressure during
the whole time the charge is passing through the barrel.
Hence the common powder powers are very imperfect,
and have been long deemed insufficient. Tile French
method of trying powder is more to be depended upon,
but it IS more tedious, and takes up too much time for
practice.

Each of the magazines for powder have a small
mortar, exactly of the same size, and capable of con-
taining a ball of 7^ inches in diameter. The mor-
tar IS elevated to an angle of 45°

; and when the pow-
der IS of the required strength, 3 ounces of it is ca-

pable of projecting the ball of the above size 55 French Gun
fathoms.

Mr Robins proposed a much more certain apparatus Methodi*
for trying the strength of powder, which has since been determinhi

executed and reduced to practice by Dr Button. It is ''"> streng

founded on tiie principle tliat the momentum of the "^
*^l'"'

gun and the charge must be equal, or tliat the force of
the powder, which is equally exerted upon botli, will

generate velocities in each, which will be inversely as

their quantities of matter. Thus, if the weight of the

charge were 1, that of the gun being 100, then their

velocities will be reciprocally as these numbers. For
this purpose, Dr Hutton's machine consists of a brass Pi-^te

cannon of about one inch bore.* It is suspended in ccLxxxr

such, a way, that the arch of its recoil can be easily ascer- ° '

'

taincd. The gun is generally charged with two ounces
of powder. The arch of recoil gives the velocity

with which it is propelled, and hence the force of a
given quantity of powder. No wadding is used in this

method, tiie powder being merely collected into as
compact a mass as possible. In these experiments, it

should always be ascertained whether the whole of the
powder be fired.

The strength of powder might be very conveniently
and correctly ascertained, by firing a bullet into some
uniform medium, such as sand or clay. The medium
may first be tried, by letting a ball fall from a given
height into it, and observing the depth to which it has
penetrated. Since these depths are the spaces through
which the ball has passed to lose motion, which is sup-
posed to have been uniformly retarded, they will there-

fore be as the squares of their velocities. Hence,
when the space has been determined by the falling

body of which the velocity was known ; the first ve-

locity of the projected body may be determined, the
space through which it has penetrated being known.

Since the force oi' gunpowder is exerted in a manner
similar to the action of condensed air, which is ana-
logous to the action of a spring, there appears nothing
more necessary to be known than the volume of elastic

fluid set free, and its temperature, to know what is its ve-

locity of expansion when no matter has to be moved.
Mr Robins first ascertained the volume of air formed

by a given quantity of gunpowder, and then supposed
that this elastic fluid was exposed to a heat equal to

redness, by the explosion ofgunpowder. He also found
by experiment, how much the volume of a given bulk
of air was increased by a red heat. The first produc-
tion of air gave him a force of about 244 atmospheres,

or that the original volume of gunpowder was multi-

plied by that number. The red heat he found would
multiply this volume by about 4.1. This gave about
1000 times for the increase of volume. Tiie force

of its first action would therefore equal so many atmo-
spheres, or 1000 X 15 pounds upon a square inch. When
this force begins to move, it decreases with the dilatation,

and exactly in the same ratio. Mr Robins not only as-

certained the velocity given to the bullet by a given

weight of powder, but he fired the powder alone, which
having no weight to move, would expand itself with

the greatest velocity. He found that, under these cir-

cumstances, tlie velocity of expansion was 7000 feet in

one second.

In these experiments, the charge, at a small distance, Plate
was fired at a piece of wood, constituting the bob of a cclxxxp
pendulum. This pendulum had a ribbon attached to ''"ig- 1*.

it, which was slightly held between two surfaces, so

that when the pendulum vibrated, the length of the

See the Deiieription of this Plate at the end of the Volume.
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J'"' ribbon drawn out, measured tlie cord of tlie arch of vi-

bration, by which the velocity of the striking body was
known. See the Description ofPlatrs.

' Count Itumford has a<ivanced some new notions re-

spectiiiff gunpowder, deeming the reasons lor its power
given by Mr Robins insufficient, viz. the gases and the
heat. I le attributes the power of the powder to the
vapour of the water it contains, and supposes the heat

to be the result of friction. His views of the subject have
not been countenanced by other pliilosophers, as they
appear to be contrary to experience. Mr Robins, and
more recently Mr Coleman, found that powder was the

strongest in its most dry state, if none of the materials

were injured, and tliat it became weakened by the

slightest quantity of moisture.

Notwithstanding all the caution used in purifying

the nitre, all powder has a great tendency to absorb
moisture from the atmosphere. This may go on to a
considerable extent, without any permanent injury to

the powiler, its power being restored by drying. If,

however, the water absorbed be sufficient to effect a so-

lution of nitre, the latter afterwards crystallizes, and
appears like hoar-frost upon the grains of the powder :

This is culled the starting of the saltpetre, when the

powder is not capable of being restored to its original

strength by drying ; for the nitre is, to a certain extent,

detached from the other two ingredients. Powder is

sometimes so much injured by dampness, as to be of no
value, except in so far as tlie nitre can be recovered

from it by solution, (c. s.)

GUNPOWDER Plot. This conspiracy, one of the

most iniquitous and daring treasons recorded in histo-

ry, was the memorable offspring of religious bigotry.

It had its origin in the disappointed zeal of the Catho-

lics, and has contributed more than any thing to fix

upon themselves that very intolerance, of which tliey

have given so many and such dreadful examples.

After the death of Mary, who was regarded as a mar-
tyr to their cause, they rested their last hope on the

favour and protection of her son. Of these they pre-

tended to have received the most unequivocal assurance;

and mere toleration was among the lowest of their an-

ticipations. James quickly undeceived^them ; and
though certainly less hostile to their religion than jea-

lous of the papal supremacy, he shewed a confirmed
resolution of at all times enforcing against them the
enactments of the two preceding reigns. Their sur-

prise and rage at this conduct were excessive. They
saw nothing before them but submission or revenge

;

and they chose their part. Robert Catesby, a gentle-

man of ancient family, and whose character in other

respects suited little with the desperation of a zealot,

formed ihe terrible scheme of at once avenging and re-

trieving their lost ascendancy. He imparted his

thoughts to a few zealous Catholics, among whom were
Piercy, Rookwood, and Sir Everard Digby. A meet-
ing was held, to consult what measures would best ac-

complish their purpose. Piercy, in the true spirit of fa-

naticism, proposed to assassinate the king, and to be
himself the instrument ; but Catesby, with deeper pur-

pose, laid before them a wider plan of vengeance. He
represented to them the inefficacy and the danger of stri-

king a single victim, which would but mark out them-
selves for a more dreadful atonement. He shewed them
that the whole of their enemies might be struck at once,

by running a mine below the House of Pai-liament, and
when all should be assembled at the opening of the ses-

sion, blowing them up in one common ruin, and con-

signing them, as he chose to express himself, " firom

flames above to flames below." The arheme was rccei* 0\

veil with cnthu»insm. A few more Catholic* were ta>
ken into the plot ; and, with the other*, had thwr con-
scieuees absolved by tlie Jesuits f iarnet and Teiimond.
Among these was the famous Guy Fawken, who had
been sunt for from Flanders, and waa well fitted, by
hi.s zeal and intrepidity, to take a ]>rorainent dhare in
this extraordinary enterprize.

The plot being now fully concerted, a house adjoin-
ing the House of Parliament was hired in Piercy g name,
and the operation commenced towards the end of the
year lO'CH. Nothing could exceed the industry with
which it was forwarded. A store of provisions was taken
in to prevent the necessity of interruption ; and the
conspirators came armed to the work, determined to
succeed, or perish in the attempt.

Between the houses was a partition wall, three yards
thick. This, after much labour, they succeeded in pier-

cing ; but just as the work opened to the other side,

they were alarmetl by an unaccountable noise from be-
low. Fawkes, who passed himself for Piercy 's valet,

went out to enquire into the cause, and learned, to their

inexpressible satisfaction, that the sounds they had
heard proceeded from a coal vault under the House of
Lords, where coals were at that moment selling off, and
that the vault itself would be let after the sale. The
conspirators seized with eagerness the opportunity,
bought up the remainder of the coals, and hired the
place. Thirty-six barrels of gunpowder were procured
from Holland, conveyed into the vault, concealed un-
der coals and faggots, and the doors boldly thrown
open, as if to challenge inspection.

Matters being thus far in preparation, there remained
but one obstacle to the completion of the enterprize.

The Duke of York and the Princess Elizabeth, on ac-
count of their youth, would be absent from parliament,
and escape destruction. It was resolved, therefore, that
when the explosion should have done its work, Piercy,

who, as a gentleman pensioner, had access to the Pa-
lace, should carry off or assassinate the Duke, while Sir

E. Digby, having assembled his friends on pretence of
a hunting match, was to seize the princess, then at

Lord Harrington's bouse in Warwickshire, and proclaim

her queen.

Every thing was now arranged for the dreadful is-

sue. The day approached (the 5th of November) ap-
pointed for the meeting of parliament. The conspira-

tors looked forward to a certain triumph, when, fortu-

nately for the country and for Protestantism, the indis-t

cretion of a Catholic laid open the treason.

Ten days before the sitting of parliament. Lord Mont-
eagle, a Catholic, son of I-ord Morely, received from a
person unknown the following letter. It had been
put into the hand of his servant, with express injunc-

tions to be delivered only to himself. " My Lortl, out

of the love I bear to some ofyour friends, I have a care

of your preservation. Therefore I would advise you,

as you tender your life, to devise some excuse to shift

off your attendance at this parliament. For God and
man have concurred to punish the wickedness of this

time. And think not slightly of this advertisement ;

but retire yourself into your country, where you may
expect the event in safety. For though there be no ap-

pearance of any stir, yet I ;9ay tliey will receive a ter-

rible blow this parliament, and yet they shall not see

who hurts them. This council is not to be cr>nlemned,

because it may do you good, and can do you no harm.

For the danger is past as soon as you have burned the

letter. And I hope God will give you grace to ma^e

1
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Guiipowdn good nse of it." Neither Monteajjle nor Salisbury, to
Plot- whom he carrietl the letter, was inclined to regard it

^""Y""' seriously. James was the first to penetrate its meaning.
The words quoted by Salisbury, to prove to him the

foUy or insanity of its author, viz. " the danger is past

as soon as you have burnt the letter," James intwpreted

to signify, not that the danger would be past when the

letter was burnt, but that it would pass in a space of

time as short as the burning of the letter might occupy.

This, compared with the preceding threat of a " terri-

ble blow," the authors of which would be concealed,

suggested to the king the agency of gunpowder. It

was determined, therefore, to have an inspection of all

the rooms and vaults below the houses of parliament.

This duty was performed the day before the meeting
by the Lord chamberlain, who, besides noticing the

prodigious pile of fuel, did not fail to observe also the

dark, intrepid, and suspicious countenance of Fawkes,
who, still passing himself for Piercy's servant, loitered

about the cellar. This being reported to the council, a
more particular search was deemed advisable. Accord-
ingly, Sir Thomas Knevet, justice of peace for West
minster, went witli proper attendants at midnight, and
seized Fawkes, just as he had completed his prepara-
tions, and was leaving the vault. He was dressed in a
cloak and boots, and held in his hand a dark lantern.

Matches being found upon him, and the powder disco-

vered under the fuel, the guilt became apparent, and
he no longer sought to conceal it. He broke out in a
tone of defiance and contempt, expressing in the strong-
est manner, his extreme regret that so many heretics

had escaped his vengeance, and declaring that he could
attribute only to the devil the frustration of so good a
work. He met the council with the same scornful in-

trepidity, and obstinately refused giving any account of
his accomplices ; but, after two days solitary confine-
ment in the Tower, and the rack being just set before
him, his courage was shaken, and he made a full disclo-

sure of the treason. Upon the first notice that Fawkes
was arrested, Catesby, Piercy, and Winter fled hastily
into Warwickshire, where they joined the party of Sir
E. Digby. Sir Everard having failed in his attempt to
seize the Princess, was already pressed, and almost be-
set by the sheriffs. After being driven for some time
from place to place before then- enemies, they made a
resolute stand at the house of Holback, in Staffordshire;
but here part of their powder having accidentally ex-
ploded, they were thrown into the utmost confusion,
the gates were flung open, and the armed multitude
rushed in upon them from all sides : Catesby and Pier-
cy, fighting back to back, fell by the same shot ; Winter,
Digby, and Rookwood, were taken alive, and, with the
Jesuits Garnet and Oldcorne, suffered by the execu-
tioner. More were afterwards convicted ; and some
owed tlieir lives to the clemency of James.

Stourton and Mordaunt, two Catholic lords, having
been absent from parliament, were suspected of conni-
vance, and fined, the former in £ 4000, and the latter
in £ 10,000. The Earl of Northumberland fell under
the same suspicion. It was discovered, that, as captain
of the band of Gentlemen Pensioners, he had excused
his cousin Piercy, upon his admission into that corps,
from takmg the customary oaths. He was stripped of
his employment, imprisoned during the king's pleasure,
and fined in £ 30,000.

Such was the issue of this memorable treason,—

a

treason scarcely more memorable for the desperate zeal
and devoted bigotry of its conductors, than for the mag-
mtude of Its purpose, and the deep atrocity of its guilt.

It has not the excuse ofprecipitation or passion. Though
undertaken perhaps in the freshness of imagined in-

jury, it was meditated for years, and with increasing

zeal and approbation. Neither was it the offspring of ig-

norance and depravity; its leaders were the most esteem-

ed and most enlightened of their religion. Hence may
be traced in the minds of Protestants a jealousy and a

prejudice, which, even in these times, yield, with much
reluctance, to the better views and more tolerant spi.

rit of enlightened Christianity. («)

GUNSHOT Wounds. See Surgery.
GUNTEU'S Line. See Arithmetic, vol. ii. page

423, 424 ; and Logaritiimic Scales.

GURNIGHEL, is the name of a mountain in the

canton of Bern, and situated to the north of the chain
of the Stockhom, on the confines of the country of
Schwartzenbourg, and six leagues to the south of Bern.
It is principally remarkable for its baths of sulphurous
waters, which are situated on the north-west side of the
mountain, at the side of a fine wood of firs, ami which
are accessible to carriages, notwithstanding the great
height of their situation. One of the springs, called

Stockwasser, issues from the grounrl about a quarter of
a league from the batlis. Its temperature is -}- 6°

of Reaumur. Fourteen ounces of this water contains,

according to M. Morell of Bern, carbonic acid gas,

mixed
With hepatic gas . . . . S^ cubic inches.

Carbonate of magnesia . . 2f grains.

Lime I ^ grain.

Sulphate of lime . . . . S-J- grains.

Sulphate of magnesia . . . -j^ grain.

Sulphate of soda ... -^'^ grain.

Iron -j?5^ grain.

A second spring, which is called Schwartzbrunlein,
has a strong sulphurous odour. It is at first very limpid,

but it is raj)idly decomposed by tlie air, and becomes
as white as milk. It is more powerl"ul than the other
spring, and great quantities of it are sent in bottles her-
metically sealed to Berne at the price of about 1 1 sous.

The lodging-house is commodious, though by no means
sumptuous. The expence of board is about 6 or 7
French livrcs per day. From the house there is a fine

view over the who'e of the canton which is comprehend-
ed between the Jura and the mountains of Emmenthal,
and also of the town and lake of Neufchatel. See Ebel's

Manuel, &c.
GUSTAVUS Adolphus, commonly called the Great,

King ofSweden, was born at Stockholm in the year 1 594.

He was educated with particular care, and instruct-

ed in all the learning and accomplishments which are

calculated to form a statesman and a hero. His genius

was great, his memory prodigious ; and he discovered

an uncommon docility and desire of acquiring know-
ledge. In the year 1611, he ascended the thi-one of
Sweden, being then only 1 8 ; but the vigour of his

character, and his various acquirements, compensated
the disadvantage of his youth ; and the choice which
he made of his ministers and counsellors, evinced his

ability to conduct the government of the kingdom, at

the head of which lie was placed.

Soon alter his accession, he was involved in war
with the Danes, the Russians, and the Poles, from
which he extricated himself with great valour and pru-

dence ; having increased his hereditary dominions by
the acquisition of Livonia, which he wrested from the

two last mentioned powers. In the year 1630, he was
invited by the German Protestants to join the league

against the Emperor; and by his powerful assistance.
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and the ^ood conduct of liis arms, he greatly contri-
buted to the uhiinate success of their cause. On his de-
parture from Sweden, he called together the states of
the kingdom ; and having caused them to do homage
to his daugtiter Christina, then only four years old, he
took leave of them in a discourse, in which he explain-
ed, at lenj^tli, the motives that prompted the enterprize
he was about to undertake.

In the montii of June 16.30, Gustavua landed on the
coast of I'onierania, with an army of 1 5,000 men. At
first, his operations were greatly impeded by tlie jea-
lousy and (iiscord that reigned among the Protestant
Princes of (Jermany, who seemed to be actuated ra-

ther by their own selfish interests, than by any en-
larged view to the general good. However, he soon
expelled the imperial troops from Pomerania, and forced
the Elector of Brandenburg to embrace his true inte«

rest, by affording every facility to the enterprize of the
Swedes. The King then resolved to hasten to the re-

lief of Magtleburg, which was besieged by the im-
perial generalissimo Count Tilly ; but his views were
frustnited by the strange conduct of the Elector of
.Saxony, who refused to permit him to pass the Elbe

;

and he had the mortification to receive intelligence of
the fall of that important fortress, accompanied with
circumstances of atrocity, which have stamped inde-
lible infamy on the name of Tilly. The haughty and
cruel contluct of the im|)erial commander soon brought
the Elector of Saxony to a sense of his situation and
true interest ; and having joined his forces to those of
the King of Sweden, they encountered the enemy un-
der Tilly, at Breitenstein, near Leipsic, on tl>e 7th of
September l6,Sl. A battle ensued, which terminated
in the total discomfiture and rout of the Imperialists,

The victorious King now advanced along the Maine,
as far as the Uhine; forced the city of ^ientz to capi-

tulate ; drove the Spaniards out of Germany, and freed
the Palatinate He then turned his arms against Ba-
varia; and Tilly, who endeavoured to dispute with him
the passage of the Lech, was again del'eated, and pe-

rished in the attempt.

His loss was supplied by VVallenstein, who was now
placet! at the head of the imperial armies; and com-
menced his operations by driving the Siixons out of
Bohemia. Meanwhile Gustavus, pursuing his victori-

ous career, had advanced into the heart of Bavaria, and
made himself master of Munich. As he approached the

Austrian dominions, VVallenstein hastened to their re-

lief, and compelled the king to retire. The two armies

met at Nuremberg, and formed entrenched camps op-
posite to each other, where they remained inactive du-
ring two months. It was the policy of VVallenstein to

avoid a battle, in hopes that the Swedish army would
be weakened by famine and disease. At length the

latter made a vigorous attempt to storm the entrench-

ments of the Imperialists; but, for the first time since

their landing in Germany, they received a severe check
;

and, after a fruitless exhibition of valour, Guslavus
found himself compelled to retire, the whole of the

neighbouring country being completely exhausted of
provisions. He was followed into Saxony by VVallen-

stein ; and the two armies again met at the village of
Lutzen. near VVeissenfels. Here a sanguinary battle

took place on the 6th of November 1()32, which was
fought with great skill, and with the most obstinate

courage, on hoi h sides. The intrepidity and discipline

of the Swedes, however, at length prevailed, and the

Imperialists were driven from the field. But the vic-

tory was dearly purchased. Besides a great loss of

men, Uie conquerors had to lament the death of their
adored king, who was killetl by a rouaket »hot while
gallantly leading on his cavalry to a charge ngainit tbt
broken ranks of Uie enemy. Af\er the iMttle, hia bedv
was found lying near a large stone, which, in coaMW.
moration of this circumstance, was callcii tl "

.'<n».

slein, (Swede stone,) and which still indii |iot

where the great vindicator of the religious liberties of
C/erraany terminateil his victorious career. Thus fell

Gustavus Adolphus, in the thirty-eighth year of hii
age. The ball which inflicted the mortal wound en-
tered his back, and passed through his bo<ly. Thi*
circumstance, among others, excited a sunpicion of
treachery ; and the Duke of Saxe-I^wenhurgh, one of
his generals, who immediately afterwards Ml the Swe-
dish service, has been expressly pointed out by sonae
historians as the assassin of his royal commander.
There is, however, no positive evidence of his guilt,

and the fact is to this day doubtful.

Gustavus left behind him the character of a good
Christian, » great king, a prudent statesman, and a con-
summate general. Amidst the operations of war, be
did not neglect the cultivation of the sciences. He en-
riched the university of Upsal, established a royal aca-
demy at Abo, and founded an university at Dorp in

Livonia. Before his time, there were no regular troops
in Sweden ; but he formed and executed the project iil'

having 80,000 men, constantly well armed, clothed, and
disciplined. He was acknowledged to be the greatest

ciiptain of his time, and the bravest soldier in his array;
and the military art is indebted to his genius for seve-
ral great improvements. He formed his. cavalry into

smaller subdivisions, which enabled them to move with
greater ease and rapidity ; his order of battle was com-
posed of two lines, (instead of one, according to the
usual practice,) in order that the second might advance,
in the event of the first being broken ; and he was the
first who demonstrated, in modem times, the import-
ance of a well-disciplined infantry in the field. His
own army was a perfect pattern of good order. The
morals of his soldiers were to him an object of equal

attention with their courage and military discipline.

Temperance was commanded as a duty by the Swedish
laws of war ; excesses of every kind were severely pu-
nished ; and every regiment mustered, morning and
evening, around its chaplain, to perform their devotions

in the open air ; the king himself being always present

upon those occasions. He endured all the hardships

.•md privations of war with the meanest of his army ;

and never spared his person in the hour of danger.

He not only extended his dominions, and raised the

reputation of Sweden abroad, but also turned his atten-

tion to the constitution of his country, which he would
probably have improved had he live<l to return into bis

own kmgdom. By his regulations, however, the suc-

cession to the crown, which had been previously limit-

ed to the male line, devolved upon his daughter Chris-

tina, who was only six years old at the perio<l of her

father's death. See Harte's Li/e of iiuttavits Adolphuti

Schiller's History of the Thirty Years War ; and the

Gen. liiog. Diet, (s)

GUSTAVUS I. and IIL See Sweden.
GUTTA Serena. See SunoERY.
GUTTEMBERG. See Printing.
GUZERAT, or Gujkat, a large province in Hin-

dostan, situated principally between the 'ilst and 2*th

degrees of North Latitude, is about 320 miles in

length, and 180 at its average breadth. Its south-

west portion Approaches the form of a peninsula.
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Guzerat.

History.

Asptct

lying between the gulfs of Cutch and Cambay ; but
t stretches far inlanri towards the north-east, having
the province of Cutcli on t!ie west, Malwah and Khan-
desh on the east, Aurun^ahad on the soiitli, and Agi-
mere or Ajimeer on the north. It was one of the 11

soubahs, * into which Akhar divided Hindo«tan ; and
is understood to ha\'e, at that time, extended south-

ward as far as Damaun. It contained nine circars,

namely, Guzerat proper, or Ahmedabad ; Putten ; Na-
dowt ; Behrodeh, or Baroda ; Behroatch, or Baroche ;

Chumpaneer ; Kodehra ; and Sorat. These were sub-
divided into 19s pergunnas, of which thirteen con-
tained sea ports. The whole Soubah furnished 67,375
cavalry, and 8900 infantry ; and, in the reign of Au-
rungzebe, the amount of its revenue was equivalent
to £1,800,000 sterling.

Guzerat was subdued in 975 by the Afghans or Pa-
tans, a hardy race, from the mountainous regions be-
tween Persia and Hindostan, wJio established the ex-
tensive empire of Ghizni, and maintained their autho-
rity till the end of the thirteenth century when the
Moguls commenced their ravages. In the fifteenth

century, it was governed as an independent kingdom,
by a dynasty of Rajpoot princes, who had adopted the
Maliommedan religion, and removed the seat of go-
vernment from the ancient capital Nehrwallah to Ah-
medabad. In 1572, it was reduced by the emperor
Akbar; and was, at that period, in a flourishing state

as a maritime and commercial country. In the begin-
ning of the 18th century, after the death of Aurung-
zebe, many of the more distant provinces renounced
their allegiance to the Mogul emperor ; and the gover-
nor of Ahmedabad and Cambay following these ex-
amples, assumed the sovereignty of that part of Guze-
rat. About the jniddle of the 18th century, it was
conquered by the Mahrattas under Ragonauth Row

;

and its nabob Mohman Khan, took refuge in Cambay,
where he held a small territory subject to the payment
of an annual tribute to the Mahrattas. The capital was
taken from the Mahrattas by general Goddard in 1 779 ;

but for political reasons was ceded to Futty Singh, a
Hindoo chieftain, and at the end of tlie war in 1783
was restored to the Mahratta government. The more
civilized and cultivated districts are at present posses-
sed by the East India Company, tlie Guicowar and the
Peishwa. The territories of the Company comprehend
a considerable extent of country on botli sides of the
Gulf of Cambay ; and include the populous cities of
Surat, Baroche, Cambay, and Gogo. The sea-coast,
from the Gulf of Cambay to the river Indus, is occu-
pietl by different independent chiefs, who are generally
addicted to piracy, and are kept only in awe by the naval
superiority of the British. The northern, western, and
even central quarters of the province, have been but
recently explored, and are overrun, or rather occupied,
by numerous tribes of armed banditti, w ho are thieves
not so much by profession as by nation.
The province of Guzerat, in its general aspect, is flat

and unv^aried. In many places, not the smallest stone
18 to be seen

; and there is scarcely a rising ground in
the whole district to the west of Powagur, the name of
the mountain by which it is separated from the interi-
or ot Hmdostan. It is more hilly towards the eastern
frontier, and much covered with jungle. Much of the
more level tracts is either an arid sandy country, or a
saline swamp of a singular description, which, even

when dried up, remains in a great measure sterile and Gui^j

unproductive. In those places, also, where the sur-

face is apparently smooth to the eye, it is much inter-

sected by ravines, of considerable extent and depth,

which in the rainy season are filled with rapid torrents,

and cannot be crossed without the assistance o( rafts or

boats. It is, nevertheless, especially in its western

districts, full of the richest prospects, and is inferior

to no part of Hindostan in beauty or fertility.

The only mountain in the province is that of Powa- Mount

gur, a steep and rocky height, resembling the Table

Land of the Cape of Good Hope, but apparently more

lofty. On its summit is a strong hold, deemed im-

pregnable, and supposed to be the Tiagura of Pto-

lemy.

Guzerat is watered by several large rivers, of which nivejs.;

the most considerable are the Myhi, which takes its

rise near Amjerrah, the capital of Rajode, and, run-

ning in a south-west direction, falls into the bottom of

the Gulf of Cambay ; the Nerbudda, supposed to be

the Narmada of the Greeks, which rises in the moun-
tain of Pindara, near the north-east comer of Berar,

and proceeding westwards about 640 miles, terminates

its course on the east coast of the Gulf of Cambay ;

and the Taptee, which descends from the mountains

of Burhanpour, and after a course of above 320 miles,

nearly parallel to that of the Nerbudda, falls into the

sea below Surat. These larger rivers are ordinarily

extremely gentle and pellucid ; but begin to swell some
time before the rain falls in the low countries ; and

then become furiously rapid, frequently sweeping a'nay

whole villages, with the inhabitants and their cattle.

In the rainy season, the mountain torrents swell the

smallest streams in a wonderful manner, so as to make
them rise in a few hours 20 or 30 feet above their usual

level. In the dry season, nevertheless, a great scarci-

ty of -water is experienced in many places, especially

in the sandy soil to the north of the Myhi river, where

the periodical rains are speedily absorbed, and wells

must be dug to the depth of SO and 100 feet.

The rainy season sets in with the south-west moH'

soon before the middle of June, accompanied with

tempestuous weather, and continues with more or less

violence about four months. The greatest quantity of

rain always falls in July ;
yet, in the province of Gu-

zerat, there is not so much rain during the wet season

as there is at Bombay, and the southern part of the Ma-
labar coast. In December, January, and February, the

mornings and evenings are cold and sharp, and some-

times ice has been seen at Surat in the month of Janua-

ry. At this period the thermometer is frequently un-

der 60° at sun-rise, and seldom exceeds 70® at noon

;

and the weather throughout the whole day is temperate

and agreeable. But, in the succeeding months, during

the prevalence of the hot winds, though the morning

may be tolerably cool, the thermometer gradually rises

from 70° to 100"; and in the plains near Cambay, has

been observed at 116'" in the soldiers' tents. During

the hot and dry months, the surface of the country is

covered with sand or dust ; and, in the rainy season,

becomes a thick mire, and often a sheet of water.
_

The soil is generally sandy or marshy ; but, in the
^^.j,^

cultivated districts, is a reddish light earth, or a rich prmluo

black mould, both of which are highly fertile and pro- iion».

ductive. Except for the richer crops, manure is seldom

required ; and the dung of the cow-house is then the

a

I

I

ClimiJ

nfih'^^''"-^'*'''*^j"'"^'""*"'"*°''"'^"""'^'^'''''"'S'-ana divisions; each of these into smaller provinces called circars ; and tiich
01 mese again into districts or pergunnas. A twelfth was afterwards added, formed of countries west of the Indus.
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uierat. principal substance employed. In some of the per-

^""^C^ guiinaR, particularly in BrcKli-ra antl JiimbooKj-er, the

liland fields are inclosed, and the country enriched with plan-
oductionc tatioiis of mango, tamarind, and hanian trees. The dif-

ferent kinds of grain arc jjenerally somii in June, and
reaped in September. Wheat anti barley are raised in

many districts. Rice is a principal article of cultiva-

tion ; and a great variety of Indian grains is every where
produced. Of these may be mentioned the juarree, or

cush-CHsh. (/?o/' H* sorcAwm of Linnaeus,) a fine, large

plant, resembling maize or guinea corn, growing to the
height of eight or ten feet, each stalk bearing several

cars, the largest of which will frequently contain 2000
seeds ; bahjeree, (fiolais spicriliis of I.innsuR,) resem-
bling the last, but inferior in size, and only Osed by the
poorer classes ; codra, cliena, bantce, bowtah, growing
to the height of two or three feet, and yielding grain of
a nutritious quality ; various pulses, especially tuar,

{c!/lisiis caj'iii) resembling split peas ; mutt and gram,
(dntichos bijlorns) chiefly used for nourishing cattle.

Cotton is a staple commodity ; and that of the Ahmood
pergunna is of so superior a quality, that it generally
brings the highest i)rice in the markets of Bengal and
China. Sugar, tobacco, and indigo, flourish luxuriantly
in the province ; and might be cultivated with great
profit. Hemp and flax grow well in the northern dis-

tricts ; but are often raised chiefly for the sake of the
oil contained in the seed, and an intoxicating drug cal-

led Chang made from the leaves. Mustard seed is rai-

sed in considerable quantities, and is greatly esteemed
in pickles. Occasionally may be seen, in gardens, large

crops of poppies, (the seeds of which are very common-
ly mixed by the natives in cakes and confections,) gin-

ger, turmeric, feimgreek, and betel leaf, extensive fields

of capsicum or chilies, and large tracts of yellow cos-

sumba, [carlharnus,) which yield a valuable red dye.
In those places w^here there is no cocoa nuts, various
shrubs and plants are cultivated for producing oil, es-

pecially the sesamum, and ricinus, palma Christi. The
water melons, especially those of Baroche, are superior

to any in India. The white, red, and curling mulber-
ry, flourishes in the gardens; and the cuttings require

only to be put into the ground in the rainy peason,

where they take root, and grow up without farther

trouble. The bamboo grows wild in most districts, is

frequently planted in hedges around the villages, and
in seasons of scarcity sometimes furnishes an article of
food. Mango, tamai-ind, and banian trees are to be
found in most parts of the province, One of the last

mentioned, (the banian orJicux Indicus) the most mag-
nificent tree of the kind in India, grows on an island in

the river Nerbudda; and has nearly IS.'iO trunks, all

traced to one parent stem, forming a canopy of verdant

foliage, impenetrable even to a tropical sun, extending
over a circuit of 2000 feet,

nioult. Many milch cows and buffaloes are reared in the vil-

lages ; and ghee, or clarified butter, forms a principal

article in the markets of Guzerat. Many horses also

are bred in the province ; and those of Cutch and Cot-

tywar are held in great estimation. The oxen of Gu-
aerat are accounted the finest in India. They are per-

fectly white, with black horns, a delicately soft skin,

and eyes not inferior in lustre to those of the antelope.

They will travel 10 or 12 miles a-day successively for

a considerable time, under a load of 200 or 300 lbs.

;

and are fed ufx)n straw, grass, cotton seed, or oil cake.

Those which are reare<l in the northern districts are oF
superior size, strength, and docility; and some of them
are capable of travelling in a hackery (or light cart) 30
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or 40 miles a (liy. A more ordinary breed is employ- ennrtr.
e<l in agriculture, and in the c<mveynncc of merchan- ^^ » •'
dize ; and others, of all differpnt colours, lu in other Anim^
parts of Hindostan, arc to be found in the province.
Tlie uncultivatetl and wood tracts abound in wild ani-
mals of various kinds. Lions, though not generally
sujjposed to be found in the countrj-, have been seen
even in the vicinity of Cambay ; and tigers are very
common, sometimes so large as to weigh 250 lbs. \,to-
pards, hy.cnas, wolves, foxes, jackals, and wild hogs,
arc the ordinary inhabitants of the swamps and jungles.
Deer, elks, guanas, antelopes, hares, cameleons, porcu-
pines, &c. are the most common kinds of game. Mon-
keys and squirrels are every where abundant, and re-

markably tame. The former particularly often inhabit
the towns, where they are generally protected, and in

some places are revered as sacred animals. They are
sometimes rendered instruments of a bloodless, but »nf-

ficicntly malicious revenge among neighbours. A hand-
ful of rice, or other grain of which the monkeys arc

fond, is tlirown upon the roof of the house of the ob-
noxious person, about the commencement of the wet
season ; and, in order to get at the grain which has slip-

ped under the tiles, these mischievous animals soon un-
cover the whole habitation, at a time when labourers

being generally occupied in repairing the houses, it

may be impracticable for the hapless owner to have his

home secured from the heavy torrents, which are be-

ginning to fall. Of the birds of prey, the most com- Birdi.

mon are hawks and brahminee kites, which last arc so

remarkably voracious, as sometimes to dart upon a
dressed fowl, or other food, while the servants are car-

rying it from the kitchens, (which are frequently at a
little distance from the house,) to the dining-table.

There are bats of an extraordinary size, (nearly six feet

between the tips of the extended wings,) called flying

foxes, and extremely disagreeable in smell and a.spect.

Peacocks, doves, and green pigeons, assemble in (locks

around the villages, and are almost as tame as poultrj'

in a farm-yard. Partridges, snipes, woodcocks, wheat-
eai's, &c. are very abundant; and there is a great varie-

ty of water-fowl in the lakes and rivers, particularly

storks, cranes, quails, flamingoes, pelicans, ducks. The
sabras and cullum (ardca virgo of Linnxus) are very

statelj' birds, generally six feet high, of an azure hue,

with crimson coloured heads. But the florican, or cnr-

moor, (olh honbara of Linnreus,) is at once the moit
elegant of Indian birds, and exceeds all other wild fowl •

in delicacy of flavour. It is distinguished by its lofty

carriage, variegated plumage, and especially by a tult

of black feathers falling gracefully from its head. Li-

zards are abundant in Guzerat, and many of them are.

extremely beautiful. Serpents are found in great num-
bers and varieties ; and some of the largest kind?,

which are accounted harmless, and are held sacred by

the natives as guardians of the spot which tliey fre-

quent, are allowed to occupy the gardens. One of the

most venomous is the cobra de capello, or coluber n.aja,

which is very common in Guzerat.' There are many
varieties of water snakes, (some of them spotted with

the most beautiful colours,) which seize upon the frogs,

lizards, young ducks, and water rats, and are in their

turn devoured by the larger water fowls. I/Jcusts.

though less destructive than those of Arabia and .\fVica,

are frequent visitors in the province ; and leave every

vegetable substance over w^hich they p.tss stripped and

browned, as if scorched with fire. The large locust,

called " the creeping leaf," and which has beeii- de-

scribed under the article Guiana, is common in Guzerut.

4»,

LocniV.
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Towns and

commerce.

Guierat. Tlie principal towns in the province are Ahmeclabad,

Sural, Cambay, Baroche, Baroda, Uhuboy, Gogo, and

Chunipanecr. They are generally in a ruinous condi-

tion, presenting, in their decayed palaces, tottering mi-

narets and mouldering aqueducts, many vestiges of their

former splendour. Their commerce lias never been po

flourishing as it was under the Mogul government, even

in the times of its most violent convulsions. The prin-

cipal trade of the province is carried on witli Bombay.

The chief exports are cotton, piece-goods, and grain ;

and the imports consist mostly of sugar, raw-silk, pep-

per, cocoa nuts, cochineal, woollens, and bullion. Al-

most all castes in Guzerat, excepting the Brahmins

and Banyans, occasionally follow the occupation of

weaving ; which, together with the labours of agricul-

ture, employs the greatest number of the more indus-

trious of the lower classes. Fortifications were for-

merly very numerous in the province; and are still

preserved in the more remote quarters. The natives

every wliere live in towns or villages for security

against banditti, and wild beasts. A single farm liouse,

or separate cottage, is rarely to be seen ; and, at night,

the cattle are always brought within the lianilet, which
is commonly surrounded by a mud-wall or bamboo
hedge. The larger towns are usually situated near an
extensive lake, the banks of which are adorned with

Hindoo temples and caravansaries, and its surface co-

vered by the various kinds of lotus. The houses, espe-

cially in the villages, are rarely built of brick, and pro-

vided with tiled roofs, but chiefly constructed of mud,
and thatched with straw or reeds.

Inhabitants. As many parts of Guzerat have never been subdued
bj' anj invader, the natives there retain tlieir original

character unchanged ; but, in the maritime districts, in

consequence of the many sea ports and commercial ad-

\antages, which have attracted strangers of all descrip-

tions, the province contains a greater variety of castes

and religions, than any other in Hindostan. It is com-
monly believed among the natives, that the province
was originally peopled by the rude castes which still

exist, and which are known by the names of Cooles
and Bheels ; but neither record nor tradition remains
respecting their religion or government in their prime-
val state. In the town of Rajpeepla, howe\ er, the Raj-
poot successor is still fonmally invested with the nomi-
nal sovereignty by a family of Bheels descended from
their original chieftains. When the Rajpoots acquired
the ascendancy, the most powerful of their princes re-
sided at Neherwallah, (or Putten,) on the northern
frontiers ; and three dynasties are said to have succes-
sively occupied the throne, from which many of the
modern Gracia families pretend to trace their descent.

Gracias. Tlie Gracias are a numerous class of landholders in
some parts of the province; and. in others, only possess
a sort of feudal authority over certain villages and dis-
tricts. They are described as consisting ot four castes
or families,—the Coolees, the Rajpoots, the Seid Mahom-
medans, and the Mole Islams or modern Mahonimedans.
The places principally occupied by the Gracias are
Rajpeepla and Mandwee, the former south, and the lat-
ter north of the Nerbudda river; Meagamand Ahmode,
between the Nerbudda ard the Myhi ; and Mandowee
or the Taptee. Many tribes of them also reside in a
kind of independent state on the rugged banks of most
of the rivers, and in different parts of the peninsula.
Criminals, who fly to their haunts for refuge, are readi-
ly incorporated among them ; and all of them are ha-
bitual plunderers, forming one half of the population
north of the Myhi. Of all the banditti wlio infest the

Ir.iKibita^l

province, the most cruel and untameable are thcCoolee.?,

who maintain amidst their fastnesses an armed inde-

pendence, and plunder without distinction all who
travel without an escort, or whom tliey are able to mas- Cuolee*

ter. They are taught to despise all approaches to ci-

vilization ; and are said to hold cleanlincsss in the ut-

most contempt, as a mark of cowardice. They are well

mounted, and often roam in troops to a distance from

their own settlements, to plunder villages or surprise

travellers. Their own vill.iges, at the same time, are

large and populous, their fields inclosed, and their lands

in general in a state of good cultivation. The Rajpoots Rajpoots,

are of a high caste, and are well bred to the use of

arms. They are athletic in tlieir persons, faithful to

their engagement, magnanimous and brave above most
other natives of India, and make the most excellent

soldiers They chiefly inhabit the districts north of the

Nerbudda ; and the great body of them occupy the

province of Ajimeer, where they have never been sub-

dued by the Mahommedans, and where they preserve

in their strongholds and fastnesses the original manners
of the Hindoo race. Their country is said to resemble

greatly the more habitable mountainous tracts of Swis-
serland, and to aft'ord some of the grandest and most
picturesque scenery in India. The Bheels are like the Bheels.

Coolee, savage robbers, but generally poorer ; and in-

habit chiefly the districts around Turcaseer. The high

Moguls or Mahommedans, especially those who inhabit

the towns along the coast, are a polite and rcs]>cctable

people. In all the larger towns are found a singular

race, who are Mahommedans in religion, but Jews in

features, manners, and dispositions. They are called

Borahs, and form every where a distinct community. Boralis.

They profess a total uncertainty of their own origin

;

but Boorhanpour, in Khandesh, is the rendezvous of

the sect, and the residence of their moulah or high

})riest. They are noted ibr their address in bargaining,

their minute parsimony, and constant attention to gain.

They are the principal traders in the commercial cities,

and are found straggling over the whole province, and
the other western partsof Hindostan, as itinerant pedlars.

In Guzerat is found, also, the greater part of the Gabres

or Farsees, or worsliippers of fire, who inhabit the con-

tinent of India, and who preserve the slender remains

of the religion of the Magi : (See GAnnES.) Of the pro-

per Hindoos there are many castes and sects in Guzerat.

The different families of Brahmins, settled in the pro-

vince, amount to SV in number, and are named after the

places of tlieir ancestors nativity or inheritance. Each

of these has several subdivisions, and innumerable dis-

tinctions, which prevent the members of one from in-

termarrying with another. The Banyans, or Vaneeya, Banyawi
are very numerous in Guzerat, and arc also separated

into many subdivisions. They are all merchants, and
frequently travel to very distant countries, where they

remain for several yews, in the prosecution of traffic,

and then return to their families with the gains of their

advL'nture. Their language, the Guzeratee, whicti is

nearly allied to the Hindee, is well known in all the

great Indian markets, and forms the chief medium of

mercantile intercourse in that continent. A singular

custom among the Guzerat merchants may here be no-

ticed, namely, that, when any of them finds himself

failing in trade, he sets up a blazing light in his house

or shop ; absconds, till his creditors have examined

into the state of his property; and wears the tail of his

waist-cloth tucked up, till tliey have acquitted him of

all suspicion of dishonesty. Persons, who take this

step in time, so as not to injure their creditors much,

5
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omt. arc held in grent esteem, and arc so frequently observe<l

—^C"^ to be subsequently prosperous, that some have been
iihubiiiints )4f,Qwn, in hopes of future j^ood forlune, to set up the

siijn of bankruptcy without any necessity. The class

lliauis.
°*' '''^""''S o"" Hbarot'!, abound more in this province

tlian in any other part of India. They are a very ho-
nourable tribe, and are principally occujjied as hi.^toii-

ans, lu'ialds, soothsayers, recorders of births and deaths.

Itinerant bards or minstrels, tradinff or bogi^ing on their

way. In this last capacity, they repeat verses (which
are either of their own composition, or selected from
the Hindoo legends) with a pleasing modulation of
voice, and gracefulness of action ; and one of them is

generally connected with the household of every Hin-
tloo rajah or Mahratta chief, attending them on tiays

of public ceremony, enumerating their titles, anil pro-

claiming their praises. They also become guarantees

of treaties between princes, securities for bonds between
private persons, or cautioners for the payment of reve-

nues from districts, and farmers of the taxes. They
receive an annual stipend, or a per centage from the dis-

tricts, villages, or individuals whom they thus guaran-

tee ; and, upon signing the agreement, add the figure

of a dagger as their seal, and as an emblem of the fatal

consequences attending a breach of contract. Should

any party fail in the obligation, the Bhaut, who had of-

fered himself as guarantee, proceeds to the house of the

defaulters, and there destroys himself or one of his fa-

mily, imprecating the vengeance of the gods upon the

heads of those, who had compelled him by their mis-

conduct to commit the deed of desperation. To be the

object of these im|)recations, is accounted by the Hin-
doos the most direful of all catastrophes ; and hence the

security of a Bhaut is the strongest and most sacred of

all bonds. They are frequently also engaged in agri-

culture ; but, as a privileged class, are exempted from

all payment of taxes ; and, when any attempts have

been made to subject them to assessments, they do not

fail to murder some of their tribe, with the usual im-

precations on those who have infringed their rights.

The Charons are nearly allied to the Bhauts in manners

and customs ; and, being generally possessed of large

droves of carriage cattle, they carry on an inland traffic

in grain to a considerable distance. They are frequent-

ly hired for the protection of travellers ; and, when at-

tacked by banditti, they take a solemn oath to die by

their own hands, if any injury be done to the persons

under their care. So great is t!ie veneration in which

they are held by the superstitious natives, that this

threat of suicide is generally eH'ectual in restraining the

most ferocious plunderers. The Ungreas, whose pro-

fession is that of moriey-carriers, are of all casts, and

generally athletic and well armed Though extremely

jioor, they are remarkable for tJieir Iione^ity in convey-

ing the largest .sums. They conceal the money in their

(piilted clothes ; and though rewardeil for their servi-

ces only with a small pittance, they will fight with the

ntmost desperation in defence of the property with

which they are entrusted. In the northern and west-

_ ^^. ^ em parts of the province, is a class named Puggies,
°°' ' whose business it is to trace the steps of a tliief, and

they are so expert in the office, that, if set upon the

pursuit early in the morning, after the theft has been

committetl, before many people have been moving about

the vicinity, they seldom fail to point out the vdlage

where the thief has taben refuge. The Dhrrtu of Gii- CoMOt.
zerat are sinnlnr to the I'uriars oi M.d.ibar, and arcobli- ""^

ged to live apart from the other inlutbitantn. They live Dbnu.
on all kinds of carrion, and are much addicted to pil-

fering and into.xicntion. They are com|)olled l)y ancient
custom to serve the state and travellers as curriers of
baggage; and also to act as scavengers for the remo-
ving of filth from the roads and villages. I he Koon- KMabn>.
bees, which is the name given in duzerat to the Hin-
doos of the pure Sudra, or fourth cast, form the great
Ixxly oi the agricultural peasantry ; and are 8un|xi«e(I

to have emigrated originally from .Ajimeer, or Hindos.
tan Proper. They hold portions of government land ;

and are called Pntells, in distinction from the Gracias.
They are peaceable, industrious subjects uniler every
change of rulers ; and, as they seldom repair to the ci-

ties, their manners are altogether simple and inotfen-

sivc. They rarely leave the village where their fathers

live<l and died, but continue in the same place, to plough
the fields, and reap the harvest, and tend the cattle,

while their women are employed in spinning cotton,

grinding corn, and preparing the usual repast oi milk,
pulse, and other vegetables. Too large a pro|)ortion of
the protluce of their lands is collectetl for the govern-
ment and subordinate chiefs ; but still a sufficiency ge-
nerally remains for the supply of their wants, which are
extremely few and simple. In the more remote dis-

tricts particularly, their mode of living is remarkably
primitive. A hut built of mud, and thatched with
straw, is the ordinary habitation of the villager. A few
earthen pots for cooking, a large jar of unburnt clay

for holding grain, another of burnt clay, for hold-

ing water, and a glazed jug for holding oil, form
the chief part of his furniture. .\ couple of yards of

cotton cloth tied round the middle, and sometimes a

turban on the head, composes the whole clothing ofthe

men ; and a long piece of similar cloth, put on in

graceful fold.s, is the usual dress of the females. * They
testify great hospitality to strangers, who are usually

presented at the entrance of the villages with fruit,

milk, butter, fire-woml, and earthen utensils ; and some-
times compelled, at their departure, to take with them
one day's provisions. They are a contented people,

and their condition tolerably comfortable in seasons

of peace ; but they have no idea of liberty, and are sub-

jected to every species of suffering in time of war. But

wherever British influence extends, their comforts arc

increased, anil their security better provided for. In

the north-western quarters, many barbarous practices

prevail among them ; and among the Coolees and Raj-

poots particidarly, besides what may be callcil the pre-

scribed cruelties of their religion, it is not uncommon
for many persons of both sexes to cut off their noses,

as a security .against the malignant influence of witches.

The uimatural [)ractice of putting to death the female FemJe

infants, which prevailed among the Jahrejahs, a race of InlantidJe.

Kajpoots in the peninsula of Guzerat, was abolished in

1808, by the humane exertions of Jonathan Duncan,

Esq. late governor of Bombay, and of Colonel Walker,

British resident in the province ;+ and within the dis-

tricts acquireti by the East India Company, many other

degrailing customs are gradually disappearing. The
province of Guzerat, in short, presents among its dit-

ferent inhabitants instances of the extremes of civilia*.

tion, exhibiting all the rudeness of the pastoral and al-

• It is a unipcrial practice among all the Malionimedans of both sexes, aiid the Hindoo nuiln throughout Guzeial, to imoke

cept the Brahiuins, ivlio t^ke .snufF very fnely.
-• Ste Coriiwtk's .'tccouiU af iht AMitioa of Female lu/aiuiciiU in Gu^tnt

tobacco; e.v-
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flwdUar. most of the savage state, along with the wealth and

^-^r^ luxury of commfircial cities. It affords equally striking

specimens of the extremes of popidation, which is thin-

ly scattered over tiie western districts, but unusually

crowded in tlie vicinity of Surat, and some of the other

cities. Tlie whole number of inhabitants in this ex-

tensive province is estimated at six millions, in the pro-

portion ofo'.ie Mahommedan to ten Hindoos. See Ren-

nel's Memoir of a Map of Hlndodan ;
Milburn's Ori-

ental Commerce ; llamilton's East India Gazellcer ; and

Forbcs's Orienlil Memoirs. (</)

GWALIOU, GuALioR, or Olaliar, is the name of

a strong fortress of Hindostan, in the district of Goiiud,

and i>rovines of Agra. This fort stands on a hill about

1 •/- mile long, 300 yards wide at its greatest breadth,

and'jtS feet high at its north end. The sides of this

hill are nearly perpendicular, and a stone parapet is

carried all the way round- close to the brow of it.

At the north end of the hill, and near the middle of

tlie fort, are two remarkable pyramidal buildings of

rcd»tone, in the ancient Hindoo stile of architecture.

The only gate to this fort is at the northern extremity

of the east side, from which tliere is an ascent to the

top of the rock by several flights of steps. The garri-

son is supplied with excellent water, from several na-

tural cavities in the rock; and about halfway up the rock,

on the outside, there are many artificial excavations,

containing the figures of men and animals carved out

of the solid rock.

The town is situated on the east side of the hill. It

is large and populous, and contains many good stone

houses. The stone is obtained from the neighbouring

hills, which surround the fort like an amphitheatre, at

the distance of from one to four miles. They chiefly

consist of schistus, with apparently a large portion of

iron, and their surface is rugged, and nearly destitute

of vegetation. The small river Soonrica rises to the

eastward of the town, and beyond it is the tomb of

Mahommed Ghous, a learned man ; it is a handsome
stone building, with a cupola covered with blue ena-

mel. Within the inclosure of this monument is ano-

ther tomb erected to the memory of Tan-Sein, a great

musician. Tile leaves of the tree which overshadows
this tomb, are supposed by the vulgar to give great

melody to the voice when chewed. About 70O yards
from the northern extremity of the fort, is a conical

hill, liaving on its summit two high pillars joined by an
arch, which is supposed to be of very ancient workman-
'ship.

The town of Gwalior carries on a considerable trade
in cloth with Chanderi, and also in indigo. About
14 miles from Gwalior, on the road to Narwar, is a
mine of iron, near the village of Beerch, which is work-
ed to advantage.

Gwalior was always considered by the natives as
impregnable, till it was taken by escalade by Major
I'opham, on the 3d .August 1780. In the time of the
Mogul.government, it was a state prison, where the ob-
noxious members of tiie family were secured, and a large
collection of lions, tigers, and wild beasts was kept here
•for their amusement. It was appropriated to tlie same
pui-jiose by Mad.ijee Sindia, who, on account of its se-
curity, also made it a grand depot for artillery and
militar)' stores.

When the Mogul empire was dismembered, this fort
came into the possession of the Ranali of Gohud, from
whom it was taken by the Mahrattas. ,\fter tlie British
-took it in 4780, it was given up to the Ranah. Sindia
invested the fort, and after a siege of many months,

he succeeded in taking it by connipting part of the garri-

son. In 1804, it was ceded to the British; but, by
tlie treaty of 1805, it came into the possession of Dow-
let Row Sindia. Distance from Agra 80 miles ; from
Delhi 197; and from Calcutta 48;). East Long. 78*

14', and North Lat. ^6° IS'. See HamWtan's Gazetteer.

GYMX.\STIC Exercises. See AT!>LEr.-E, vol. iii.

p. 45—48.
GYMXOSOPHIST is a word of Greek origin, and

literally signifies a philosopher who goes naked. It

is particularly applied to the sages of India, who are

understood to have wandered from place to place, ei-

ther wholly without clothing, or only partially covered.

Hence the sapieiites Iiidiie are described liy Quintus
Curtius, under the designation of genus liorridum et

agreste.

Though the Gymnosophists are usually considered as

belonging exclusively to India, they were not in an-
cient times confined to that part of the world. There
were likewise African Gymnosophists. These last in-

habited a mountain in Ethiopia, near the river Nile

;

and they appear to have lived in celibacy and solitude,

subjecting themselves to various penances and priva-

tions, after the manner of Iterinits or monks in more
modem times. They were understood to hold an im-
mediate intercourse with the immortal gods. If any one
had killed his neighbour by accident, he had recourse

to those recluses for absolution, and received it, upon
the performance of certain ceremonies which they re-

quired. They were skilful in the medical art, and Ln-
can ascribes to them several important discoveries in

astronomy. Indeed, it may be inquired, whether there

were not Gymnosophists (using that term in a more ge-
neral sense) in every nation, the early history of which
has come down to us in any thing like detail, or with
any measure of certainty ; and whether the Brahmins
of India, the Priesthood in Egypt, the Persian Magi,
and the Druids of Great Britain, were not all branches
of the same philosophical school, holding certain doc-

trines in common, though distinguished fVom one ano-

ther by tlie degree of improvement to which they had
respectively attained, or the political and moral circum-

stances of the countries to which they belonged.

One principal tenet ofthe Gymnosophists appears to

have been that of the metempsychosis, or transmigra-

tion of souls ; whether we understand by this term the

passage of the soul from one human body to another,

or the transmission of the immortal spirit through the

bodies of different animals, till having been defwciited

and refined in its progress, it enters at length into- the

immediate and beatific presence of tiie Supreme Divini-

ty. The doctrine of the metempsychosis was after-

wards taught with greater celebrity by Pythagoras

;

and, as the philosopher just named is known to have
travelled into India, there is reason to believe that he
borrowed it from the Gymnosopliists. In many features

of their character, however, the snpicnles Indias ap-

pear to have resembled the stoics. They uiulervalued

and despised the goods of fortune, and lived chiefiy in

the woods and desert places, supjiorting themselves

upon the spontaneous productions of the earth.^ Hence
they are called, by Clement of Alexandria, ah'iii, or hi/-

lobii ; and he relates ofthem, that they inhabit neither

cities nor villages, but eat acorns, and drink water out of

their hands. They abstained from niarriiige and the

society ofwomen. They iield that every man was suf-

ficient for himself, neither dependant upon others for

the supply of liis wants, nor requiring their assistance.

They cherished a spirit of lol\y independence. When

Gymnwtj.M

f
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©inosiv Alejcnmler the Great sent one of his captains to n botly

Iwst of the tiymnosophistfl, inviting them to a conference,

(psies.
they ref)lietl, that it was not their practice to visit any
one, but that if the Macedonian king l)ad any thine to
commiinic.-ite, they were ready to receive liini. Tney
maintained tlic lawfulness, and even the duty of sui-

cido, and attaclictl a degree of infamy to a lingering

and anticipated dissolution. " Apud hos," says Quin-
tu3*C'nrtiu8, " occupare futi diem, pidchrum ; et vivos
se cremari jtibent. Qiiibus ant scgnis actas, ant in-

comnioda valetudo est, expectatam mortem pro dedecore
viUD habent. Nee nllus corporibus, quas senectus solvit,

honos redditur. Inquinari putant ignem, nisi qui spi-

rantes recipit." De lieb. Gesl. Alcxand. Magn. lib. viii.

c!).

Apnleius Florid, lib. i. thus describes the Gymnoso-
phists :

" They are all devoted to the study of wisdom,
both the elder masters and the younger pupils : and
what to me appears the most amiable thing in their
character, is, that they iiave an aversion to idleness and
indolence ; accordingly, as soon as the table is spread,
before a bit of victuals be brought, the youth are called
together from their several places and offices, and the
masters examine them what good they have done since
the sunrise: Here one relates something he has dis-

covered by metlitation ; another has learnt something
by demonstration ; and as for those who have nothing
to allege why they should dine, they arc turned out to

work tasting." (/j)

GYMNOTUS Electhicus. See Electricity, vol.

viii. p. 477, 478, and Plate CCXLVI. Fig. S.'

GYNANDRIA. See Botanv, vol. iv. p. 74, 77,312.
GYPSIES. Towards the earlier part of the fifteenth

century, the attention of various European nations was
attracted towards a wandering trilie of people, entirely
different in appearance and manners from the establish-

ed inhabitants, and, speaking a language peculiar to

themselves. None could account for their origin ; nei-
ther could the route by which they had been introdu-
ced be explained : they took np a temporary abode in
places most congenial to their disposition, and were gra-
duallj' dispersed throughout the continent, and amcng
the principal islands. During thSr -first introduction,
and the periods immediately succeeding it, the stran-

gers received various ap|)ellations, resulting either from
corrupted dialects, or the opinions of those among
whom they dwelt. But by common consent, conjoined
with some imperfect traditions regarding their history,

the name of Egyptians, or Gypsies, has been long be-
stowed upon them.

In so far as we are enabled to collect, these people
have undergone no alteration with the lapse of cen-
turies ; they are a rude, illiterate, uncultivated race
at this day ; time and climate have been alike ineffec-

tual in producing a change ; they are the same in

Siberia, in Turkey, in India, and in Europe: and if

their vices have not increased, neither has there been
any amelioration in their character. M. Olivier found
a race of gypsies in Aleppo, and Lieutenant I'otlinger

saw tribes resembling them in Beloochistan. The
gypsies are of a dark complexion, symmetrically form-
ed, and rarely subject to deformity ; they have beauti-
ful white teeth, and the women fine black eyes, but the
men arc characterised by a scowling aspect. They are
not remarkable for strength ; they are swift of foot,

but decidedly deficient in courage. The swarthmess
of their colour is undoubted, and the eJirlier historians
call them " black horrid looking men ;" but the com-
plexion of those who are kept cleaner than nsutd, is

3

evidently lighter: beside*, there can be little doubt Cn<ia.
that an alteration in this respect may lie slowly effected '—"V^
by the tempcroture of the atmosphere, or in the courtc
of successive generations.
The gypsies testify an indifTcrence to the quality of Cypd«*fc-

their food, unknown among the least civilized tril)es of potcd m W
Europe. Carrion is a dainty to them ; a murrain a- "on'W*
mong cattle, whereby they may obtain abundance oC
flesh from animals dying of disease, is a joyful and
profitable event ; and they arc even disposed to eot
It almost raw. 'I'liey have been accused of cannibal
appetites j and as the existence of cannibaU in .icveral

parts of the world is beyond dispute, we are not enti-
tled to deny the fact with respect to gy )).sies. In the
year 1782, after having for a length of time disturbed
the tranquillity of Hungary, where they are numer-
ously disseminated, many were brought to trial, and
convicted of various crimes, among which were rob-
bery, murder, and feeding on hum.in flesh. It is re-
corded, that they confessed having killed tliree people,
and ate their bodies in great festivity, among other
delicacies, at a wedding; that they preferred young
persons from sixteen to eighteen years of jge, and burnt
their bones for fuel. The band to which these male-
factors belonged, had subsisted 21 years, during which
84 individuals had perished by their barbarity. But the
punishments inflicted on the criminals, were too shocking
to admit of description. Thirteen were put to deatli

at Frauenmark, in August; 15 at Kamez.i, in Septem-
ber; and at Esabrag 13 more, including IS women
who were beheaded. Many others were condemned,
but respited, and 1 50 remained in chains. Yet whether
these gypsies were actually guilty of such enormities,

or whether they were the victims of persecution on
slight grounds of suspicion, appears to us problematical.

Amidst the numerous accusations of European canni-

balism, few if any have been satisfactorily provetl ; and
although the Asiatic gyjjsies are indirectly chiu-ged with
the same depraved propensity, it is only on very slight

evidence. Thus they have an immoderate desire for ar-

dent spiiits ; and tobacco is so grateful, that they will

be content to abstain from every thing else for a whole
day, for a single leaf of it.

Gypsies have no settled abode, and never dwell in Htiblutiom.

cities. They live in huts, or even in excavations of the
earth, generally on the side ofa hillock, that has a south-
ern exposure. A roof is fonned of rafters, overlaid with
turf, and a woollen clotli is often drawn across the

aperture left for a door. Some of the more miserable

only shelter themselves in forests, or behind hedges in

the wanner climates. A fire occupies the middle of
the hut, around which the children lie naked ; and in-

deed the whole tribe, although delighting in finery, go
very scantily clothed. But if a single gaudy article

can be obtained, tlie rest is disregardetl ; whence a

man is sometimes seen on the continent in an old ri-d silk

coat, or a woman adorned with glaring ribbons, while

their other apparel consists of rags. Linen is a scarce

commodity among them, for tlie females can neither

sew nor s])in.

None of the gypsies are agriculturists. Where they ProfcwiiMh

have, by unusual fortune, and by abandoning their no-

madic life, become proprietors of spots of ground, the

cultivation of it is left to others. Their own pi-ofc'jsions

ore gold washing in Hungary, at which they are very

expert, farriery, rude occujiations in smith work, anil,

in Britain, they arc for the most part employed in the

lowest branches of that art. Their tools and materials

are alike indiflereut. Nothing is done but on a snail
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Gypsies, scale ; and it is observed, tJiat the artificer always sits

"^^C^" down cross-leggetl to his work, which is considered as

denoting the eaiitern origin of his race. They were

formerly employed abroad in the execution of crimi-

nals, wherein they displayed a skill in the art of tor-

turing their fellow-creatures, corresponding with their

own innate pusillanimity. Many dealt in horses, but they

practised such ingenious deceptions, and to so great

an extent, that a royal ordinance prohibited this part

of their profession. Their females form a considerable

portion of the dancing girls of India. They combine
music with their allurements ; and most of them, both in

that peninsula and Turkey, as likewise in Spain, subsist

on the wages of prostitution. Every where the charac-

ter of their dances is the same ; and, in Spain, one of

them called Maguindry is prohibited under severe pe-

nalties. The men and women sometimes bring forward

dramatic exhibitions, for the performance of which
they are called before the houses of the wealthy. The
women, as is well known, pretend to skill in divination,

and tell the fortunes of the credulous from palmistry,

physiognomy, or moles on the skin ; hence the origin of

the beautiful engraving of Z.aZiwg'fiTff. So long ago as the

year 1531, we find an English statute narrating, "that
before this time many outlandish people, calling them-
selves Egyptians, using no craft nor ieat of merchan-
dize, have come into this realm, and gone from shire to

shire, and place to place, in great companies, and used
great, crafty, and subtile means to deceive the people,

bearing them in hand, tliat they, by palmistry, could
tell men and women's fortunes, and so, many times by
craft and subtilty, have deceived the people of their

mone)', and also have committed many heinous felonies

and robberies, to the great hurt and deceit of the peo-
ple they have come among." It is singular, th:;t at

Tobolsk in Siberia, their practice and professions are
the same. " They watch every traveller,'' according to

Commodore Billings, " and pretend to explain the
mysteries of futurity, by palmistry or physiognomy.
The peasant dreads their power, and, from motives of
fear, contributes to their support, lest they should
spoil his cattle or horses." Thus, in the western parts
of I^urope, and the eastern parts of Asia, at an interval
of nearly three centuries, the gypsies are distinguished
by corresponding features, scarcely modified by the
people among whom they seek an asylum,

"ftcligion.
^
This tribe is utterly unacquainted with science and

literature. The scanty knowledge of their forefathers
reniains with them unimproved. A few of those
in Spain, however, pretend to knowledge in medicine
or surgery ; and the females in the neighbourhood
of Calcutta visit that and other towns, and prescribe
for the complaints of their own sex. They have no
.settled principles of religion ; they are Turks with
Turks, and Christians with Christians. It does net ap-
pear tiiat they celebrate any religious rites, or enter-
tain the common sentiments of mankind in regard to a
future life, or places of reward and punishment. The
son of a more civilized Transylvanian gypsey having
died at school, and being about to receiveChristian bu-
rial, the officiating priest inquired, whether the survi-
vors believed that the deceased would rise again at the
last day i" " Strange supposition !" they answered, " to
conceive that a carcase, a lifeless corpse, should be re-
animated, and rise again ; it is no more likely to hap-
pen, m our opinion, than to the horse we flayed a few
days ago." Iheir children, however, are circumcised
m Turkey, and baptised in Europe.

Marriage?. Their maiTiages, w^iich take place at a very early

age, are void of ceremony, and rather resemble tempo-
rary connections than a union for life. One of their own
number performs the part of priest, and thus gives it

the sanction of publicity. The youth then forsakes his

father, along with liis bride, and if capable of mecha-
nical exercises, he provides a pair of tongs, a stone for an
anvil, a hammer and a file, to commence the profession

of smith, after the fashion of his predecessors. In India

a scene of riot and intoxication precedes the establish-

ment of the parties, and certain mystical ceremonies at-

tend the marriage. The men are extremely jealous of
their wives, who are kept in strict subservience, and are

in danger either ofcorporal punishment, or absolute dis-

missal, if they happen to displease them. Both sexes

are extravagantly attached to their oft'^pring; and, in

some countries, it frequently happens that the readiest

method of obtaining payment of the father's debts is b)r'

arresting his children. No education is given to the

young, unless it be instruction in obscenitj', and in the art

of stealing dexterously. Infants of five or six months old

are supplied with spirits in India, and their mothers,

while indulging a fatal propensity to the same beverage,

suckle them until they have seen as many j-ears. In
Europe these people are remarkably healthy, and escape

those epidemical maladies which sweep away thousands

around them ; and even when they labour under dan-
gerous diseases, they pertinaciously refuse medical as-

sistance. They make loud lamentations at funerals,

and carry the body of the leader of their horde with

great respect to the grave.

The language of the gypsies, though it has neces- i

sarily undergone many changes from their successive

migrations, and tiie corruptions unavoidable from living

among other.s, is peculiar to themselves in Europe ; but
it contains many afiinities with a dialect of particular

casts in Hindostan. This fact receives the stronger cor-

roboration, from having been first recognized by some
young men, natives of the coast of Malabar, who were
prosecuting their studies at I.eyden. Numerous expres-

sions were compared by them, and the same has since

been carried to a greater extent, bj' literary men residing

in India. Etymologies are in general to be distrusted, for

they frequently lead to the most ludicrous and absurd

mistakes; but we cannot deny, on the other hand, that the

affinities of languages spoken by nations separated far

asunder, may be found so strong and decided, that

we shall find it difficult to deny them a common origin.

On this subject Grellman remarks, ' with respect to

the construction and infiexion of the two languages,

they are evidently the same, that of Hindostan has only

two genders—the gypsey the same. In the former,

every word ending in / is feminine, all the rest are mas-

culine ; in the latter it is the same. That makes the

inflexions entirely by the article, and adds it to the

end of tiie word ; the gypsey language proceeds exactly

in the same manner. Finally, likewise, excepting a few

trifling variations, this identical similarity is evident in

the pronouns." Many other instances of mutual corre-

spondence may be produced, almost all tending to a si-

milar purport, as may be seen at large in the writings

of those authors who discuss this subject.

The gypsies of Europe acknowledge a chiefor leader,

who usually assumes the dignified title of wayvode or

prince, duke, count, or lord, according to the countries

frequented by them. The most exalted of these titles

is given to one who presides over the gold washers in

Hungary, and the dignity is elective, but with some re-

gard to descent from a former wayvode, and also to the

sts^ture and apparel of tlie individual chosen, who is

«yi)'l.<
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commonly about llic middle age. He is merely lifted iip

three times with the loudest acelnmnticns, amidst a nu-
merous concourse of the tribe ; his wife U treated with
similar ceremony, wiiile the dignity of l)oth is recog-

nized by all present. The titles nnumed by these

jieople are of ancient date : they appear in the fifteenth

century ; and in the commencement of the Mxtecnth,

King James I\'. of Scotland grants a pass and recom-
mendation to the king of Denmark, in favour of the

tribe of Anthony Ciawino, an I'.arl from Little F.gypt.

He specifies that this miserable train had visited Scot-

land by command of the Pope, an<l having conducted
themselves properly, they wishetl to go to Denmark :

He therefore solicited the extension of his royal uncle's

munificence towards them ; adding, at the same time,

that these wandering Kgyptians must be l>etter known
to him, bccjuise tlie kingdom of Denmark was nearer to

Egypt ! In Hindostan, the gypsies have a chief who has

very little direct authority over them, but he controuls

the establishment of sets who profess dramatic exhibi-

tions, and draw a tribute from their profits. They even
acknowledge a rude judicial procedure betbrc a court of
five persons, or a general assembly, and any individual,

for petty offences, has to pass the ordeal of applying a
l-.ot iron to his tongue. If conviction follows, the cul-

jirit is generally sentenced to pay a fine in liquor, of
which his judges participate ; or, as a mark of the

highest ignominy, he may be condemned to have his

nose rubbed on the ground.
Almost in every country throughout the globe, the

gypsies have long been the objects of reproach and de-
testation. From their first appearance, they have been
wandering outcasts, and universally refused a settle-

ment in towns, or in their immediate neighbourhood.
The dislike manifested towards them, though attendetl

with less barbarous consequences, may be assimilated

to the detestation which has accompanied the Jews,
since the destruction of Jerusalem. Those atrocious

cruelties, however, that stain the annals of nations, can-
not with confidence be chargeol on this nomadic tribe.

If their crimes are numerous, they are of a petty de-
scription, directed against the property more than the

persons of their fellow creatures. The gypsies have
no where manifested virtuoiis principles, or any desire

to excel ; the depravity of the parents passes to the

children, who inherit, along with it, the tletestation of
tlie people among whom they seek an abode. In fo-

reign states, many attempts have been made to reclaim

them, but there, as well as in our own inland, they have
been for the most jiart indiscriminately condemned to

exile. Neither has the politic and patriotic views ofthe
governments thus directed, been attended with the suc-

cess which they merited.

In the year 178'2, the Empress Maria Theresa pro-

mulgated an edict, prohibiting gypsies from dwelling
in tents, and enjoining them to settle in fixed abodes.

They were forbidden to Vfander about, to allow their

childen to go naked, to deal in horses, and to wear
cloaks whereby thefts might be easily concealed.

Ttiey were also commanded to abstain from feeding

on carrion, to frequent the churches, and to con-
fonn to the manners of the inhabitants of the territory

where tliey resided, 'i'heir usual name was to be
abolished, and in future they were, instead of gyp-
sies, to be called new Lo'jrs, and occupy themselves m
the active prosecution of agriculture. These regula-

tions, wisely conceived, being ineffectual, severer en-

actments followed. It was decreed, that no gypsey
should be permitted to marry, unless he could shew

himself in n lituotion to inninlnin a wife und family ; Gfft—.
nnd tlint those «ho had children shor' '

' '' '

'v - i
*-'

deprived of them, in order that the i i

should have the benefit of a brttcr mo<l<- oi mnr, wnn.

The latter part of this ordinance wan carried into cIliTt,

and in certain districts, all the children alMivc five years

of age were conveyed away in waggons from their p.i-

rents. But it is not evident that such compulsory mea-
sures were beneficial; and the failure of others in thr

eastern extremities of Russia, nearly at the sjime |>eriotl,

though more gentle, prove that it will be exircmely

difiicult to reclaim the gjpsies to habits of industry.

Experience daily proves, that mankind, who have
roamed at liberty, are averse to a settlfl residence, and
that the controul of those living in society is on ar-

du(ms undertaking, while their management is eaiily

accomplished should they be only in an isolated state.

With the diminution of their own hordes, a gradual in-

corporation will take place with those around them,

and probably is insensibly doing so at this moment
where they are least numerous. No accurate compu- Number of

tation can be formed of the extent of the united tril>es the gypwM.

of gypsies dispersed throughout the world ; for they are

unequally distributed, and only partially known. Grell-

man conjectures, that those in Europe may amount to

700,000 or 800,000 ; of whom Twiss conceive* 40,000

to belong to Spain : there are many in the Turki>h em-
pire, but few in the island of Britain, particularly north

of the Tweed.
The history of the gypsies is an enquiry not less ol>- Kiitary.

scure than diHicult ; and it must be allowed, that even

yet we have no conclusive authorities relative to its ear-

liest pcriotl. Analogies certainly prove the eastern

parentage of their tribes ; but why they left their na-

tive soil, ox how they penetrated into Europe and its

more distant islands, we are unable to discover. It is

commonly believed, that they migrated from Egypt

;

an opinion which has probably received peater corro-

boration from their name" than from other circumstances.

But neither their size, complexion, manners, or ap-

jjcarance, correspond with those of any Egyptians dc-

bcribed in ancient or modern history ; hence, if we arc

to draw any argument from their name, we must

say it arises from Egypt, being the last point of their de-

parture from the East. Those observers who have

most profoundly studied their historj', find a striking

resemblance between the gypsies and the natives of

Hindostan: Should this hypothesis be correct, they

may have reached the isthmus of .Suez by the north ol'

India, and crossed it into Egypt ; a progress by no

means impracticable, but which does not satisfactorily

account for their immediate access to Europe. The

time of their first appearance in this quarter of the

globe is unknown ; but towards tlie l>eginning and

middle of the fifteenth centur}', they attracted general

attention as a strange people. They are recorded to

have frequented (lennany in the year H17 ; Switzer-

land in 1418 ; and they are sjjoken of as being in Italy

in 1422. It is said that they were originally known

in France bv the name of Bohemians ; and arrived at

Paris on the 17th of August 1 127. They travel-

led in hordes, generally of 70 or 100 persons, pro-

bably finding it expedient not to accumulate too much;

and each horde had a leader, who assumeil a title

which, however, has more the cliaracter of the V\'est

than the East. Rapidly spreading over Europe, they

were at first believe<l to be pilgrims, chiefly from

the Holy Land ; and, hence they both received pro-

tection and indulgence, and were treated witli marks



606 GYPSIES.
Sypaes.

British stiu

lutes re-

frarding

them.

of veneration wherever thay went; but their real

disposition speedily betrayed itself; they proved a

lawless gang of depredators, deceiving the credulous,

plundering their benefactors, and rendering them,

selves obnoxious to all civilized nations. Every arm
was lifted against them ; they were driven from place

to place ; and at length the very name of being

a gypsey, was esteemed a crime deserving capital pu-

nishment. It is not unlikely, that the severity of the

enactments directed against them, had the effect of di-

viding and spreading tlieir hordes still farther, to avoid

the penalties of a permanent residence. But the bai--

barous and unsettled condition ofthe different European
states, was a powerful obstacle to the establishment of a

vigorous police ; and it is only in recent times, that the

kingdoms, in which we dwell at peace, liave been freed

from vagabonds and beggars, who, invading the cotta-

ges of the peasantry, demanded alms in a manner that

their inhabitants durst not refuse.

Gypsies are always included in the statutes re-

specting vagabonds; and in the year 1531, they were
commanded at once to depart from England within si.x-

teen days. The laws of Scotland exhibit repeated in-

stances of the liglit in which they were subsequently

viewed; for an ordinance of the Privy Council of 1603,

converted to a perpetual act in 1 609, decreed, that the

whole race should quit the kingdom under pain of

death. Nevertheless they found means to evade com-
pliance ; they continued roving about the country ; and,

as is well known, one of them having seduced tlie affec-

tions of a Countess of Cassilis from her husband, per-

suaded her to elope wfth him. In the criminal records,

several of the same name as this adventurer appear to

have been brought to trial for petty offences, and for

being found in Scotland. Four gypsies named Faa, were
condemned to be hanged in I6l ', though they seem to

have had permission to remain. Two more of this name
were tried in lb'l6 ; and in 1624, Captain John Faa, and
five other men of his name, were sentenced to death.
Their execution was followed by the conilemnation of
Helen Faa, widow of Captain John, Lucretia Faa, and
nine females more, all to be drowned for being reputed
Egyptians, for remaining in the kingdom, and having
committed petty thefts. But this barbarous sentence wag
commuted to perpetual banishment. The terror of these
trials quieted Scotland for nearly a century; and, -ex-
cepting a few itinerant gypsies, universally denomina-
ted tinkers, none are now to be seen. They are also
gradually disappearing from England, where they seem
inclined to be turbulent ; and some years ago, we be-
lieve, that, on the apprehension or punishment of one
of their gang, they threatened to set fire to the town
of Norwich. In a country so industrious as Britain, the
residence of men who live in a state of idleness cannot
be permanent : and they will either depart, or their
habits will be assimilated to those around them, while
they tliemselves are slowly absorbed in the great mass
of the people.

See Peysonnel Observations snr les peuples harbares
qui Old habile les bonis du Danube; Thomasius Dc Ciii-

garis; Muratori Renim Ilalicarum Scriptores, torn, xviii.;

Swinburne's Travels in Spain; Twiss's Travels in Spain;
Asiatic Researches, vol. vii. ; Grelhnann's Dissertation

on the Gypsies ; Laborde's View of Spain ; Olivier

Voyages, torn. ii. ; and Pottinger's Travels. See alse

Free Masonry, (c)

GYPSUM. See Mineralogy.
GYRATION, Centre of. See Mechanics,
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Habeas corpus, is a writ in the English law, of
^ wliic'li there are various kinds, for removing prisoners
from one court into another, for the more easy admi-
nistration of justice. Such are the hxiheas corpus ad
respntuleiidiim. satijaciendum, prosequendum, testifican-

dum, diUhcra'idum, Sfc. when a prisoner is removed
from an inferior court to be charged with a new action
in the courts above ; or when he is to be charged witli
process of execution ; or when it is necessary to remove
a prisoner in order to prosecute or bear testimony in
any court, or to be tried in the jurisdiction wherein the
fact of which he is accused was committed. There is

also the common writ adfactendiim el recipiendum, other-
wise called an habeas corpus cum causa, which issues
out of the courts of Westminster Hall, commanding the
inferior judge to produce the body of the defendant in
a process, together with the day and cause of his cap-
tion and detiiiner, to do and receive whatsoever the
king's court shall consider in that behalf.

But the most important writ of this kind, and the
most efficacious for vindicating the personal liberty of
the subject in all cases of illegal confinement, is that of
habeas corpus ad sul)jiciendum. This is a Iiigh prero-
gative writ, and therefore, by the common law, issuing
out of the court of King's Bench, not only in term time,

but also during the vacation, by a Jiat from the chief
justice, or any other of the judges, and running into all

parts of the king's dominions. Like all other preroga-
tive writs, it must be applied for by motion, and does
not issue of mere course, without shewing some pro-
bable cause why the extraordinary power of the crown
is called in to the assistance of the party. And this is

the more reasonable, because, when once granted, the
person to whom it is directed can return no satisfactory

excuse for not bringing up the body of the prisoner.

This also, it will be observed, induces an absolute ne-
cessity of expressing, upon every commitment, the rea-

son for which it is made ; in order that the court, upon
an habeas corpus, may examine into its validity, and
act according to the circumstances of the case.

The law of England has always been extremely care-

ful in asserting and preserving the personal liberty of
individuals, which ought never to be abridged at the
mere discretion of the magistrate, without the explicit

permission of tlie laws. The great charter provides,

that no freeman shall be taken or imprisoned, but by
the lawful judgment of his equals, or by tile law of
the land ; and many subsequent old statutes expressly

direct, that no man shall be taken or imprisoned by
suggestion or petition to the king, or his counsel, un-
less it be by legal indictment, or the process of the com-
mon law. The writ of habeas carpus afTorils an imiple

and effectual remedy in all cases of illegal confinement

;

yet this remedy was in danger of being rendered nuga-
tory during the early part of the reign of Charles I.

the court of King's Bench having determined, that they

could not upon an habeas corpus either bail or deliver a
prisoner, tliough committed without any cause assign-

ed, in case he was committed by the special command
of the king, or by the lords of the privy council. This
illegal judgment drew on a parliamentary enquiry, and
produced the petition of right, 3 Car. 1. which enacted,

that no freeman shall be im{)risoned or detained with-

out cause shewn, to which he may make answer ac-

cording to law. The evasions of this en.ictment, how-
ever, which were attempted in the following years, par«

VOL. X. PART II.

ticularly i^ the case of Mr Selden, |grave rite to the lU-
tute 16 Car. I. c. 10. § 8 whereby it was provide<l, that
if any per.«on be restrained of his liberty by order or
decree of any illegal court, or by command of the king't
majesty in person, or by warrant of the council board,
or of any of the privy counsel ; he shall, upon demand
of his counsel, have a writ of habeas corput, to bring his
body before the court of King's Bench or Common Pleas,
who shall determine whetherthecauseof his commitment
be just, and thereupon do as to justice shall apfiertain.

But other abuses now crept into daily practice, which
in some measure defeated tlie benefit of this great con-
stitutional remedy ; and in the case of Jenks, who in
16"76 was committetl by the king in council for a tur-

bulent speech at Guildhall, new shifts and devices were
made use of to prevent his enlargement by law. These
abuses gave birth to the famous haheat corpus act, S\
Car. II. c. 2. which has frequently been considered as
another magna charta of the kingdom ; and by which
the methods of obtaining this writ are so plainly point-
ed out and enforced, that, su long as this statute re-

mains unimpeached, no subject of England cati be long
detained in prison, except in those cases in which the
law requires and justifies such detainer.

Sometimes, when the state is in real danger, a tem-
porary suspension of the habeas corpus act is thought
necessary ; but, fortunately, it is not left to the execu-
tive power to determine when the danger of the state

is so great as to render this measure expedient. For the

Parliament only, or legislative power, whenever it sees

proper, can authorise the crown, by su8])ending the

habeas corpus act for a short and limited time, to impri-

son suspectetl persons without giving any reason for so

doing. This, however, is an experiment which ought
never to be resorted to, except in cases of extreme
emergency. See Bkckstone's Comment. B. III. ch. 8,

and Jacob's Law Diet, by Tomlins, in which the reader

will also find the substance of the provisions contained
in the habeas corpus act. (r)

HABIT. See Moral Philosophy, and Association
OF Ideas, vol. ii. p. 570, col. 1.

HACKNEY. See Middlesex.
HADDINGTON is a royal burgh of Scotland, and

the county town- of East Lothian or Haddingtonshire.

It is situated on the small river Tyne, and consists of
four streets which cross each other nearly at right angles.

One of these has two branches, viz. the Fore and the

Back Street, the first of which tTosses the place of in-

tersection. The streets are in general spacious and
clean. The houses, particularly those in the Fore
Street, are neat and well built ; and in the suburbs are

some elegant little villas. At the end of the Fore
Street, at its junction with tlie Back Street, is a
neat town house, erected from the designs of the

late Mr Adam. The old abbey, which contains the

parish diurch, is one of the principal ornaments
of the town. This venerable pile was formerly

the church of the Franciscan monastery, and was
erected during the reign of Alexander II. In Febru-

ary I355-t), the town and inonxstery, along with the

church of tiie Minorites, were burned by Edward III.

Tlie parish church, which has lately been much im-

proved and embellished, occupies the west end, and the

rest of the building is in ruins. In the aisle, which

forms the burying-place of the Maitland family, is »

marble statue of the Duke of Lauderdale lying on a bed
4g
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of state, and also the monument erected to John Mait- HADRAMAUT. See Ahauia, vol. ii. p. 275, &c.

land, Baron of Thirlstane, Lord High Chancellor of HADSJAR. See Arabia, vol. ii. p. 275, &c.

England which contains an inscription from the pen HAERLEM, or Haaulem, a town in the United

of James' VI. The Episcopalian chapel, built by pri- Provinces, 12 miles west of Amsterdam, and 15| north

vate subseriptioTi, is neat and commodious. About a of I>eyden, is a place of con.siderable aiitiquity, and has

I- mile to the cast of the town, near the suburb called experienced many viriss.tudes in its history. In 1219,

Nuninite, are the ruins of a nunnery, founded in 1178 the citizens having signalized themselves in the cru-

hf Adda' widow of Prince Henry, and mother of Mai- sades, were rewarded with great privileges by William,

colm IV.' The bridge over the Tyne, which ccnnecta king of tlie Romans, and Comte of Holland. At dif-

this suburb with the town, is built of stone, and con- fereiit times, especially in 1S47 and 1351, it was al-

si?ts of three arches. Several remains of the ancient for- most entirely consumed by lire. In 1+92, it was seized

tifieations of the town arc still visible. Haddington had and pillaged by the faction of the Caes-cn-brool, but

formerly a house of dominicsns or black friars, who were was recovered by Albert, duke of Saxony, who punish-

introduced into Scotland in the reign of Alexander II. ed the insurgents, and deprived the inhabitants of their

Pladdington sends a member to parliament along privileges. At the request of Philip II. of Spain, it

with Jedburgh, Dunbar, Lauder, and North Berwick, was erected into a bishop's see by Pope Paul V. ; but.

It is governed by a provost, thr.ie bailies, a dean of in 1571, the citizens embraced the Protestant faith, and

guild, a treasurer and 12 councillors, and has seven in- submitted to the Prince of Orange. It was besieged in

copor'ated trades. The principal manufacture carried 1572 by Frederick of Toledo, son of the Duke of Al-

on in Haddington was one of coarse woollen cloth; but va, and for the space of eight months made a most

it has some time ago been abandoned. The manufac- desperate resistance. Even the women of the place

tare of starch was attempted by Mr Wilkie, jun. of formed themselves into regular battalions, and shared

Gilchriston, a public spirited individual, but it did not in all the duties of the garrison. At length, worn out

succeed. A new flour mill, driven by steam, has been by famine and fatigue, they agreed to surrender, upon

built in the Nungate ; and an extensive distillery is at condition that the lives of the garrison and of the citi«

present erecting on the bleachfield by Mr Dunlop, one of zens should be spared ; but the articles of capitulation

the partners of the distillery at East Linton. The town were perfidiously violated, and two thousand of tlie sol-

has also suffered considerable injury, from the removal diers and inhabitants were massacred in cold blood. In

of the extensive barracks in its immediate vicinity. 1577, it was finally united with the States.

The country around Haddington is extremely rich and Haerlem is a large and handsome town, well built,

beautiful, and is ornamented with many gentlemen's and well paved. Its streets arc bro.id and regular ; and,

seats, the principal of which are Amisfield, one of the like the other towns of Holland, it abounds in canalti,

seats of the Earl of Wemyss ; Clerkington, the seat of bridges, and trees. The buildings most worthy of no-

Mr Hepburn; Leadington, the seat of Lord Blantyre ; tice are the palace, the public library, and the cimrch.

Coulston, the seat of Lord Dalhousie; Alderston, the The last is a very large structure, crowdefl, as is corn-

seat of Mr Stewart ; and Letham, the seat of Mr Buchan mon in that, country, with square wooden monuments,
Hepburn. without any name, but having the arms of the deceas-

The following is the population of the burgh and f^
Fainted on a black ground and the date of the death

nri! 1R1I m gold letters. Its pnncipal ornament is the organ.

Number of inhabited houses ... 671
which is accouijted the finest in the world, and which

Do. of families 10*1
occupies the whole west end of the nave. It is sup-D, 1 • •„ u _„ ann ported by eight marlile columns, between tv.-o oi wlncli

o. employed m agriculture .... 379 r^^, •'..*• i. i i .• i u r -.i,
T-v • » ^ J f . _ oon m the centre is a noble emblematical alto-relievo, with
Do. m trade and manufactures . . . 389 i , i-,- r.. i •,.. • ,r.To iiw , . "002 figures as large as lite. It was built m 1738, and has

Females' 2368 8000 pipes, the largest of which is .32 feet in length,

and 16' inches in diameter. There are 60 stops or
Total population . ^

4370 voices, four separations, two shakes, two couplings,

^tc Statistical Account of Scotland ; Transactions of and twelve bellows. There is a pipe, which in itates

the Antiquarian Society of Scotland, vol. i. ; and Chal- the sound of the human voice, but it generaiiy dis-

mers' Caledonia, vol. ii. p. ^IS. appoints the expectations of strangers. Thepov.er and
HADDINGTONSHIRE. See Lothian, £n*/. variety of tone possessed by this instrument, is said to

HADLEIGH, or Hadley, is a market-town of be truly astonishing. Someof its notes are so delicate as

England, in the county of Suffolk, situated on the river scarcely to exceed the war'ulings of a sruall singing

Breton. Its principal ornament is its church, which is bird ; and others so loud, as to siiake the massy pile

a handsome structure with a spire steeple, situated in in which it stands. " When the whole strength of the

the middle of the town. The altar piece of the church organ is exerted," says Mr Fell, " never did 1 hear, or

is very handsome. Guthrum or Gormo, the Danish could conceive, sounds more go<l!ike. The swelling

chieftain, who was defeated by Alfred, embraced Chris- m.ijesty of each gigantic note seems of more than mor-
tainity, and reigned over the East Angles for 12 j'ears, tal birth, and the .slightest sounds enchant the ear.

was interred here in 889- The tomb, however, which Solemnity, grandeur, delicacy, and harmony, are the

is shewn as his, is supposed by Mr Gough to be of characteristics of this noble instrument." It is played
much later date. Twelve alms-houses for 24 aged on two days of the week, for an hour e-ach time ; and
persons were founded here in 1497 by William Pyken- the church is, on these occasions, the resort of the first

nam, dean of Stoke College, who was rector of Had- company of the place. Haerlem is still more justly ce-

leigh. This town formerly carried on a great trade lehr.ited as the birth-place of Laurence Costar, who
in cloth ; but its principal business is now that of is said to have invented the art of printing, and the

spinning yarn for the weavers of Norwich. In 1811, site of whose house is still pointed out to strangers

the town md parish contained 509 inhabited houses, by an insaiption. He is said to have made the dis-

529 families, and a population of 2593. See Beauties covery by cutting the initial letters of his name upon
of England aud Wales, vol. xiv. p. 211. a piece of bark, and using it as a seal ; and speoi-
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mens of the infancy of the art «rc preserTctl in the
town-house. An academy of sciences was f(iiin(le<l in

1752 ; ami there is an elejfant muaeum of natiiriil his.

tory fomieil by Dr Van Marum, superior to any other
cabinet in Holland, The articles are in an excellent

state of preservation, and arranged with scientific taste.

The insects of the Vapitio tribe are said to be particu-

larly numerous, and many of them of the rarest de-

scrij)tion. There is an institution founded by Peter

Teyler Vander Hulst, a rich merchant of Haerlem, who
bequeathed the whole of Iiis fortune for the improve-
ment of knowledfje, and the relief of the ]Toor. Its

annual revenues are said to have amounted, before the

revolution, to the sum of 100,000 florins ; but, instead of
being applied to objects of science, they were allowed to

accumulate, and are suspected to have been secretly aj)-

propriated, during the ascendancy of the French re-

public, to the urgent necessities of the state. The
Stadhouse is a m;ignificent building at one end of the

market-place, and contains a number of valuable paint-

ings, among which is the first piece in oil, by Eyert,

in 1437. which was sold during the siege in 157'2 for

a few stivers, and is now valued at ifi2000. Haerlem
is not a place of much trade ; but is celebrated for its

flourishing manufactures of velvets, damasks, fine li-

Bens, dimities, satins, worsted stuffs, ribbons, &c. which
employ a number of workmen, and supply a profitable

branch of traffic with Germany and Brabant. Its

bleacheries, also, are famous for the delicate whiteness

which they give to linen cloths, which has been attri-

buted to a peculiar quality in the waters of the lake of

Haerlem, incapable of imitation by any chemical pro-

cess hitherto discovered. Great quantities of beer are

exported to Friesland, &c. ; and a gainful trade is car-

ried on in flowers, one of which, a hyacinth, seen by
M. Dutens in 1771> was valued by its owner at 10,000

florins. In the neighbourhood of the town are several

handsome villas, and a wood ofconsiderable extent full of

delightful walks. About three miles distant is an exten-

sive lake, called Haerlem Meer ; sometimes, also, the Sea

of Leyden, generally ten feet in depth, and containing a

surface of fifteen square leagues. The population of

Haerlem is 30,000. East Long. i^SS' 19", North Lat.

52" 22' 56'". See Trotter's Memoirs of Fox ; Fell's

Tour in Holland; Carr's Tour in Holland} and Owen's
Travels, vol. i. {q)
HAGUE, a town in Holland, and theseat oftheDutch

government, 10 miles south-south-west of Leyden, 14

south- west of Amsterdam, and about 3 from the coast. It

is generally termed by geographers a village, because it

has no municipal rights, and is not surrounded with walls;

but it contains at least 38,000 inhabitants, and is one of

the most elegant cities in Europe. It formed originally

a part of the domains of the Counts of Holland, under

the name of Graven Haag, Counts Hedge, which may
perhaps account for its Inmible appellation of village.

William II. Comte of Holland, removed his court from

Gravesande to this place in 1250; from which time it

has always been the seat of government, and in a poli-

tical sense the metropolis of the United States. It

stands in a drier soil, and a more elevated situation,

than most other towns in Holland ; and its atmosphere

is therefore accounted more pure and healthful. The
environs are delightful; and the approach to it extreme-

ly beautiful. The road, shaded on both sides by lofty

rows of trees, is sufficiently broad to admit four ov five

carriages abreast, and so level, that not the smallest in-

equality of surface is to be perceived. On one side

flows the canal covered with boats, and ornamented by
numerous handwme villas on it* bnnk» ; niul directly

"

in view of the traveller, appear the lofty edifices of Uie
Hague, with the beautiful forest scenery on the right
of the town. The streets are generally spacious, and
the meanest of them extremely clean. They are deco*
rated with trees, canals, and tasteful Uridges. They
are paved with a kind of light-coloured bricks, wliich
have a gay appearance,- and which are so closely joined
together, that no interstices can be perceived to har-
bour any species of dirt. The Voorhout, which is ac
counted the principal street, is about half a mile in
length, with a mall in the middle, and contains a num.
ber of elegant buildings, in the purest style of architec-
ture. But the Vyverburg is the most beautiful part of
the city, and forms an oblong square, with a line of
magnificent buildings on one side, and a large bason of
water on the other. The palace of the Stadholder con-
sists chiefly of old buildings erected at diflisrent periods,
without any regularity of design, and is surrounded by
a canal, with draw-bridges. The French church i»

noted as being the burying-place of several Counts of
Holland; and, in its vicinity, is a fine garden in imita-
tion of that of Vauxhall. To the east and south of the
town are many beautiful meadows and handsome coun-
try seats ; and the trees are so disposed as to give the
country the appearance of being better provided with
wood than it is in reality. On the west side, leading
to the fishing village of Scheveling, is a beautiful ave-
nue nearly two miles in length, and 20 paces in
breadth. It runs in a perfectly strfiight line, and is

shaded on each side by oaks, beeches, and limes of an
astonishing size, so closely and skilfully planted, as to
have the appearance of an imjiervious forest. The ut-
most care is taken to preserve this magnificent grove
from injury ; and cautions are fixed up at short distan-
ces, denouncing the severest penalties against offenders.

On the north side, about a mile from the town, is a
noble wood, about two English miles in length, and
nearly one in breadth, and full of the finest walks and
most pleasing views. The palace called Maison de
Bois, a house of retirement for the Stadholder, has no-
thing remarkable in its appearance or situation, but re-

sembles the residence of a plain country gentleman.
During the time of the Batavian republic, it was con-
verted into a receptacle for the national cabinet of
paintings ; and, to the disgrace of the government, one
suite of its apartments was occupied by the keeper of a

tavern and brothel. The gardens belonging to tliis pa-
lace are kept with great care as a public promenade;
but they are laid out in the worst taste. Every thing
is unnatural and artificial, stagnant c.inals, puerile
bridges, flower-beds of every conceivable form, and trees

cut into the most fantastic shapes. One of the princi-

pal curiosities at the Hague was the prince's cabinet
of natural history, and museum of rare productions,
which contained an excellent selection of shells, insects,

and birds, besides a great variety of toys from the East
Indies. It had been removed to Paris; but is now pro-
bably restored along with the other pillaged projjerty

of the nation. The only species of trade of any conse-

quence carried on at the Hague, consisted in the pub-
hcation ofcontinental productions,particularly of French
books ; but this literary traffic was completely extin-

guished by the revolution ; and from the absence of the

court, the city was falling rapidly into decay. By the

recent restoration of the ohl government, its empty pa-

laces have been re-occupied ; and its former amueaoe
3

lUfM.
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and splendour may be expected to return. East Long.

4° 18' 47". North Lat. 52" 4' 50". See Trotter's Me-

moirs of Fox; Fell's Tour in Holland; Owen's Travels,

vol. i. ; and Sir J. Carr's Travels in Holland. (9)

HAIL. See METEORotofiY.

HAINAN, Island of. See China, vol. vi. p. 210.

HAINAU. See Hanau.
HAIR. See Anatomy, vol. i. p. 842, and vol. ii. p.

24; and Gordon's System of Human Anatomy, vol. i.

See also Plica Polonica.
HALBERSTADT, is an ancient town of Prussia, and

capital of the principality of the same name. It is si-

tuated in the circle of Lower Saxony, on the small river

Holtzenime. The principal public edifices and curiosi-

ties are the cathedral, from the summit of which there

is a fine view of the town, the court of St Peter's, the

church of Notre D ime, and its organ. The palace now
forms the town-house and excise-offices. There is here

a literary society, which has published several journals

of merit ; and there are excellent libraries belonging to

the cathedral, to the church of Sta Maria, the church of

St Martin, and that of the Franciscans. The cathedral

library contains a manuscript of Priscian upon parch-

ment, and several annotations in the handwriting of

Luther. The Temple of the Muse?, belonging to M.
Gleim, one of the celebrated German poets, is worthy

' of being visited. The principal manufactures of this

town are those of woollen and linen goods, gloves and
•pipes, paper and wax. There is here also a work in

which cobalt is prepared. The mountains of Spiegel-

berge, about halfa league from this town, are deserving

the notice of travellers. They have been laid out in the

r^nglish style of landscape-gardening, by tile late Baron
Spiegel. The village of St)-opke, about 1^ leagues from
Halberstadt, is celebrated for the skill witli which its

peasantry play at chess. Halberstadt was burned in

1179 by Henry the Lion, and a remarkable diet was
held there by Lotharius II. in 1134. In 1203, it was
surrounded by walls and ditches. By the treaty of Til-

sit it was annexed to the kingdom of Westphalia ; but
we believe that it has now reverted to the Prussian mo-
narchy. Breyhahn, the supposed inventor of beer, was
born in this town ; and his house, containing an inscrip-

tion in honour of him, is still shewn. The population,
which now amounts to 11,700, is composed equally of
Catholics and Calvinists. East Longitude 11" 3' 33",
North Latitude 5lo 53' 55".

HALES, Stephen. See Botany, p. 34.
HALF-NoTE, Elementary, in music, according to

several writers, has the ratio rh =572+ f-t-5m, and is

the SEMiToNE-mo;or, which see.

Half-note, Finger-key, or artificial, is of very dif-

ferent magnitudes in the different modes of tuning,
and places in the scale's of keyed instruments. The
number of f 's in our notation, of any musical interval
(by X, fand m), shews its number of these half-notes

;

as is fully explained in our article Finoer-kev In-
tervals.

Half-note, Greater, of Holden, has the ratio ^,
=572-l-f-|-5m. See Semt TON B Ma/or.
Half-NOTE, Isotonic or mean, is -r'Tth of the octave,

=:l-^V^"2,=51S-f.f4.4Am, or 5 1.0032762 -t-f+ 4m.
See Mean Semitone.

Half-note, Lesser, of Holden, has the ratio ^4,=
SCs-f f-|-3m. See Semitone MiNon.
Half-quarteh Tone, of the Diacomatic genus, ac-

HAL
Half-stops on the Organ, are those ranges of pipes

which do not go through the whole com;w-:s ofthe in-

strument, from the treble to the bass ; as ihe i oriie and
the sesqnia/tera stops, the dulcinno, basooh, &c. stops.

Half-tone of the ancients, hud the ratio 1|4,=:
462-l-f-t-4m ; which is now called the Limma. See
that article.

Half-tone of Brougham, has the ratio fi, r=

76.897955 S-ff-i-7m;itscommon log = MbUiTi ^,1976,

and it is the liemitone major of Ptolemy's iJtromaticum

intensnm.

Half-tone, Chromatic Tomcum, is iT.=2^2-^3,
= 5'JS-l-f-f 4im, = 52.00393 122 xf-I- 4m; itscimmon
log. =.9744237,3877,=.084952x VIlI,=4.74070x C,
= ^V1 II -f- :. -f- TTm- It 's the hemitone of the soft dia-

tonic, and the chromatic diesis of Hoyle.
Half-tone, mean, of Sauveur, is tVVIII,=1 -i-"^2,

=:,51.0032762-}-f-)-4m. See Mean Semitone.
Half-tone, wiw/ji, of Dr Smith, is ^Ill,=:v'2-f-«y'5,

=49i2-hf-|-4im, =:49.25I966'2-|-f-f 4m; its common
log.=.975772+,9()75,=.080482x VIII,=4.490705 xC:
it is sometimes called the mean iialf note.

HALIFAX, is a populous market town of England,
in the west riding of Yorkshire. It is situated on the

western slope of a gentle eminence, washed by a branch
of the river Calder, and is surrounded on all sides with
high hills. The town is about three quarters of a mile

long from west to east, but it is narrow dnd irregular

in its breadtli. The houses are in general neat and
well built, and the town has a singularly variegated

appearance, from the mixture of brick and stone build-

ings, and from the great number of small iiiclosures sur-

rounded with stone walls. The church, which is a

large Gothic structure, stands near the east end of the

town. It is 64 yards long, and 20 broad, and is sup-

posed to have been built in the reign of Henry I. The
tower ofthe church, which is well proportioned, is said

to be 117 feet high. Within the church are two cha-

pels, one on the north, and the other on the south side.

This cliurch having been found two small, an elegant

and spacious new church has lately been erected. The
cloth hall, or piece hall, erected for the convenience of

the manufacturers, is a large and elegant etlifice offree-

stone, in the form of an oblong square. It covers an
area of 10,000 square yards, and has 315 separate

rooms for the reception of goods. It is generally open
from 10 to 12 o'clock, and goods to the amount of

£50,000 are often exposed to sale at a time.

The parish of Halifax is one of the largest in Eng«
land. It covers a space of 150 square miles, and has

13 chapels. It contains no fewer than 26 villages,

whose united population, according to the census of

1811, is 73,515. The chief manufactures carried on
in the parish, are those of shalloons unpressed, and dyed
of a scarlet celour, which are sent to Turkey and the

Levant ; tammies, duroys, calamancoes, everlastings,

russets, figured and flowered armiues, says, moreens,

and shags, kerseys, half thicks, serges, houlies, baize,

. broad and narrow cloths, coatings, and carpets. Se-

veral cotton manufactories have also been erected

here The trade of this town is greatly facilitated by
a navigation from Sowerby bridge, in the neiglibour-

hood of the town, along the Calder, to Hull, and will

receive additional advantages from the Rochdale canal,

which will connect the Calder at Sowerby bridge with

the Bridgewater canal at Manchester. Excellent wool
cording to Feytou, is | T, = 13 2 .{. if -^. i|m, = cards are also manufactured here. Great quantities of
1 3.0383982 -}-m, its common log. being .9936059,3469. the freestone found in the neighbourhood are sent t«
Mr Hoyle and others call this interval a comma. London.
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Gough, in his Additions to Camtlen, informs us, "that contains three Lutheran churche«, and alto plaoeJ of

the inhabitants withni Unrdwicke forest claimed a worshipfor tlieCalvinistsand theUomanCniholiivand a
'

right or custom from time immemorial, that if a felon synagogue for the Jew* The principal wiifiiesand
betaken with goods to the amount of 13;d. stolen cUriositiesof the town arc, tlie cathedral ; the red tower,
within their liberty, after being carried before the which rises -2fi8 Ilhenish feet ; ahe church of St IJIrice.

lords bailitr, and tried by four frith-burghers, from four where there is a fine monument crecte<l to the celcbrntt-d

towns within the said precinct, he was, on condemna- Bulle d'Or of the Emperor Frederick FI. ; the <)q)han«
tion, to be executed on the next market-day, after physician Hoffman; the hotel deville, which conUiins the
having been set in the stocks first ; and after his execu- liospiul ; the amphitheatre of anatomy, situated in the
tion, a coroner was to take the verdict of a iuiy, and place d"Armes ; the public library ; the ruins of the
sometimes of those who condemned him." The instru- chateau of Giebichenstein, from one of the windows of
ment used in these executions was one exactly the same which the Landgrave of Thuringia threw himself, and
as the modern guillotine, which was freely used against received the title of the Leaper ; and the ruins of the
the robber oftenter grounds : (See Guillotine.) The chateau of Moritzbourg. The orphans hospiul was built
last execution under the " Halifax gibbet law," as it has in 16'98 by Professor Franke, and contains a collection

been called, took place in 16'50. The bailiff was after- of artificial and natural curiosities, and a library. The
wards threatened with prosecution, if he should repeat university of Halle, formed out of a military academy,
them. According to the census of 1811, the town- was established in 1699. It has a goo<l library, and a
ship of Halifax contains cabinet of natural history. In the year 1 802, it had

, , , . ,, oi/ri 6;J4 students. This town owes its celebrity to the fine
Jnhabiteil iwuses 2151

^^^ springs in its neighbourhood. There are four of
Number ot families

. . . . 2313 these which are very productive, lying on the Saale,
Do. employed m agriculture . . . 8 -^ ^,,^ ,„^.^^ ^^. f,,» ^.^„J ^^e Vale of Saale.
Do. m trade and manufactures . . 2261 rri w • c i .__ * „.i .•^u e — tn .

», , Ii^i iliese salt springs turnish water, ol which trom 10 to

P ,
*'^^ SOouncesyield from 3 to 3| ounces of salt. They give

•'^"'^^^ ^""" work to 1 1 1 boiling houses. Each of these produce*
_ , , . annually about 1200. The possessors of these springs
Total population 9159 „^g ^^jigj pf^enner, and the workmen Hallores. They

See Beauties of England and Wales, vol. xvi. p. T-ia. are the descendants of the ancient Wends, and still re-

HALIFAX is the principal town of the county of the tain their dress and manners,

same name in Nova Scotia, one of the British possessions Canstein's printing-office for the Bible is a very large

in North America. It is situated on the Bay of Che- establishment. In i 800, the number of copies printed

bucto, which is very spacious, and is able to contain, amounted to 1,793,534- Bibles, exclusive of 877,1'99 co-

in perfect security, 1000 of the largest vessels. The pies of the New Testament, 1600 Psalms, and 52,500
town, which is about two miles long, and one-fourth copies of Jesus Sirach. The other articles of manufac-

of a mile broad, is situated on the west side of the har- ture are worsted and silk stockings, starch, flannels,

bour, on the declivity of a commanding eminence, ele- buttons, linen, tobacco pipes, china ware, ribbons, and
vated 236 teet above the level of the sea. In conse- red and yellow Turkey leather. Population 20,000,

quence of the streets intersecting each other at right including 1193 Halleres, or manufacturers of salt. East

angles, the houses are arranged into oblong squares. Long. 11° 58' 2", North Lat. 51° 29' 5".

The Royal Naval Yard, supplied with military stores HALLE R, Albert de, a physician and professor of

of all kinds, stands at the north end of the town. The the last century', celebrated for the excellence and vo-

accessible nature of the harbour, and its proximity to luminousness of his writings. He was born at Berne,

the principal interior settlements of the province, ren- in Switzerland, on the 18th of October 1708. His fa-

der it the fittest place in British America for a seat of ther was Emmanuel Haller, advocate, and chancellor

government. Halifax is entrenched with forts of tim- of the county of Baden. His early education was com-

ber The country around the town is rocky, and the mitted to one Abraham Baillodz, a fanatical and se-

soil unfit for cultivation. The imports of Great Britain vere preceptor, not well qualified for training with ad-

alone, into the single port of Halifax, amounted, in vantage a mind of Haller's scnsibilitj-. Yet he very

1810, to £600,000. In 1790 and 1791, the whale early discovered an unparalleled assiduity in the pur-

fishery from the port of Halifax employed 28 sail of suit of knowledge. At five years of age, having already

ships and brigs from 60 to 200 tons burthen. The learned to write, he arranged for himself, in alphabeti-

principal exports from Halifax, are the fish caught upon eal order, all the words that were taught him In a

its coasts, great quantities of which are sent to the little after, he compiled dictionaries in the Hebrew,

West India islands. The amount of tonnage employed Chaldee, and Greek languages, to which he often had

in the trade to and from the West India islands, and en- recourse in his advanced yeais. At the age of ten, he

tered at the custom-house of Hahfax, was, in 1792, composed German and Latin verses, the merit of which

64-«9| tons outwards, and 6571^ tons inwards. Roads astonished his teachers. He ridiculed, in a Latin sati-

aie opened from Halifax to all the settlements in the rical poem, the pedantry of his private tutor, from

province. Population, 1000 houses, and 8000 inha- whose severity he had suffered. At the age of twelve,

bitants. Some accounts state the population so high as he extracted from the dictionaries of Moreri and Bayle,

15,000 or 16,000. West Long. 63° 35' 45", North 2000 articles of biography of the most celebrated men.

Lat. 44° 44'. See Morse's GVo^'r«/%; Raynal's //w- When he was thirteen he lost his father, whose death

tory of the East and West Indies ; Gray's Letters from left him in a great measure destitute of the resources

Canada ; and Nova Scotia. of fortune. Being intended for the church, he finished

HALIOTIS. See Conchology, vol. vii. p. 66. his studies at the public school. On one occasion, ha-

HALLE, is a town of Prussia, in the duchy of Mag- ving got a jjassage to translate into Latin, he attracted

deburg. It is situated on an agreeable plain on the ri- the admiration of the professors, by giving a translaUon

ver Saale. This town is divided into four quarters, and of it into excellent Greek, Having finished his literary

HOm.^
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H«ner. studies at the age of fourteen, he was led, by his ardour

"'V"'"^ for learning, to pay a visit to Dr Newhams, an able

physician at Bienne, whose son was one of his school

companions. This gentleman gave him some instruc-

tions in the Cartesian system of natural philosophy.

That pursuit, however, did not engross his whole atten-

tion. He continued to cultivate polite literature, and

to exercise his talent in composing verses. The house

in which he lived at Bienne having caught fire, he had

only time to save his poems before it was burnt down.

These poems he revised in less than twelve months af-

ter ; and, reflecting on the satirical strain in which they

were written, he committed them to the flames, with

the exception of a few, which were left to attest his

poetical talent, without reproaching the goodness of his

heart.

After indicating talents which qualified him for mak-
ing a conspicuous figure in any pursuit, he embraced

the medical profession. Towards the end of the year

1723, he began his professional studies at Tubingen,

under Camerarius and Duvemois, at that time celebra-

ted teachers of anatomy and medicine. While at Tu-
bingen, he occasionally joined in the convivial parties

of his fellow-students ; but was on one occasion so

powerfully shocked by the abandonment of reason ex-

hibited in these indulgences, that he formed a resolu-

tion, which he kept for the remainder of his life, to

leave off entirely the use of wine. As Boerhaave's In-

stitutions were used as a medical text-book at Tubingen,
Haller had an opportunity of appreciating the genius

of this author, which induced him to repair to Leyden
to profit by his lectures. These two great men having
met in this manner, imme<liately perceived each other's

merits. Boerhaave was then teacher of medicine and
botany, and Albinus demonstrator of anatomy at that

celebrated school. Both of these professors treated

him with great distinction, and excited in his mind
a powerful emulation. The superb museum of Ruysch,
at Amsterdam, which he often visited, contributed at

this time to animate and guide his studies. At the age
of ],9, he took the degree of Doctor of Medicine at

Leyden. The subject of his thesis was one which he
had discussed with Duvemois at Tubingen, the refu-

tation of a position advanced by Professor Coschwitz,
of Halle, that there were two salivary ducts in the pos-
terior part of the tongue, which this author claimed as

his discovery. Haller shewed tliat these supposed ducts
were two veins. His works contain the plates by which
this point was elucidated.

In 1727, he visited England, where he became in-
timatelyacquainted with Sir Hans Sloane, the President
of the Royal Society, and Douglas and Cheselden, two
of its distinguished members. He also spent some time at
Oxford. He went next to France, where he formed
an; acquaintance with Geoffrey, Antoine and Bernard
de Jussieu, Petit, and Ledran, and attended the lec-
tures of the celebrated Winslow. A person who lived
in an adjoining house having found him engaged in
private dissection, denounced him to the minister of
police, in consequence of which he was obliged to re-
main for some time in concealment. Dissections must
have been conducted in that city with much greater
difliadty than they are now. Paris lias furnished for
some time the amplest field in the world for this mode
of pursuing professional knowledge: and, however
much some may affect to connect tliis fact with the
careless licentiousness of the French nation, it exhi-
bits a bright contrast to the feelings so prevalent in our
own country relative to the r^maius of the deceased.

Like all the prejudices of savage ignorance, these feel-

ings appear to the persons who cherish them sacred and
refined, though they senselessly oppose an obstinate

barrier to the dissemination of the most important

knowledge.
Haller next went to Basle, where he applied himself

to the study of geometry under the celebrated Ber-

noulli, and for a short time he filled, with great credit,

the anatomical chair during a temporary illness of Pro-

fessor Mieg. He returned to Berne in 1729, to prac-

tise as a physician. Those who were previously esta-

blished there, detracted from his professional character,

by representing him as blindly attached to delusive

theories, and had even the address to prevent him from
obtaining the appointment of physician to an hospital,

for which, in 1734', he was a candidate. Two years

after, however, he succeeded in that object, and dis-

charged the duties of the office with great credit.

The celebrity of his talents for anatomy induced the
republic of Berne to form an anatomical theatre, and
appoint him their professor. About this time he culti-

vated various elegant studies. He pronounced an ora-

tion before a public literary assembly, in which he as-

serted the general superiority of the ancients to the mo-
derns. He published a collection of German odes and
poetical epistles, which evinced the refined taste and
delicate sensibility of the author, were admired in every
part of Europe, and soon translated into various lan-

guages. The piece which gave greatest satisfaction was
one devoted to a descriptive account of the Alps, and
the manners of their inhabitants. Possessing, among
his other accomplishments, an extensive acquaintance

with biography and civil history, he received the charge
of the pubUc library at Berne. He drew up a catalogue

raisonnee of the books, and arranged, in luminous
order, a collection of more than 5000 medals belong-
ing to it.

In 1736, he was invited, by the regency of Ha-
nover, to fill the . chair of anatomy, surgery, and bo-
tany, in the University of Gottingen, now for the first

time instituted. He embraced this opportunity of de-
voting himself with more decided advantages to the

improvement of science. He celebrated, in an ode,

the inauguration of that university, and gave a compe-
tent share of praise to George II. King of Britain, for

the zeal with which he promoted science in every part

of his dominions. These included theAmerican colonies,

which were then illuminated by the genius of Franklin.

At his entrance on his official duties at Gottingen, Haller

was subjected to domestic discouragements of a trying

nature. The carriage in which his wife and three chil-

dren travelled from their native country to this new
situation, was overset on the road, and his wife re-

ceived an injury, of which she died soon after ar-

riving at the end of her journey. He applied him-
self, however, with great seal, to his academical du-
ties, encouraged by the increasing esteem of his col-

leagues, and by the assistance of his countryman Hu-
ber. He published, in 1739, his lectures on Boer-

haave's Institutions, on which he had annually comment-
ed to his pupils. In this work, we find some germs of

those more extended undertakings in physiology, which
laid the foundation for so great a share of his future

fame.

Having, among his other pursuits, cultivated that of
botany, he published, in 1742, his Enumeratiu Slirpium

Helvelicarum, in two folio volumes, which were embel-
lished with numerous elegant engravings. The ar-

rajigement of this work rather presents us with a
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view of the gtwlitiong which take place in the exter-
nal charai:ttT.s of plants, than a dlBtribution fitted for

Eerrnanent reference. Differences of opinion have even
een entertained on the number of classes which Hol-

ler admitted, some reckonin/f them 13, others 15. In
the following yeiir, he published a systematic .iccount

of tlie plants in the botanic garden of Gottingen, which
was republished nine years nfler in a more complete
state, and contained a description of some new species.

In 1 749, he published, in one work, a collection of in-

sulated remarks in botany, \^ Inch he entitled Ojmscula
Boianica. Hidler's great merit consisted in the versa-
tility of his genius, which enabled him to pass rapidly
from one subject to another, excelling equally in all.

From the year 17-13 to 1 753, he published annually a
fasciculus of anatomical plates of the most remarkable
dissections which occurred in the course of his labours.

These were admired for the minute explanations and
learned notes which accompanied them.

In ll'iS, he publishetl an ingenious argumentative
discourse, De FceliOus Monstruosis, in which he main-
tained that the original germs were in such instances

defective, in opposition to the opinion that monstrosity
•was the effect of a derangement iu tlie evolution of a
germ originally perfect.

In 17^6', he announced his experiments on respira-

tion, in which he esUiblished the identity of office of
the two layers of intercostal muscles, and the whole of
the doctrines regarding the mechanical part of that func-

tion which have ever since been maintained, in opposi-
tion to the vague and erroneous notions wliich previ-

ously prevailed.

Ilaller, like most other eminent men of the medical
profession, was engaged in some warm disputes. Dr
Hamberger, Van Swieten, De Haen, Albinus, and La-
mettrie, were his antagonists. In these however, he
generally displajed moderation. In the second edition

of his Essay an Respiration, instead of accumulating re-

joinders, and exposing afresh the weakness of the ar-

guments of Hamberger, he suppressed every harsh ex-
pression which the first edition contained. He had some
physiological discussions with Dr Whytt of Edinburgh,
Lamure, I^ecat, and Lorry, in the co\irse of which can-
dour and mutual respect were on all sides observed.

The subject on which he displayed greatest origina-

lity was irritability, which he considered as a property
of animated bmlies distinct from sensibility, and resi-

ding in different organs. On this subject, Dr VVhytt
of lidinburgh maintained with him a learned and in-

structive controversy. The latter undoubtedly had the
superiority in argument, without prejudice to the ge-
nius which Haller displayed in the developement of liis

theory, and the command of temper with which he con-
ducted the controversy.

In 1 li9, he published his Prima lineas P/ii/siologiw.

This work maintained the pre-eminence as a text book
in this department, long after a multitude of improve-
ments had been made in the science. In the comjiosi-

tion of it he did not indulge in theory, but exhibited

facts with a rigorous exactness. He published new
editions of various works in medicine, as well as in na-

tural science. It is in the prefaces to these works and
to his own that he communicates knowledge in the

most striking and engaging manner. They arc collected

in one volume, entitled German Opuscula.
Betwixt tlie years 1747 and 1756, he was employed

in publishing a collection of dissertations, composed by
various authors, on anatomy in eight volumes, on siur-

gery in five, and on the practice ofmedicine in seven.

607
Resides the works now mmtioned, rinn«?r publinhcd

various (ihysiological di'"""-' '"'""^ !...(.. ;.. ''icyears 1736 '

and 17.0.'}, which were 1 • nt to confer
on him a high degree ol v^.v. .,l^. .i„„,ug these, wm
one on the circulation by which tlic substance (rf" the
heart is supplied with bloo<l for its own nutrition ; one
on the form of the Eustachian valve at different periods
of life ; and one on the virmhrana drcidtin of the fcctus.

At Gottingen, he exerted himself in the formation of
various useful institutions ; such as the College of .Sur-

geons, the Gottingen Sf>ciety, a lying-in hospital sub-
servient to the obstetrical branch of education, an ana-
tomicnl museum, and a scmin.try for instructing artists

in painting objects of anatomy, botany, and natural
history.

These exertions procured for M. de Haller a high de-
gree of honourable fame. He was elected member of
almoKt all the academies of Europe. It deserves to be
mentioned, that the Academy of Upsal had the honour
of Liking the lead. A learned society, which shews no
tendency to precipitate admiration, deserves great cre-
dit when it early distinguishes the buds of a just cele-

brity, and by ;its notice cherishes exertions wliich might
otherwise in some measure languish. When on a visit

to Berne, he was elected a member of the sovereign
council of that republic.

George II. took a lively interest in the splendid suc-
cess of Haller. In 1 739, he appointed him his first

physician as elector of Hanover ; he gave him the title

of aulic counsellor; and in 1749, procured for him let-

ters of nobility from the Emperor of Germany, creating
him baron. Haller always, however, declined the title.

More than one seminary of learning aspired to tl>e

honour of numbering him among their teachers. DiU
lenius, professor of botany at Oxford, having before
his death, which happened in 1 747, expressed a desire

that he should be cnosen his successor, an invitation

was given him to fill that vacancy. The following year
he was invited to succeed Albinus at Utrecht as chan-
cellor to the university ; and soon after, the King of
Prussia offered him an eligible establishment at Ilcrlin,

with the presidentship of the Academy. But Haller
did not so far indulge a roving ambition, as to accept of
any of these honourable appointments. He thus testi-

fied a grateful attachment to that university, the founder
of which was the earliest to give him the honours best

suited to gratify his wishes, and to afford scope for the
full exercise of his great talents. He determined not
to leave Gottingen for any place except his native coun-
try.

In 1753, finding his strength unequal to the labours

of his situation, conjoined with the execution of the

plans of writing which he meditated, he resolved tore-

turn to Berne, to pass the remainder of his life. The
seventeen years which he had spent atGottingen, though
brilliant in the eyes of Europe, and attendetl with much
gratification to his own mind, were also marked with

traces of affecting domestic vicissitudes. Two years a£m

ter he had lost his wife in the planner alrcaily rehited,

he married a second, who died a few months after

marriage. He then married a third, who was his com-
panion for the rest of his days. For thus consoling him-
self twice, after the death of the individual bound to

him by the closest ties, he was subjected, as usually

happens, to the censure of weak and vain persons, who
affect a character for sensibility, because their taste

leads them to admire consistency in unhapjiiness iu an

object to which, with the eyes of critical jiuiateurs, they

occasionally turn their attention, and who demand for

H«lw,
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Ualler. the gratification of that preposterous selfishness, that the

•""Y""^ most worthy characters should be involved in perma-
nent bitterness, bereft at once of self-command and
consolation. Haller was not chargeable with tliat harsh

apathy of which the ancient Stoics are sometimes ac-

cused. He allowed the tides of sensibilit)' on proper

occasions to overflow ; but, with the most rational of that

sect, he set bounds to this indulgence ; considering

protracted tears as equally unbecoming with inordinate

laughter. In an elegant poem entitled Doris, he ex-

pressed the tenderest attachment to his first wife, and
his sincere grief after her decease. In another monody
within three years, he celebrated his second ; and with

the third, he spent many years in the enjoyment of the

most respectable state of domestic happiness.

On his return to Berne, he was received by his coun-
trymen with genuine affection and delight. He had the

fortune to obtain the honourable situation of governor
of the town-house, which was awarded by lot.

In a year after his return, he published his Opuscida
Pathologica, a work containing some curious facts in

morbid anatomy. It contained also a description of a
singular epidemic which had appeared in Switzerland,

a sort of bilious pleurisy, in which venesection was un-
favourable. He made experiments on the medical
power of electricity in deafness, a subject which then
excited much attention in Europe, and he pronounced it

wholly ineffectual. He sometimes made botanical ex-

cursions, sometimes dissected animals, and published
ingenious accounts of such physiological results as he ob-
tained; for example, the growth of the bones, the struc-

tur« of the brain and eyes of fishes, the anatomy of the
chick in ovo, and the general subject of generation.
One of liis conclusions on this last subject was, that the
female has by far the greatest share in the production
of the foetus.

The most complete work of Haller, and that which
will always be most perused, was his great System of
Physiology in eight quarto volumes, which he began
in 1757 and finished in 1766. This work contains a
complete account of all the facts then known on this
extensive subject, minute anatomical descriptions of
the structure of the organs, and a detail of the systematic
opinions of former authors. By this work he for ever

, rescued physiology from the degradation of being the
sport of vain hypothesis : he divested it of the spuri-
ous riches with whicli fancy had decorated it, and in
their stead exhibited a collection of facts, which was at
once solid and extensive, and led the way for the ac-
cumulation of further results of observation and ex-
periment, from which just theories might gradually
arisa

In 1772, 1773, and 1774, he amused himself by pub-
hshmg m the form of three romances, his thoughts on
the degrees of happiness to be enjoyed under dif-
ferent forms of political government. In the first, en-
titled C7.?f;H^, he delineated the happiness arising from
the administration of a virtuous and judicious despotic
monarch, who encourages justice and morality. In
the second, Alfred, he represented that of a limited
monarchy, in which the nobles and people preserve
their right to a share in the management of the pub-
lic mterests; and the king, while he regulates the
State, pays respect to estabUshed forms, consults syste-
matically the public voice, and exerts himself to main-
tarn that constitution by which his own power is at
once prevented from becoming lawless, and assistedm the dispensation of national benefits. In tlie third
entiUed Fabius and Cato, he describetl a well-regulated

aristocracy. Where it is dangerous to insist on the desi-

rableness of a complete change of government, it is wise

to endeavour to stimulate to virtue those in whose
power the destinies of the human race are placed. At
the same time it is a beneficial exercise of a pliilosophi-

cal talent to speculate on the most eligible forms for

those communities which have as yet no established

government, or for those eras of revolution in which

the persons qualified to judge of wliat is best, and
possessed of power by their union to adopt it, are per-

fectly disposed to embrace such institutions as would
contribute most effectually to the perpetual welfare of

society. On this speculation Haller did not enter fai--

ther than by shewing himself partial to an aristocracy

like that of his native country : nor did he so far com-
plete his plan, as to paint the advantages of the best

state of a democracy.
Haller drew up several articles for the French Ency-

clopedie: and he long guarded the interests of general

literature, by writing in the German review at Gottin-

gen. The articles of which he was the author in thai;

work amounted to 1500.

His last works were his Bibliolheca Bntanices, Ana-
lomicce, ChirurgicB et Medicince Practicw. In this ex-

tensive and well digested list of authors, he points out

in the amplest manner, and with a luminous arrange-

ment, the sources from which he derived his know-
ledge, and from which it might be obtained by others.

It is written in the order of time, in subdivisions cor-

responding to the different epoclis and schools of syste-

matic opinion, and to each subdivision a short descrip-

tive sketch of the period or sect in these sciences ia

prefixed. It thus exhibits an interesting history of the

advances of science, accompanied by a full enumeration

of the literary monuments which serve for the records

of knowledge and opinion. His Bibliotheca Medicinm

was not completed. He had it also in view to form a

similar work on Natural I'hilosophy.

The republic sometimes confeiTcd on him temporary

offices, which his philosophical talents enabled him to

fulfil with distinguished advantage ; and he was always

ready to employ these talents for the public good.

While he was governor of the canton of L'Aigle, he

essentially benefitetl the resources of the state, by im-

proving the manufacture of salt. He exerted himself

for the establishment of a house for the maintenance

and education of orphans and the children of decayed

citizens, and also a school for the education of the chil-

dren of the more opulent classes, in which the acquisi-

tion ofuseful knowledge was preferred to the objects of

a scholastic discipline. By his influence, the situation

of the clergy of the Pais de Vaud, which had been

wretched and degrading, was rendered comfortable and

respectable.

The University of Gottingen, and its patron the

King of Britain, solicited him to return to that place,

offering him the chancellorship on the death of Mosheim.

The King of Prussia offered to make him chancellor of

the University of Halle, and the Empress of Russia

made tempting proposals to induce him to go to Peters-

burg. But he preferred remaining in the bosom of

his native country, which at this time testified its re-

spect for his character, and its desire of retaining liim,

by voting to him a competent annual salary. In 1776,

he received the order of the Polar Star from the King
of Sweden.
The Emperor of Germany, in the course of his last

travels, visited Haller, and found him labouring under

au accumulation of infirmities which he evidently

Hall.;
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crtuld not long support. On his return to Vienna, he

sent him some bottles of wine of uncommon t-xcellence,

witli a quantity of the best bark ; but HuUer, before he

h;ul it in his power to set the due value on this simple

tribute of private friendship from that monarch, had

paid the debt of nature. The emperor received tlie

news of his death with unfeigned grief; and afterwards,

in order to secure an honourable relict, and a useful

memorial of the studies of this great man, he purchased

liis library, and had it conveyed to Milan.

His disease was a form of retrocedent gout, affecting

the region of the bladder, and was accompanied with

so much inconvenience that lie was obliged to confine

himself at home. He published among the memoirs

of the Society of Gottingen, an account of its progress,

and of his personal experience of the effects of opium
and other remedies. In the midst of this distressing

illness, he published a second edition of his great work
on physiology.

M. Ilossclet, his physician, told him at his own de-

sire, his opinion of the exact time at which he was
likely to die. In his last moments he was perfectly

collected, and, with his hand on his pulse, coolly re-

marked to M. Rosselet tliat it had now ceased to beat.

He had eleven children, eight of whom he lived to

see established, 20 grandchildren, and before his death

two great-grandchildren. His eldest son, Gottlieb

Emanuel, was afterwards an eminent citizen of Berne,

and distinguished for his historical learning.

Haller was of the Protestant religion, and sincerelj'

.tttachcd to his religious principles. La Mcttrie, in

dedicating to him a work in support of materialism,

created in him the utmost horror and distress, by affect-

ing to represent his discoveries as the most valuable

proofs of this doctrine. His mode of life was rigidly

?ober. His only beverage was water, and he delighted

to represent the unfitness of the climate of Berne for

the culture of the grape, as a signal advantage confer-

red by nature on his country.

Haller was exceeded by none of his contemporaries

in the extent of his general information. He was well

acquainted with most of the languages of Europe, and
corresponded with the utmost facility with the literati

of France, England, Italy, Holland, Denmark, and
Sweden, in their respective native languages.

A more industrious literary life than that of Haller

cannot be imagined. Every moment of his time was
occupied. The reading of new books, and the com-
position of the lighter species of memoirs, and articles

for reviews, were his only pastimes. During a long

state of delicate health his bed was in his library, where
he sometimes spent months without ever going out.

There he eat his meals, and with the society of his fa-

mily and his books, he concentrated within this narrow

space all that he held most dear on earth. He com-
municated to those around him a taste for scientific

pursuits- His house was a sort of sanctuary of the

sciences. He was assisted by his pupils, who had the

range of his library and his theatre. His wife ac-

quired the art of drawing and painting for the purpose

of rendering herself useful to him. His children,

friends, and fellow citizens, all regarded it as their du-

ty to contribute to his labours. His uncommon sensi-

bility subjected him to quick alternations of pain and

pleasure : He rarely joined in general social parties.

When he did, he often rendered himself extremely

agreeable ; his conversation, however, was always that

of a man of learning ; even on trifling subjects, he dis«
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niayed profound sense, and a •P'^'* "^ applioition.
He was alM>ve the ortlinarv size,

—

hi<t eyes were litehr,—and his countenance noble and expressive.
*

He was probably the most voluminous wrrtrr after

Galen. His Latin »tyle i» sometimes drj-, c<>ini)!ic.-il>-<l.

and not readily under-itoml by persons uii 1

to it: but the profundity of views, the well . 1

strain of reflection, and the great erudition with which
his works are replete, never fail to reward the reader.
Various as the subjects were which occupietl his pen,
he shews a consistency of doctrine, and a unity of
views and of mcthoti, which characterise solidity of
judgment, and announce a commaiidinn genius. Hid
works on medical science will long continue to be read
with profit, when the labours of many others, which
have attracted the notice of the day, are reduced, by
the cool decision of posterity, to their just rank,—that of
being regarded as the errors of exuberant fancy, impo-
sing on the age in which they appeared, by laying pre-
mature and peremptory claim to the cre<lit of regular

scientific systems. See Vicq d'Azyr's ^/"g'ej; Henry's
Life ofHaller ; and Haller's Bibliollieca Anatomicr. (h. d.)

HALLEY, Edmund, a celebrated astronomer and na-
tural philosopher, was bom at Haggerston, in the parish

of St Leonards, Shoreditch, London, on the 8th Novem-
ber 1()56. His father, who was an opulent citizen and
soapboiler, sent, him to St Paul's school, where, under
the care of the learned Dr Gale, he made rapid ad-

vances in his classical studies, and acquired such a

taste for elementary astronomy, that he amused him-
self in making dials, and observed the change in the
variation of the needle at London in the year 1672,
the year before he lef\ school. From this seminary,
which he lefl in l673, he went to Queen's College,'

Oxford, where he was entered s gentleman commoner,
and where, with the aid of a good collection of instru-

ments which his father had purchased for him, he tie-

voted himself almost exclusively to the study of mathe-
matics and astronomy. In the year 16?'), he publishcdhis

first paper in the Philosophical Transactions, entitled,

" A Direct and Geometrical Method of investigating the

Aphelia, the Eccentricities, and the Proportions of the

Orbits o/ihePrimari/ Planets, Kithout supposing the enttn-

lity ofthe Angle of Motion at the otherfocus of the Pla-

net's Ellipsis ;" and he continued to employ nimself in

astronomical observations. Although he had long en-

tertained a plan of forming a complete catalogue of the

fixed stars, yet he abandoned this scheme upon hearing

that Flamstead and Hevelius were occupied in the same
pursuit. He resolved, however, to form a catalogue of

the stars of the southern hembphere ; and, by the in-

fluence of Joseph Williamson, Secretary of State, and
Sir Jonas Moore, Surveyor of the Ordnance, Charles

II. was prevailed upon to send Hallcy to St Helena,

in order to accomplish this desirable object. He arriv-

ed on the island in February 1677, after a voyage

of three months ; and though he was much interrupt-

ed by the frequent fogs which hover over it, yet, by the

most unremitting industry, heat last executed his plan,

which he published in 1 6*79, under the title of Cata-

logus SteUarum Australiiim. This work was presented,

on his return from St Helena, in November 1678, to

Charles !I. who gave him a mandamus to the Univer-

sity of Oxford for the degi-ec of A.M. Halley had re-

warded the kindness of nis patron by forming a new
constellation under the name of Rol/ur Carolinum. Du-

ring his stay at St Helena, he had the good fortune to

observe the transit of Mercury over the nun's disc.

4 II
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Halley. In the year 167S, Halley was electetl a Fellow of the
'—-y—^ Royal Society of London ; and, in consequence of the

dispute between Hevelius and Hooke respecting the use

of telescopic sights, he went to Dantzic in 1679 for the

purpose of settling the controversy, by examining the

method of observation employed by the Polish astrono-

mer. He remained at Dantzic from tlie 26th of May
till the 18th July, and returned to England deeply im-

pressed with a conviction of the wonderful perfection

of Hevelius's instruments, and of the great accuracy of

his observations.

In the year l680, Halley set out for Paris, accompa-

nied by his friend Mr Nelson, with the view of per-

forming the grand tour of Europe. In crossing the

English channel, he obtained a view of the great comet

upon its return from the sun ; and having been fortu-

nate enough to observe its descent towards that lu-

minary, he was able to complete his observations at the

Iloyal Observatory of Paris, wliich was then under

the direction of Dominique Cassini. From Paris he

went to Italy, where he spent the greater part of the

year 1681 ; but his private affairs obliged him to return

to England about the end of the yeai-.

Soon after his arrival in London, Halley married the

daughter of Mr Tooke, auditor of the Exchequer, and

took up his residence at Islington, where he put up
his astronomical apparatus, and pursued with ardour

his favourite study. With this amiable woman Halley

lived 55 years, but was not blessed with any family.

In the Philosophical Transactions for 1683, he pub-

lished his Theory of the Variation of the Magnetical

Compass—a paper of singular merit, in which he endea-

vours to shew, that the " whole globe of the earth is

one great magnet, having four magnetical poles or

points of attraction, near each pole of the equator two;
and that, in those parts of the world which lie near

adjacent to any of these magnetic poles, the needle is

governed thereby, the nearest pole being always pre-

dominant over the more remote."

Our author's studies were now somewhat interrupted

by domestic misfortunes. His father had suffered

greatly from the fire in London ; and having impru-
dently entered into a second marriage, he was reduced
comparatively to a state ofpoverty. His son, however,
speedily resumed his usual occupations ; and, in the year

1684, his attention was directed to the subject of Kepler's
sesquialterate proportion, from which he concluded
that the centripetal force must be inversely as the square
of the distance. He found himself unable, however,
to establish this by geometrical principles ; and having
applied in vain for assistance to Dr Hooke and Sir

Christopher Wren, he at last made a visit to Cambridge,
in order to consult Mr Newton. This illustrious mathe-
matician communicated to Halley 12 theorems which he
had written upon the subject, containing his theory of
gravitation. Halley was so delighted with the deve-
lopement of this great discovery, that he prevailed up-
on Newton to complete his Priacipia, which was ac-
tually published in 1686, under the immediate care of
Dr Halley, who prefixed to it a discourse of his own,
and complimented Newton in an elegant copy of La-
tin verses.

In the year 1685 Halley had been appointed clerk
to the Royal Society, and was the principal person em-
ployed in the publication of its Transactions.

In 1686, he published a paper, entitled. An Historic
tal Account of ihe Trade Winds and Monsoons obser-
vable in the Seas between and near the Tropics, with an
gttenipt to assign their physical cause; and iii 1687,

appeared his Estimate of the Quanti.'y of Vapour rained

out of t/ic Sea III the loarmth of the Sun, which gave
so much satisfaction to the Roysil Society, that they re-

quested him to pursue the subject. lie accordingly

published in lG91, his paper On ihe Circulation cf the

Watcrij Vapours of the Sen, and the Origin of Springs ;

in whicli he first pointed out that fine piovision of na-
ture, by which a constant circulation of water is kept
up between the atmosphere and the ocean. Halley
published in 1687, his paper On Ihe Nnmhers and Li-
mils of the Roots of Cubic and Biquadratic Equations.

In l688, he published a correct ephemeris for that

year; and in I69I, appeared his paper On the Time
and Place of Julius Ccesar's Descent upon Great Britain,

in which he considers it as demonstrated, that Caesar

landed in the Downs a little to the northward of Do-
ver cliffs, on the 26th of August, 55 before Christ. In
consequence of Iiaving had the good fortune to o'oserve

the transit of Mercury when he was at St Helena, Hal-
ley directed his attention particularly to this class of
phenomena; and in 1691j he published a paper On the

visible Conjunctions of the Inferior Planets nith the Sun,
in which he has calculated all the transits of Mercury
from A. D. 1605 tg 1799, and all those of Venus from
91 8 to 2001<. He was fully aware at this time of
the great advantages which astronomy would derive
from the observation of these phenomena ; and he re-

marks, that " the principal use of these conjunctions is

accurately to deteitnine the distance of the sun from
the earth, or his parallax, which astronomers have, by
several methods, attempted in vain, while the small-

ness of the angles sought do easily elude the nicest

instruments ; but in observing the ingress of Venus in-

to, and egress from, the sun, the space oftime between
the moments of the internal contacts may be obtained
to a second of time, that is, to -ry- of a second, or 4'" ofthe
observed arch,, by means of an ordinary telescope and
clock that goes accurately for 6 or S hours." Halley
had, however, been anticipated in tliis ingenious remark,

by- our countryman James Gregory. See our life of

James Gregory.
In consequence of Dr Bernard's resignation, a va-

cancy took place in the Savilian professorship of Astro-

nomy at Oxford. Dr Halley was naturally considered

as well qualified for the chair, and became one of tha

candidates. Dr David Gregory, however, was the suc-

cessful competitor ; and Halley is known" to have lost

the office solely from his adherence to the principles of

infidelity. Mr Whiston inform us, " that Bishop Stil-

lingfleet was desired to recommend him at court ; but

hearing that he was a sceptic and a banterer of religion,

the Bishop scrupled to be concerned, till his chaplain,

Bentley, should talk with him about it, which he did.

But Halley was so sincere in his infidelity, that he
would not so much as pretend to believe the Christian

religion, though he thereby was hkely to lose a profes-

sorship, which he did accordingly, and, it wa» then given

to Dr Gregory."
In 1692, Mr Halley resigned his situation as assist-

ant-secretary to the Royal Society; and in I696, when,
five different mints were established for the recoinage

of the silver specie, he was made comptroller of the of-

fice at Chester. In I692, Mr Halley published a sin-

gular paper On the Cause of the Change of the Vari-

ation of the Magnetic Needle ; with an Hypothesis ofthe

Structure of the Internal Parts of Ihe Earth. In order

to account for the change in the variation ofthe needle,

he supposes that there is an interior globe within the

earth, separated from the external spliere by a fluid me-



tt A I. L E Y. Cll
(lium ; that (hey revolve about the same diurnal nxis

nearly in •2-k hours, the outer sphere moviiip either r

little slower or C-.ster than the internal bail ; that the

mafrnetic poles botli of the external shcH and the in-

cUuietl globe, arc distant from the poles of rotation
;

and that the variation arises from the change in the re-

lative distances of the external and internal poles, in

consequence of the difference of their daily revolutions.

The whole of this paper, though market! by the inge-

nuity of its author, is characterised by an extravagance

of speculation, in which he was not accustomed to in-

dulge. He even goes so far as to say, that there may be

several internal spheres peparatcd by atmospheres, the

concave side of each sliell being made up of magneticid

matter ; and he considers it as by no means improbable,

that these different spheres may be occupied by living

beings. The concave arches,"' says he, " may, in se-

veral places, shine with such a substance as invests the

surface of the sun ; nor can we, without a boldness un-

becoming a philosopher, adventure to assert the im-

possibility of peculiar luminaries below, of which we
have no sort of idea."

Tilt the ye.ir 1698, Dr Halley continued to enrich

the Philosophical Transactions with vju-ious memoirs

on the price of annuities on lives ; on the foci of lenses ;

on the roots of equations, and on different subjects in ma-
thematics, meteorology, antiquities, astronomy, and op-

tics. He now, however, conceived the design of making
an extensive voyage to determine the variation of the

needle in different parts of the world. For this pur-

pose, King \^'illiam appointed him captain of the Pa-

ramour Pink, in which he set sail on the 20th of Oc-
tober 1698. Having sailed along the African coast, he

crossed to the coast of America, going some degrees

south of the line His crew having begun to lose their

health, and his officers to become mutinous, he pro-

ceeded to the West Indies to get them exchanged ; and

when he found this impracticable, he returned to Eng-
land, where he arrived early in July 16</9. When hi*

lieutenant had been tried and cashiered, he again set

sail on the l6th of September 1699, and after having

made observations at St Helena, the Brazils, Cape

Verd, Barl)adoes, Madeira, Canaries, the coast of Bar-

bary, he proceeded in a southerly direction till he was

stopped by the ice in the south latitude of 53°. Ha-
ving thus accomplished the object of his voyage, he re-

turned to Britain, and anchored in Long Ueach on the

7th of September 1700. From this voyage he received

the title of Captain in the Navy, and through the in-

fluence of Qiieen Caroline, he enjoyed half pay during

the remainder of his life. The results which Dr Hal-

ley obtained during this voyage were published in

1701 in his general chart, which exhibits the variation

ofthe needle in all the seas frequented by navigators.*

In 1701, Mr Halley was sent by the King to observe

the course of the tides in every part of the English

Channel, and to ascertain the geographical positions of

the principal headlands. This task was accomplished

in 1702, and the results were published in a large

chart of the English Channel.

The Emperor of Germany having resolved to form

a commotlious harbour in the Adriatic, Halley was sent

by Queen Anne to inspect the two ports on the coast of

Dalmatia. He set out on the 22d of November 1 702,

and went to Istria by the way of Holland and Germa-

ny ; but, in consequence of the opposition which the

Dutch made to the scheme, it was laid aside. The

Emperor, however, when he snw him •t Vi«in«, made
him a jiresent of a rich diamond ring from hin own fin-

'

gcr, and gave him a letter of recommendation written
in his own hand to Queen Anne. No sooner had he
retumetl to Englantl, than he was a necond time di»>

patched to (iermany on the name errand. In pA<iiiing

through Hanover, he suppril with the Electoral Prince,

afterwards King George 1. and his nirter the (juetn of
Prussia ; and after liaving been presente«l to the I''mpe-

ror on tlie evening of the day on which he arrived at

Vienna, he set out with the chief engineer for Istria,

when the fortifications of Trieste were, by his aih'ice,

repaired and enlarged.

Upon his return to Engl.ind in Novemlnir 1703, he
succeeded to the Savilian proPessorship of geometry at

Oxford, which was vacant by the death of Dr Walli»;
and the university at the same time conferred upon him
the honorary title of doctor of laws. As soon tm he set-

tied in this new situation, he began, in conjunction
with his colleague Dr Gregory, to publish the works of
the ancient geometers, in pursuance of the plan recom-
mended by Sir Henry Savillc. He translaterl from the

Arabic into Latin, Apdlonius de Srciione Ralionit

:

(See Analysis, vol. i. p. 722.) and he restored the two
books of the same author, jDe Scclwne Spalii, from the
accoimt given by Pappus. This work appeared in

1706. Dr Halley assisted also in preparing for the

press, the Conies of ApoUonius ; and he supplied the

whole of the 8th book which had been lost. 1 his work
appeared in 1710; and contained also Serenus On llic

Section ofthe Cylinder and Conr, which was printed from
the original Greek, with a Latin translation. In 1 70S,

Dr Halley published the Miscellanea Curiosn, in ,1 vol».

8vo, which contained several original articles by himself.

On the death of Sir Hans Sloane in 1713, Dr Hal-
ley was appointed secretary to tlie Royal Society. In

1716, he published his paper On the art ofliring under

water, which contains an account of his diving bell, and
of the experiments which he made with it at great

deptlis in the sea: (See Diving Bell, vol. viii. p. H,
12.) At the death of Mr Flamstead in 1719, Dr Hal-

ley was appointed astronomer royal ; and though he had
now reached the 64th year of his age, he entered upon
the duties of his new office with a degree of juvenile ar-

dour; and without the help ofan assistant, he continued

for 20 years to make celestial obser^'ations with the most

surprising and unremitting a.ssiduity. In the space of

9 years, a period of the moon's apogee, he made no fewer

than 1 5(K) observations on the moon's right ascension,

the object of which was to determine the inequali-

ties of her motion, and to furnish nuvigators with the

most correct means of finding the longitude at sea. He
gave an account of this plan in the Phil. Tians. for

17Si, in his Proposal for Jinding the Longitude at Sea

within a Degree, or 20 Leagues. In an appendix to

the second etlition of Street's Caroline Tahlts, Halley

had suggested this method of finding the longitude so

early as 1 683 and 168* ; and he now shews, from a com-

parison of the lunar tables with accurate observations,

that the longitude may always be determined to with-

in 20 leagues under the equator, and 15 leagues in

the B^ritish Chaimel.

Dr Halley was constantly employed in perfecting

his tables of the j)lanets. They were drawn up in

1725; but he was unwilling to publish them till they

were made as perfect as he could. In 1729, he was

elected a foreign member of the Academy of Sci-

RtUir-

• The original journals of Dr Halley's two Toyagw, were published by the lau Alex. Daliymple, Efij. in 177i, in » ttun qoMto toIubms
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ences at Paris. In 1737, he was seized with a paraly-

tic affection in his right hand ; but this did not prevent

liim from attending the Royal Society Club every Thurs-

day. His disorder, however, gradually increased ; and

he died on the 14th January 1742, in the 86th year of

his age. He was buried in the church-yard of Lee, near

Blackheath. Dr Halley's Tabula: Astronomicce were

published in 1749. They were for a long time the most

complete and accurate ; but they have long since been

superseded by others more correct and valuable.

There are few individuals who have been so distin-

guished as Dr Halley, both for their industry and their

genius. He was the author of no fewer than 78 papers

in the Philosophical Transactions, upon almost every

branch of natural philosophy ; and a great number of

these are remarkable for their originality, and for the

new and ingenious views which they unfold. The
name of Halley, however, is not associated in the his-

tory of science with any brilliant eifort, or any striking

discovery. His reputation was widely extended, both

as a profound philosopher and as a man of taste ; and
almost every department of physical science received

some improvement from his labours. The upright cha-

racter of Halley was strikingly displayed in his refusal

to assume the mask of religion, when it would have
conducted him to a professorship in Oxford. But while

we admire this example of sincerity and disinterested-

ness in his unbelief, we cannot but feel that a stain is

left upon his reputation, when history records that he
was a " banterer of religion." In an age when a phi-

losopher like Newton was an open defender of Christi-

anity, it was indelicate in a philosopher like Halley to

assume in public the character of an infidel.

HALO, or Corona, is a luminous circle, sometimes
containing all the prismatic colours, whicli occasionally

appears about the sun and moon, and other luminous
bodies.

In the northern regions ofthe globe, the sun and moon
frequently appear surrounded with halos, or coloured

circles, having their diameter about 44° or 92°. When
a horizontal white circle intersects these halos, parhelia

or brighter spots appear near their intersections, and al-

so portions of inverted arches of various curvatures. In
the horizontal circle, there are often anthelia or bright
spots nearly opposite to the sun.

In order to lay before our readers a pretty full ac-

count of this curious class of phenomena, we shall be-
gin with describmg the most interesting halos that have
hitherto been observed, and then give an account ofthe
theories which have been employed to explain them.
As the most minute accuracy is necessary in the de-
scription of the phenomena, we shall generally give it

in the words of the observers themselves.
On the 20th March 1 6^9, Scheiner observed at Rome

a singular halo which Huygens describes in the follow-
ing manner from the writings of Descartes and Gas-
sendi.

" A is the place ofthe observer at Rome, B the vertex
or point over his head, C the true sun, AB a vertical
plane passing through the observer's eye, the true sun
Mid the vertex B, which are all projected in the straight
line ACB. About the sun C, there appeared two con-
centric rings not complete, but diversified with colours.
The lesser and inner of them DEF, was fuller and more
perfect ; and though it was open from D to F, yet these
ends D and F were perpetually endeavouring to unite.
Sometimes they did unite and complete the ring, and
then opened again. The other exterior and fainter and
scarce discernible circle, was GKI ; it had a variety of

Hub bk-

colours, but was very inconstant. The third circle Hal«
i

KLMN was very large, and all over of a white colour,

such as are often seen with paraselenae about the moon.
This was an eccentric circle passing tlirough the middle
of the sun, at first entire, but towards the end of the
appearance it was weak and ragged, and scarce discern-

ible from M towards N. In tlie common intersection

of this circle, and of the outward iris GKI, there broke
out two parhelia N and K, not entirely perfect ; K was
somewhat weak, but N shone brighter and stronger.

The brightness in the middle of them l)oth resembled
that of the sun ; but towards their edges, they were
tinged with colours like those of the rainbow. TheT
were not perfectly round and even at their edges, but
uneven and ragged. The parhelion N was a little wa-
vering, and sent out a spiked tail NP, of a colour some-
what fiery, which had a continual reciprocation. The
parhelia at L and M, beyond the zenith B, were not so
bright as the former, but rounder and white like the
circle which they were placed in. They resembled milk
or clean silver. The parhelion M was almost quite ex-
tinct at half an hour past two o'clock, excepting that
some faint remains would revive now and then, and the
circle itself vanished in that place. The parhelion N
disappeai-ed before K did, and while M became fainter

K grew brighter, and vanished last of all." This has
been generally called the Roman Phenomenon.
On Sunday February 20th 1661, new style, Heveli

ug observed at Dantzic a very curious halo, which he served'by
thus describes in the appendix to his Mercurms in Sole Heveliugt

Visits, page 174. " A little before 11 o'clock, the sun Oantzic

being towards the south, and the sky very clear, there '" l^^'-

appeared seven suns together in several circles, some Plate
white and some coloured, and these with very long tails, cclxxxv
waving and pointing from the true sun, together with Fig- 2.

certain white arches crossing one another. 1st, The
true sun at A being about 25° high, was surround-
ed almost entirely by a circle whose diameter was 45°,

and which was coloured like the rainbow with pur-
ple, red, and yellow, its under limb being scarce 2;V°

above the horizon. 2d, On each side of the sun at B
and C, towards the west and east, there appeared two
mock suns, coloured especially towards the sun, witli

very long splendid tails of a whitish colour, and tenni-

nating in a point. 3d, A fur greater circle YXHVZ,
almost 90" degrees in diameter, encompassed the sun
and the former lesser circle GBIC, and extended itself

down to the horizon. It was very strongly coloured in

its upper part, but was somewhat duller and fainter on
each side. 4th, At the tops of these two circles at G
and H were two inverted arches, whose common cen-

tre lay in the zenith, and these were very bright and
beautifully coloured. The diameter of the lower arch

QGR was 900, anj that of the upper one THS was 45°.

In the middle of the lower arch at G, where it coincided

with the circle BGC, there appeared another mock sun ;

but its light and colours were dull and faintish. 5th,

There appeared a circle BEFDC much bigger than the

former, of an uniform whitish colour, parallel to the

horizon at the distance of 25°, and 1 30" in diameter,

which arose as it were from the collateral mock suns

B and C, and passed through three other parhelia of

an uniform whitish colour like silver : one at D, almost 1

1

90° from the true sim towards the east ; another at E,

towards the west ; and a third at F in the north, dia-

metrically opposite to the true sun, all of the same co-

lour and brightness. There passed also two other white

arches EN, DP, of the greatest circle of the sphere

through the eastern and western mock suns E, D, antj

i

^
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Ittlo. alsothrough K,the pole ofthe ecliptic. Tiiey went down
"~/~"^ to the horizon ntN and P, crossing the great white circle
''*''"'• obliquely, so as to make a white cross at each parhelion;
c-xxxvu

gjj fjj^j seven suns ap{)eared very plain at the same
time ; and if I could have seen the phenomenon sooner
from an eminence, I do not question but I should have
found two more at H and I, which would have made
nine in all ; for there remained in those places such
marks, as made this suspicion not improbable.

This most delightful and extraordinary sight lasted

from :W minutes pa.st 10 to 51 minutes past 1 1 ; though
it had not the same appearance all that while, but some-
times one and sometimes another. It appeared in the
perfection of this description at about 1 1 o'clock, and
then degenerated by degrees. The northern mock sun
at F vanishe<l first of all, togetlier with a part of its

circle ; the other parhelia with their arches lasted till

10 minutes past 1 1, then the eastern mock-sun, and af-

ter that the western vanished with both tlie crosses.

Soon after this the collateral parhelia C, D suffered se-

veral changes ; sometimes one was brighter tlian the
other in light and colours, and sometimes fainter and
darker. For at 18 minutes past 10 the eastern parhe-
lion at C vanished, while the western parhelion at 13

remained very conspicuous ; and 24 minutes past 11,

the eastern one was very bright again, and remained
so, while the western one disappeared at iO minutes
past 1 1 ; although this western one had almost always
the longer tail. For the tip of it was frequently ex-

tended for 30 degrees and sometimes 90 as far as the
parhelion E ; but the tail of the eastern one C was
scarce above 20 degrees. At 30 minutes past 11, the

gi-eat vertical circle YXHVZ was destroyed ; but the

inverted arches H and G, together with the collateral

parhelia B and C, continued to the last.

The scheme ofthis phenomenon is drawn in the same
manner as the constellations are drawn upon an artifi-

cial globe, to be received by the eye on the outside of it.

For by this means every thing is represented much
clearer and distincter. Nevertheless, the place of the

observer was nearly under the zenith within the circle

parallel to the horizon ; so that the true sun appeared

to him in the meridian, the mock sun F in the north,

and the other two at D and E on each hand. But if

you desire to have this extraordinary phenomenon re-

presented a little plainer; upon an artificial globe, whose
pole is elevated to our altitude at Dantzic, with the centre

A in the 2d degree of Pisces, where the sun then was,

and with a semi-diameter of 224 degrees, describe the

circle GBIC ; 2d, and then the circle YXHVZ with a

radius of 45 degrees; 3d, and with the same centre and
semi-diameter of 90 degrees, draw the circle NEKDP
through the two white mock suns, E, D; 4th, and with

a semi- diameter of 224, the zenith being the centre,

draw the arch THS ; 5th, and also the arch QGR, with

a radius of 90 degrees, upon the same centre ; 6th, and
lastly, the circle BEFDC, parallel to the horizon, with

a radius of 90 degrees. And the draught being finished in

this manner,will appear very beautiful and harmonious."

On the 2d January 1586, Christopher Rothman ob-

servetl at Cassel another halo, which he describes in

the following manner, in his description of a comet seen

in that year.

" The sky being very clear in the east just before sun-

rise, there appeared an upright column, exactly situa-

ted in a vertical circle. Its breadth was every where
equal to the sun's diameter ; and it looked as if some
village was on fire beyond the mountains. For it ap-

peared like a column of flame, excepting that its thick-

ness waa every where the same.

lalo obscT-

»lby
oihman at

a»iel

) 1586.

Soon after, in the lamc column, Uierti ^
of the sun, exactly resembling the true sun. There wm ""^^f^^
scarce one digit oi' this image uniler tite horizon, wlien
the true sun began to rise in the same column, which
was followed in like manner by anotlicr image. The
column, with its three suns touching one another, con-
tinued always upright, or in a vertical circle, as ap-
peared by the plummet of a quadrant.

These suns had all the same appearance, except that
the true sun in the middle was brighter than the rest.

This appearance of the a>lumn passing through three
suns, lasted almost a quarter of an hour, till they were
covered by a black cloud descending from above.

Scheiner observed in 1630, the halo represented in h»1u. ul>-

Fig. 3. which is thus described by Oassendi : " The terred by
diameter of the corona MQNE next to the sun, was Hcbetmria

about 45 degrees ; and that of the remoter corona "*••

ORP, was about 95" 20' ; they were coloured like the Platb
primary rain-bow, but the red was next the sun, and ctLXXXVll
the other colours in the usual order. The breadths of •''•g- 3-

all the arclies were equal to one another, and about a
third part less than the diameter of the sun, as repre-

sented in the scheme. Though I cannot say but the
whitiih circle OGP parallel to the horizon, was rativer

broader than the rest. The two parhelia, M, N were
lively enough ; but the other two at O and P were not
so bri>^k ; M and N had a purple redness next the sun,

and were white in the opposite parts ; (3 and P were
all over white. They all dilfcred in their durations.

For P, which shone but seldom and but faintly, vanish-

ed first of all, being covered by a collection of pretty

thick clouds. The parhelion O continue<l constant for

a great while, though it was but faint. The two late-

ral parhelia M and N were seen constantly for three

hours together : M was in a languishing state, and
died first, after several struggles ; but N continued an
hour ailer at least. Thougli I did not sec the last end
of it, yet I was sure it was the only one that accompa-
nied the true sun for a long time, having escaped thoee

clouds and vapours which extinguished the rest. How-
ever it vanished at last, upon the fall of some small

showers. This phenomenon was observed to last four

hours and a half at least ; and since it appeared in per-

fection when I first saw it, I am persuaded its whole
duration might be above five hours.

The parhelia Q, R were situate<l in a vertical plane,

passing through the eye at F, and the sun at G, in

which vertical the arches CRH, ORP either crossetl

or touchetl one another. These parhelia were some-
times brighter, sometimes fainter than the rest ; but

were not so perfect in their shape and whitish colour.

They varied their magnitudes and colours according to

the dift'erent temperature of the sun's light at G, and
tlic matter that received it at Q and R ; and therefore

their light and colours were almost always fluctua-

ting, and continuetl as it were in a )>erpetiial conflict.

I took particulfir notice that they appeareil almost the

first and the last of all the parhelia e.\cepting that

at N.

The altitude of Q above the horison in the morning
at the beginning of the observation, was 49° 40' ; that

of R wa» 76° 10' ; tljat of the true sun was 28° 3ff ;

hence the height of Q above the sun was 21" 10', and
the height of R above the sun was 47° 40'.

" There was a north wind at the beginning of these

observations, but by degrees it changed to the east, and

at last to the south ; yet it brought no very great nor

lasting rains. For near a fortnight after, the sky look-

ed always vapourish ; and every day before dinner the

sun endeavoured to create new suns, but in vain, either



614 HALO.
Halo.

Pr.ATE

rcLxxxvfi
I'ig- 3.

-Paraselenee

seen by Hc-
veliui) in

1660.

Plate
rcLXxxvii

Parhelia

*een by He-
velius in

16G0.

*ig. 5.

Paraselene

»een by He-
Telius in

tuea
*'ig. 6.

for -want of matter, or of a due disposition. For in the

vertical circle I saw plainly some sketches of parhelia

t«ir a long time. I saw also very manifest reciproca-

tions of the lateral parlielia. The iris ORP seems to

have been a portion of a single circle concentric to the

sun, but towards y. and it did not quite touch the ho-

rizon A 15; and the lengths of tlie arches () x, P i were

variable. The arches Z Q a, ,3 Q y, J £ ^, that imme-
diately surrounded the sun, seemed to the eye to com-

pose a sinjrle circumference, but it was confused, and

had unequal breadths ; nor did it constantly continue

like itself, but was perpetually fluctuating. But in

reality it consisted of the arches expressed in the scheme,

as I accurately observed for that very purpose. The
horns HRC seemed to be a portion of a smaller circle

touching the greater ORP in a contrary position in a

common knot at R. The arches cut each other in a

knot at Q, and there they formed a parhelion. The
parhelia N,M sprung out from the common intersections

M, N of the iris Jii^, and of the wliitish circle ONMP.
The nortli part of the sky was clearer than the south,

which, being overcast with slender vapours, afforded

more matter for this appearance." See Gassendi's Ope-

ra, to'm. vi. p. 401.

Hevelius observed the following paraselenae at Dant-
zic on tlie GOth March 1660. " In the beginning, at

one o'clock in the morning, the moon A was surround-

ed by an entire whitish circle BCDE, in which there

were two mock moons at B and D, one at each side of

the moon, consisting of various colours, and shooting

out very long and whitish beams by fits. That on the

left hand extended its tail towards the thigh of Serpen-
tarius, the other on the right extended its tail toward
Jupiter, as represented in the Figure. Afterwards, at

two o'clock, a larger circle surrounded the lesser, and
reacl>cd down to the horizon. The tops of both these

circles were touched by coloured arches like inverted

rainlwwfi. The inferior arch at C was a portion of a
larger circle, and the superior a portion of a lesser.

This extraordinary sight lasted near three hours ; the
outward great circle vanished first of all, then the lar-

ger inverted arch at C, and presently the lesser, and,
last of all, the inner circle BCDE disappeared. The
diameter of this inner circle, and also of the superior
arch, was 45 degrees ; that of the exterior circle, and
inferior arch, was 90 degrees."

On the 6"th April 1()60 Hevelius observed the par-
helia shewn in Fig. .5. •' At half an hour past five in
the evening, while the sun was descending towards the
horizon, he was crowned with arches of circles of va-
rious colours like the rainbow. In the corona, on op-
posite sides of the sun, there were two parhelia va-
riously coloured with pretty long and whitish tails

pointing from the sun. Ne.nr the zenith, where the
corona was a little faint and imperfect, there shone out
another inverted arch, having a third parhelion in the
middle of it, which appeared somewhat obscure. This
phenomenon lasted half an hour till sun -set, the sun
being very clear. The inverted arch, and the upper
parhelion, disappeared first; and then the parhelion on
the left hand

; but the third parhelion set with the true
Kun. The diameter of the corona round about the sun
was about 1-5 degrees, as I guessed by my eye."
On the 1 Tth December 1 ()60,Hevelius observed at Dant-

zicthe following paraselenae, which are shewn in Fig. 6.
"On tlie first day after tlie full moon," says he, "at thirty
minutes past six in the morning, themoon being i2°high,
I saw the moon in the west, with three mock moons
about her in this manner. The air being very clear at
first, 1 observed the moon surrounded with a double

Halo. \corona (ne.ir her body, as the figure seems to represent)

tinged with very bright and beautiful colours. On
each side of the moon there were two ai'ches of a large

circle, about 45 degrees in diameter, which were al?o

coloured like the rainbow, and extended down to the

horizon, in which were two mock moons with very long
white tails. That on the left hand was near Procyon
with a short tail ; the other on tlie right hand had a
longer tail. In the upper part, where these collateral

arches concurred, there was another arch inverted, and
variously coloured with a third mock moon in the mid-
dle of it, and somewhat duller than the other two.
Moreover, what was very extraordinary, there passed a
large white rectangular cross through the middle of the
moon, whose lower part reached down to the horizon;
but on each side it did not quite touch tlie corona, as
appears by the Figure. It was so very bright and
strong, that it shone distinctly and clearly till sun-rise;
but the mock moons di'sappearcd a little before."

In Mathew Paris's History, the phenomenon seen in HiJo scU
Fig. 7. is thus described : " A wonderful iight was in 1233.

seen in England A. D. 1233, April 8. in the 17th year
of the reign of Henry III. and lasted from sun-rise till I'j a~e
noon. At the same time, on the 8th of April, about cclxxxt
one o'clock, on the borders of Herefordfhire and Wor- -Fig T.

cextershire, besides the true sun, there appeared in the
sky four mock suns of a red colour ; also a certain large
circle of the colour of crystal, about two feet broad,
which encompassed all England as it were. There next
went semicircles from the side of it, in whose' intersec-

tions the four mock suns were situatetl ; the true sun
being in the east, and the air very clear. And l>ecause

this monstrous prodigy cannot be described by words,
I have represented it by a scheme that shews imme-
diately how the heavens were circled. The appearance
was painted in this manner by many people for the
wonderful novelty of it.''

Figure 8. represents a parhelion observed at Leyden Halo sc«
A. D. 165.3, Jan. 14, between one and two o'clock in ;« i-cyiien

the afternoon, in the acadeniical observatory, by Sa- '" '^'^^

muel Char. Kechelius a Hollenstein. " The circle BDC Fig. 9.

was white, and almost 35' broad ; the altitude of its

highest point D was 38° 23'. Its centre was in the
sun, whose height was 1 5° 48' ; that is, at ;i6' ]iast

one, his azimuth being 23° 40' towards the west, .ind

the angle made by his vertical circle and the ecliptic

60° 54'. The mock suns B, C were oblong and un-
equal, at the distance of 22° 35' on each side of the

sun, and had the same altitudes as the sun. The west-
ern parhelion at C was the feinter of the two, and
changed from yellow to white, and disappeared first

;

the eastern one at B was brighter, with a lucid arch

shooting from the sun, and was coloured with purple,

red, and yellow; the shape of its tail BF was conical,

27° long, the parhelion being the base of the cone;
the part BE, 13° 10' long, consisted of bright yellow,

and red light ; the other part EF being whitish, which
vanished before the parhelion did. It appeared for

half an hour, and lasted one quarter longer than C

;

and the corona disappeared a little after."

On the 13th May, 1652, Huygens observed a halo, Huloseea
which he thus describes:—" I observed a circle about by Huy-
the sun in its centre ; its diameter was about 46°, and g<Ii^ in

its breadth the same as that of a comnjon rain-bow. It "''^^•

had also the same colours, though very weak, and scarce

discernible but in a contrary order, the red being next
the sun, and the bine being very dilute and whitish.

All the space within the circle was possessed by a dul-

ler vapour than the rest of the air ; of such a texture

as to obscure the sky with a sort of a continued cloud

;
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but so thin, that the blue sky Colour 0))pearKl liiroiigh
it. The wind blew very gently from the north."
On the Sth of April, 170'i, Dr Halley observed a

halo with parhclui, auil tangent arches, ns shewn in
Fig. 9. where S is the sun, /.the zeiiitli, STI'l' a large
white circle possing through the sini, and marly pa-
rallel to the horizon. It was about 2" broad in the
northern part about T, and continued of the same
breadth in the east and w est ; but grew narrower to-
wards the sun. Its edges were not very well defined,
and the whole circle, seen on tlie pure azure sky, was
considered by Dr Halley as a very extraordinary sight.
The halo VXNY was 22° in diameter, the red rays
being nearest to the sun. The arch I'VI' had its cen-
tre nuailv at N ; and at its intersections P, P w ith the
large white circle, there were two bright jwrhclia
tinged with colours. The distance PS was .'51 4=^. An-

»

other arch appeared at N, having its centre about V.
The height of the sun during the observation was from
40° to 45^. The weather was cooler than ordinary,
and the vapour which produced the phenomena was
higher tlian the clouds ; for they were seen to drive
under the circles. See P/iil. Trans. 1702, vol. xxiii.

No. 278, p. 1127.
ccn A very curious halo, with its accompanying pheno-

N.ah mena, was seen by Mr Barker on the 22d of January

TBarke? ^'^^'.' ^ ^'"'^ ^*^*'°'"^ *^° o'clock, at Fort Gloucester, on

177 1_ the river ofLake Superior. The weather was extremely
cold. " There was a very large circle, or halo, round
tlie sun, within which the sky was thick and dusky,
the rest of the hemisphere being dear, and a little more
than halfway from the horizon to the zenith,was a beau-
tifully enlightened circle parallel to the horizon, which
went quite round, till the two ends of it terminated in
the circle that surrounded the sun, where, at tlie points
of intersection, they each formed a luminous appearance
about the size of the sun, and so like him when seen
through a thick hazy sky, that they might very easily

have been taken for him. Directly opposite to the sun
was a luminous cross, in the shape of a St Andrew's
cross, cutting at the point of intersection the horizontal

circle, where was formed another mock sun like the

other two. The two lower limbs of the cross appeared
but faintly, a little way below the circle. The two
higher reached a good way above the circle towards the

zenith, very clear and bright. In this horizontal cir-

cle, directly half way between the sun and tlie cross,-

and those at the ends of the same circle, were other two
mock suns of the same kind and size, one on each side

;

so that in this horizontal circle were five mock suns at

equal distances from each other, and in the same line

the real sun, all at equal heights from the horizon. Be-
sides these meteors, there was very near the zenith, but

a little more towards the circle of the real sun, a rain-

bow of very bright and beautiful colours, not an entire

semicircle, with the middle of the convex side turned

towards the sun, which lowered as the sun descended.

This phenomena continued in all its beauty and hittre

till about half after two. The cross went gradually off

first, then the horizontal circle began to disappear in

parts, while in others it was visible ; then the three

mock suns farthest from the sun, the two in the sun's

circle continuing longest; the rainbow began to de-

crease after these, and last of all the sun's circle ; but it

was observable at three o'clock or after it. See Phil.
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coloured purtu, had the red toward* the lun. Two aiw H4^
thelia appeared at 1) and E. ^- y^
A curious halo, observed by Mr Hall in Berwick- HJo oTmt

»hire, on the 1 8th of February 17}>6, about 10 o'clock, '«l by Mr
i» shewn in Fig. 1 1 . The moon was alwut south- went, [(.ii*"and the altitude of her limb nearly W. The diiuneter

""
of the grcitt halo was about 1 lvi°; and th.it of the !<mall

, j.^,j
halo, having the moon in its centre, was between 8' and Fi^i"
IT. The weather was rimatkably mild, and there was
little or no wind.
On the 20th ofNovember 1 802, at 2 o'clock. Sir Hen- nOe, ok.

ry Engleficld observed at Richmond in Surry, two un- •«»«» by
common halos and parhelia. The altitude of the sun '>'' ••• Ke
was M". The circle nearest the sun (Fig. I'i.) wasnl'. ' '

'^

24"'distantfromhim, and about a degree broad. Its 11_ ,

was a pale yellow, without any of the prismatic colour-,.
'
"' "

The exterior circle was 48' from the sun, and about I \'
broad. It was tinged with the prismatic colours, the
red being nearest the sun. In tlie left brancii of the in-
ner circle, in a line parallel to the horizon, and pausing
through tlie sun, was a very faint parhelion ; but in ths
upper jjoint of the same circle was a very remarkable
one. Its light was so vivid that it could scarcely be
viewed, and it was rather brighter than the real sun.
" It was of a whiter light than the rest of the circle in
which it was, and had a pearly appearance, as partaking
a little of prismatic tints. It was large, perhaps in iu
brightest part near 2'broad, very ill defined everywhere,
but most diffused in the part farthest from the sun.
From each side of the bright light proceeded a bright
ray, which had a double curvature very distinct, being
first convex towards the sun, and then concave. The
lower edge of these rays (or that nearest the sun) was
tolerably well defined ; the upper edge melted away
into the sky with a sort of streakincj's. They grew botii

narrower and fainter towards their termination, and
they reached pretty near to the other circle. The whole
form of this parhelion and its rays bore so striking a 8i->

militude to the body and extended wings of a long
winged bird, such as an eagle, hovering directly over
the sun, that superstition would really liave had little

to acltl to the image." See the Journals of the Royal
InUilutiuH, vol. ii. or Nicholson's Journal, vol. vi. p. 54.
A coloured drawing of this phenomenon, will be found ia

Dr Thomas Yliung's NaluraL Philosophy, vol i. platc^

Siix, Fig. 431.

Having thus given a description of some of the most xhcorr 01

interesting halos and parhelia that have been accu- haloi.

rately observed, we shall now proceed to give some ac-

count of the tlieories by which these phenomena have
been explained.

Descartes supposes that halos are generated by the q. . ..

rays of the sun refracted through flat sUirs of pellucid oncmntt.
ice ; but it follows from this supposition, tliat the space '

within the halo should appear brighter than that with-

out, which is contrary to observation. Sec Descartes,

Mdeorohg. cap. x.

The subject of halos was next investigated by Huy.
oniniiMi oT

gens, who published a large dissertation concerning iiuygeti..

their cause, which has been translated and reprinted

by Dr Smith, in his Trealite oh Oniits. Huygens
assumes the existence of particles of had, some of which
are globular, and others cylindrical, witli an opaque
portion in tlie middle of each, bearing a certain pro-

portion to the whole; and he supixises tliesc cyhiider*Trans. 17^7, vol. Ixxvii. p. 44.
•los, &c- Qn tlie isth June 17<K), a complicated system of to be kept hi a vertical position by a current of asi-cnd-
nerved by

jjjjgg j^j,J parhelia was observed at St Petersburg by ing air or vapours, and sometimes to have a position in>

"mo. ^J- Lowitz. They are rejiresentcd in Fig. 10. The dined to the horizon in all directions when they are

ig. 10", arches A, B, and C were coloured, and, like all the other dispersed by tli« wind or otherwise. The cylinders arc
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supposed to have been at first globules, formed of the

softest and finest particles of snow. As soon as a glo-

bule is formed by a collection of these particles, many
more particles will adhere to the bottom of it, but not

to its sides, on accoimt of the current of ascending va-

pours. The globules will thus have an oblong cylin-

drical figure; and when the warmth of the sun or of

the air shall have melted the outsides of these cylin-

ders, a smaller cylinder of snow will remain in the

middle of each of them, surrounded with water ; and

after a certain part is melted, the cylindei's within will

become round and perfect, and will remain in this state

for some time. If this coat of water should be frozen,

Huygens supposes that it may possibly remain suffi-

ciently transparent and polished to transmit, refract,

and reflect the rays of the sun in a regular manner. By
the aid of these assumptions, Huygens has ingeniously

explained, in a very minute manner, almost all the

principal phenomena of halos which had been seen at

the time when he wrote. It is extremely improbable,

however, that such hailstones do exist, and still more
improbable that they should have such properties as

to produce constantly the diameter of 47°.

Sir Isaac Newton ascribes the halo of 22^ degrees by
refraction from floating hail or snow, and he accounts

for the small coloured coronae by his doctrine of fits

of easy reflexion and transmission. " As light re-

flected by a lens," says he, " quicksilvered on the back-

side, makes the rings of colours above described, so it

ought to make the like rings of colours in passing

through a drop of water. At the first reflection of the

rays within the drop, some colours ought to be trans-

mitted, as in the case of a lens, and others to be reflect-

ed back to the eye. For instance, if the diameter of a

small drop or globule of water be about the 500th part

ofan inch, so that a red-making r,iy, in passing through

the middle of this globule, has 250 fits of easy trans,

mission within the globule, and that all the red-making

rays which are at a certain distance from this middle

ray round about it have 249 fits within the globule,

and all the like rays at a certain further distance round
about it have 248 fits, and all those at a certain far-

ther distance 247 fits, and so on ; these concentric

circles of rays, after their transmission, falling on a

white paper, will make concentric rings of red upon
the paper, supposing the light, which passes through
one single globule, strong enough to be sensible ; and,

in like manner, the rays of other colours. .Suppose

now that, in a fair day, the sun shines through a thin

cloud of such globules of water or hail, and that the

globules are all of the same bigness, and the sun seen

through this cloud shall appear encompassed with the

like concentric rings of colours, and the diameter of

the first ring of red shall be Tj", that of the second
lOi", that of the third 12° 33'. And according as the

globules of water are bigger or less, the rings shall be
less or bigger. This is the theory, and experience an-
swers it. For, in June 1692, I saw, by reflection in a
vessel of stagnating water, three halos, crowns, or rings
of colours about the sun, like three little rain-bows
concentric to his body ; the colours of the first or inner-
most crown were blue next the sun, red without, and
white in the middle between the blue and red. Those at
the second crown were purple and blue within, and pale
red without, and green in the middle; and those of
the third were pale blue within, and pale red witliout.

These crowns inclosed one another immediately, so that
their colours proceeded in this continual order from the
sun outward ; blue, white, red ; purple, blue, green

;

pale yellow, and red
;
pale blue, pale red. The diame-

ter ofthe second crown measured from the middle ofthe

yellow and red on one side of the sun, to the middle of Hob.)

the same colour on the other side, was 9 j-", or thereabouts. "**"

The diameters of the first and third I had not time to

measure ; but that of the first seemed to be about five

or six degrees, and that of the third about 12'^. The
like crowns appear sometimes about the moon ; for, in

the beginning of the year l66'^, February 19th, at

night, I saw two such crowns about her. The diame-
ter of the first or innermost was about S°, and that of
the second about 5^°. Next about the moon was a cir-

cle of white, and next about that the inner crown,
which was of a bluish green within next the white, and
of a yellow and red without, and next about these colours

were blue and green on the inside of the outward
crown, and red on the outside of it. At the same time,
there appeared a halo about 22° 35' distant from the
centre of the moon. It was elliptical, and its long dia-
meter was perpendicular to the horizon verging below
farthest from the moon. I am told, that the moon has
sometimes three or more concentric crowns of colours

encompassing one another next about her body. The
more equal the globules of water or ice are to one
another, the more crowns of colours will appear, and
the colours will be the more lively. The halo at the dist-

ance of 22^° from the moon is of another sort. By its

being oval and remoter from the moon below than
above, I conclude, that it was made by refraction in

some sort of hail or snow floating in the air in an hori-

zontal posture, the refracting angle being about 58° or
60° ." See Newton's Optics, Book ii. I'art iv. O/js. 13.

M. Mariotte supposes halos to be produced by small
Tj,eo,y ^

filaments of snow moderately transparent, and having Mariotte.

the form of an equilateral triangular prism. He con-
jectures, that the hard flakes of snow which fall during
a hard frost, and which have the figure of stars, are

composed of little filaments like equilateral prisms, par-

ticularly those which are like fern leaves, as may be
easily seen by the microscope. Upon examining the

filaments which compose the hoar frost, he found them
cut into tlu"ee equal facets, and they exhibited rainbows
when placed in the sun. Mariotte then supposes, that

before the hoar frost is formed, some of these separate

prisms float among thethin vapours in the air, before they

unite into the compound figures. " These little stars,"

says he, " are very thin and very light, and the little fi-

laments which compose them are still more so, and may
often be supported a long time in the air by the winds.

Hence, when the air is moderately filled with them, so

as not to be much darkened, many of them, whether se-

parate or united, will turn in every direction as the air

impels them, and will be disposed to transmit to the

eye for some time a coloured light, nearly like to that

whichwould be produced by equilateral prisms ofglass."

M. Mariotte then calculates the angles ; and by deduct-

ing 16' for the sun's semidiameter, and 30' for the de-

viation of the red rays, he finds 22° 50' to be the semi-

diameter of the halo produced by equiangular prisms.

In attempting to account for parhelia, Mariotte ob-

serves, " that they are usually at the same altitude as

the sun. Among the prisms of snow, there are often

many heavier at one end than at the other, and conse-

quently situated in a vertical cHrection. These cause a

bright parhelion with a tail, which cannot be above 70*

long. I have read an account of a halo seen in May,
soon after eun-rise, with parhelia in its circumference,

which, after two or three hours, were more than a de-

gree distant from it. This appearance arises from the

coincidence of the sun's rays with the transverse sec-

tion of the prism, when they are nearly horizontal, and
^

from their obliquity when the sun is elevated, causing .^;

a greater deviation, and throwing the parhelia outwards.

II
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itio. as may ba shewn by an experiinciit on two prisms." See
^nr"^ Mariotte Trailc ties Coiilears, Paris 1686, or (Euvret de

Miirinlle, vol. i. p. 272.
W'Kl'i A theory of halos Jias recently been given by Mr
^'J' Wood in the Manchester Transactions. He assumes,

with Dr Halley, that v.'ipour consists of hollow splieri-

cles of water, filled with an elastic fluid, and havinsj a

thickness equal to , J.
^ of their diameter ; and he sup-

poses the halo-s to be produced by rclraction, and reflec-

tion from these, in the same manner as the raiiiI)ow is

prmluced by solid drops. See Manchester Mciiioirx,

vol. iii. p. S.'JO. A similar opinion seems to be enter-

tained by M. Brande. See Gilbert's Jouriiat, vol. xi.

p. ilk
DVcung's Xhe subject of hnlos has recently been ex.imined wiUi
""y- much attention l)y our learned countryman Dr Tliomas

Young, who, before he was acquainted witli tlie expla-

nation of Mariotte, had adopted the very same theory.

Our readers will no doubt be gratified with an account

of Dr Young's theory and calcidations in his own words.
" It is well known, that the crystals of ice and snow

tend always to form angles of 60'' ; now a prism of wa-
ter or ice of 60°, produces a deviation ofabout 23^", for

rays forming equal angles with its surfaces, and the an-

gle of deviation varies at first very slowly as the incli-

nation changes, the variation amounting to less than 3°,

while the inclination changes 30°.

Now if such prisms were placed at all possible angles

of inclination, differing equally from each other, one
half of them would be so situated, as to be incapable of

transmitting any light regularly by two successive re-

fractions directed the same way ; and of the remaining

two-fourths, the one would refract all the light within

these 3*, and the other would disperse the light in a

space of between 20° and 30° beyond them.

In the same manner, we may imagine an immense
number of prismatic particles of snow to be disposed in

all possible directions, and a considerable proportion of

them to be so situated, that the plane of their transverse

section may pass within certain limits of the sun and
the spectator. Then half of these only will ap|)ear il-

luminated, and the greater part ofthe light will be trans-

mitted by such as are situated at an angular distance of

23;^°, or within S" of it, the limit being strongly mark-
ed internally, but the light being externally more gra-

dually lost. And this is precisely the appearance of the

most common halo. When there is a sufficient quanti-

ty of the prismatic particles, a considerable part of the

light must fall, after one refraction, on a second parti-

cle; so that the effect will be doubled: and, in this

case, the angle of refraction will become sufficient to

present a faint appearance of colour, the red being in-

ternal, as the least refrangible light, and the external

part having a tinge of blue.

These concentric halos of 23.^° and 47°, are therefore

sufficiently explicable, by particles ofsnow, situated pro-

miscuously in all possible directions. If the prisms be

so short as to form triangular plates, these plates, in

falling through the air, will tend to assume a vertical

direction, and a much greater number of them will be
in this situation than in any other. The reflection from

their flat surfaces will consequently produce a horizon-

tal circle of equal height with the sun ; and their re-

fraction will exhibit^a bright parfielion immediately over

the sun. with an appearance of wings or horns, diver-

ging upwards from the parhelion.

For all such particles as are directed nearly towards

the spectator, will conspire in transmitting the light

much more copiously than it can arrive from any other

you X. PART 11.

part of the circle ; but luch u are tamMl mnr«(thl»nti(b
ly, will produce a greater ileviation in ;"

' i nt
the same time a detlerticin from tli^ ,,|

plane. This may be easily understood, liy lotAnt^ ut •
long line tlirough a prism held parallel to it: the line
appears, instead of a right line, to become n curve, the
deviation being greater in those rays that p.is» oljli(|ue-

ly with respect to the axis of the prism ; which are al-
so deflected from the plane in which they were pa—ing.
The line viewed through the prism has no point ot

contrary flexure, but if its ordinates were referred to a
centre, it would usually assume a form similar to that
which has often been observed in halos.

The form of the flakes of snow as they usually fall, if

indeed more complicated th.m we have been supposing;
but their elements in the upper regions of the air are
probably more siniple. It happens however not un-
commonly, that the forms of the luminous arches are so
complicjited, as almost to defy all calculation. The co-
incidence in the magnitude of the observed and com-
puted angles is so striking, as to be nearly decisive with
respect to the cause of halos, and it is not difficult to
imagine that many circumstances may exist, which may
cause the axes of the greater number of the prisms to
assume a position nearly horizontal, which is all that
is required for the explanation of the jKirhelia with their
curved appendages. Perhaps also, the effect may some-
times be facilitated by the partial melting of the snow
into conoidal drops ; for it may be shown, by the light

of a candle transmitted through a wine glass full of wa-
ter, that such a form is accommotlated to the protluc-

tion of an inverted arcli of light, like that which is fre-

quently observed to accompany a parhelion.

The situation of the lateral parhelia without the halo,

is very satisfactorily explained by Mariotte ; an<l the
diversified forms of the timgent arches, may probably-

all be deduced from the suppositions laid down in the-

Journals of the Royal Institution. As an instance, we
may take the case there described by Sir Henry Rngle-
field, (see p. 61.5, supra,) where the sun's altitude was
about 15°. The horizontal prisms will then cause
an appearance of an arch with a contrary curvature,

exactly as Sir Henry has described it.

The calculation is somewhat intricate. Its principal

steps are these, taking the refractive power f.
Deviation of transverse rays 23° 37'.

For rays inclined 20°, the inclination of the planes of
the rays is 29=" 32', the deviation 26=' 12' ; the altitude

being 15°, the angle with the horizon is 25° 8' more
than the altitude.

For rays inclined 2.5°, the inclination of the planes is

34°, the deviation 27° 47', the angle with the horizon
25° 17' more than the altitude 15°.

For rays inclined 30°, the incUnation of the planes is

120° ; that is, the rays are in the planes of the surfaces,

the deviation 38° 56', the angle with the horizon 6" 4'

less than the altitude 15*.

Wlien the altitude increases, the tangent arch descends

so as to approach considerably to the halo, as in the ha-

los observed by Halley and by Barker. For, calcula-

ting upon tlie true refractive power of ice, the angles

become these.

For rays inclined 25°, the incUnation of the planes

30° 55', the deviation 25° 40' = 21° SC -f. S° SW, the

angle with the horizon 56° 24' = 45° -f 11° 24'. For

alUtude 15°, .18° 57'=15°.|.23° 57'.

It may also become double, the inferior arch being

visible. Thus the angle with the horizon becomes SI*
18' or 45°—23° 42', as well as 56° 24'.

^1

H«ia,
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Halo, The motlc of calculation is this : A being the inclina-

Halstead. tjo^ within the prism, and r the index. Sec. B =
" ^ ~ See. A

for the incidence ; S.C=r.S.B,D=C—B. As

S.C r'^Sec. A :: S: D : j;, k/^x=ij, \—y: \x:: Rad : T.E,

a E is the mutual inclination of the planes passing

T.A
through the rays and the axis of the prism, —;- -.-^x::

Rad S.F ; 2 F is tlie whole deviation; 1

T.A
: S. Altitude : S.

plane of the incident ray ; G:±:

of the plane of the emergent ray

2E=H
T.A

G, the elevation of the

the elevation

: : S.H : S.I,
r

the depression of the emergent ray.

Mr Cavendish has suggested, with great apparent

probability, that the external halo may be produced by
the refraction of the rectangular termination of the crys-

tals, rather than by two successive refractions through

the angles of different crystals, which, with the index

1.31, would produce a deviation of 4,5° iV. If this

supposition is true, tlie index cannot be greater than

1.31 ;
* for 1.32 would give 47° 56', which is more than

appears to have ever been assigned.

The mean of 4 accurate observations is about 45° 50',

that of 4 of the best estimations 46°.

The lateral anthelia may be produced by the rays re-

fracted after two internal reflections, which will have a

con.stant deviation 60° greater tlian those which fonn
the halo. These anthelia ought therefore to be about
82° from the sun. They are, however, usually represent-

ed as much more distant."

In addition to the work.s referred to in the course of

the preceding article, see Zahn Miinr/i CEconnmin. Ly-
costhenis Chronicon Prodigioruni. Fritsch On Mdcors.
Fhilosopliical Traiisncliotis, 1 665—6,i. 219- Id- 1 669, iv.

953. Id. 1670, v. 1065. Id. 1699, xxi. 107 and 1-26. Id.

1700, xxii. 535. 7rf. 1721, xxxi. 201, 212. Id. 17 --I^,

xxxii. 89. /(/. 1727, xxxv. 257. Id. 1732, xxxvii. 357-

Id. 1737, xl. 50, 54, 59. Id. 1740, xli. 459. Id. 1742,
xlii. 47, 60, 157. Id. 1748, xlv. 524. Id. 1749, xlvi.

203. Id. 1761,3, 94. Id. 1763, 351. Id. 1770, 129.

Id. 1784, 59. Id. 178", 44. Mem. Acad. Par.ii. 208.

Id. x. 47, 152, 168, 275, 41 1, 454. Id. l699. Hist. 82.

/rf. 1713, Hist. 67. /</. 1721, 231. /rf. 1729, Hist. 2.

Id. 173.5, 87, 585. Id. 1743, Hist. 33. Id. 1745, Hist.

19. Id. 1753, Hist 75. Id. 1754, Hist. 32. Id. 1755,
Hist. 37. /(/. 1758, Hist. 23. Id. 1786, 44. Me-
moires dc Berlin, 1734, iv. 64. Nov. Comment. Pe-
trop. vi. 425. Id. viii. 392. Id. x. 375. VVeidler,

De Pnr/ieliis Anni 1736. Irish Trannaclions, 1787, i.

23. Id. 1789, iv. 143. Edinburgh Transactions, iv.

174. Edinburgh Es-iiiys, i. 9.Q1. "^Rozler's Journal, xi.

377 ; xxxvii. 308. Dr Thomas Young's Natural Philo-
sophy, i. 443 ; ii. 303—309 ; and our article GuEENLAxn.
HALSTEAD, a town of England in the county of

Essex, is agreeably situated on the acclivity of a gra-
velly eminence, at the foot of which passes the river
Colne. The streets of the town are broad and airy,
but many of the houses are old and inelegant. The
church dedicated to St Andrew, is an old building. It
con.Msts of a nave, chancel, and side aisles, and has a
tower and spire at the west end. The spire is of wood,
and is the third that has been erected, the other two ha-

* The index of refraction for ice, according to Dr Brewster's cxpciimcnts. ia 1.30T. See Treatise on New Pkilosepkical Instrw
menu, p. 288. This measure renders Mr Cavendish's BUggcstiou more prulxible.

ving been destroyed by lightning. The grammar Htiiii

school was founded in the year 1594, by Dame Mary l"

Ramsay for 40 poor children of Halstead and Colne- H*"i'«"l

Engaine. The direction of it is vested in the go- '

vernors, &c. of Christ's Hospital, London. The Bride-

well is an ancient building. There is a Greek inscrip-

tion on a house in the parish, which was brought from
a village near Smyrna, where it had been erected in

honour of Crato a musician, about 150 years before

Christ. Halstead formerly carried on a considerable

trade in baize and serges, but it has of late much decli-

ned. In 1802, 1654 were returned as employed in

manufactures, whereas in 1811 only 1 1 70 were return-

ed. In 1811, there were in the town and parish of

Halstead,

Inhabited houses 722
Number of families 803
Do. employed in agriculture . . 288
Total population 3279

See Morant's History oj"Essex, and the Beauties ofEng'
land and Wales, vol. v. p. 254.

HAM, or Hamm, in Latin Hammotia, a town of
Westphalia, and capital of the county of the same name,
is situated near the place where the Asse throws itself

into the Lippe. Its principal public buildings are its

parish church and Calvinistic academy with three pro-
fessors, and it has excellent establishments for the sup-
port of the poor. Ham was formerly one of the Hanse-
atic towns. It lias long been celebrated for its excellent

hams, which are called hammcn in Holland, and for its

fishery. Great quantities of linen are bleached here ;

and it is famous for a kind of beer called rent, which
is sold to a considerable extent in the neighbourhood.
Distance from Munster 6 leagues S. E. and from Co-
logne IS leagues N. E.

HAMAH. Epiphania, and the Apamca of Strabo,

is a town of Syria, situated in a narrow valley on the

banks of the Grontes. It lies between Aleppo and
Tripoli, :md is about 30 leagues east of Tripoli, and 40
north of Damascus. It was founded by .Seleucus Ni-
canor, who supported no fewer than 500 elephants in its

fertile territory ; and is famous for having been the
place where the Romans, under Aureliiis, defeated Ze-
nobia, Queen of Palmyra. Hamah was destroyed in

1 1 57 by a dreadful e.aithquake, but was afterwards re-

built. This town is now celebrated for its water works,
in which the water is raised from the river by wheels
32 feet in diameter. The water falling into the buckets,

is elevated to the height of 30 feet, and discharged into a
reservoir, from which it is conveyed to the public and
private baths. The gardens around are very agree-

able and fertile, and the sun-ounding country is well

adapted for wheat and cotton. The Maronites built a

chapel and a tomb here, from which arose a convent

which is celebrated in that part of Syria. There is

here a strong castle. Hamah is the seat of a Jacobite

bishop, and a pacha has the government of all the can-

ton. Population, 4000. See M. De La Roque's Voy-
nge de Sirie.

HAMBURGH is a free imperial city of the duchy
of Holstein in Lower Saxony, and one of the largest,

richest, and most populous cities in Germany. It is si-

tuated on the right or northern bank of the river Elbe,

at the distimcc ofabout seventy miles from its discharge

into the German Ocean. East Long. 9° 5(i', North
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Unburgh. Lat. BV 36'. The number of inhabitants fluctuates

"•'Y'"' from 110,000 to 120,(X)0.

,^j^^
This city is tlivided by a canal into tlie okl and new

town. It is built partly on islands, and jjartly on the
continent of the north side of the F.lbe. Towards the

east it is washwl by the small river Hil, and towanla the

north by another small river culled the Alster, which
forms a very large basin just without the town, and
another about 1000 feet. square within the walls, af-

ter which it passes through different parts of the city,

and then discliarges itself into the Elbe. The seve-

ral islands formed by the rivers Elbe and Alster, on
which the town is built, have a communication with
each other by eighty-four bridges. The whole city

is surrounded by a lofty rampart, and a broad ditch.

The town, although large and flourishing, is by no
means elegant. The principal streets have long and
broad canals, which are filled by the tide ; the others,

especially in the old town, are mean, narrow, and ill

paved. The houses are mostly built after the Dutch
fashion, and very lofty, several of them being six or

seven stories high. The warehouses of the merchants
are generally in the upper part of the building, to

prevent damage from the frequent inundations occa-

sioned by high floods in the river, the back part of

the houses being commonly so near the water, that

their vessels conte to unload at the very doors. The

,, ,,
most beautiful parts of the town are the Jiingfernsloig,

'ildings.
^hich is the fashionable promenade, especially on Sun-
days, and the streets and alleys along the Alster.

The principal public buildings in this city are the

churches of St Peter, St Nicholas, St Catharine,

St James, St Michael, St John, and the cathedral.

These are mostly Gothic structures, having lofty spires,

beautiful altars, and large organs. From the spire of
the church of St Michael, there is an extensive and
charming view of the town and its environs. The ex-

change, the orphan-house, the several hospitals, the

room-house, the house of Eimbeck, and the obelisk

in honour of Professor Busch, are also worthy of notice.

Hamburgh was founded in the beginning of the

9th century, by Charles, the eldest son of the Empe-
ror Charlemagne, who was commanded by his father to

erect two forts on the Elbe, with the view of repelling

the incursions of the Venedi, a Sclavonic nation inha-

biting the southern coasts of the Baltic. The fort on
the north side of the river, was called Hammenburg,
(whence, by abbreviation, Hamburgh,) or the castle

near the wood, according to the etymology of the name
given by Christopher Silvius, an ancient poet of Ham-
burgh :

Ilamlurgiim siha evi notum nomen ab Hama,
Inter IliUa tuos, et otorifer AUtria ductus.

istorr
This city has undergone a variety of revolutions. It

was made an archbishop's see by Lewis the Debon-
naire in 833 ; but the see was afterwards transferred to

Bremen. Upon the extinction oftheCarlovingianline,

it became subject to the dukes of Saxony, of whom it

was afterwarcls held by the counts of Holstein. Adol-
phus HI. in consideration of a sum of money, with
which the Hamburghers furnished him upon his expe-

dition to the Holy Land, favoured them with a great

many privileges, which were subsequently confirmed

by the emperor Barbarossa. The citizens afterwards

purchased their entire liberty from Albert of Orla-

mimd, count of Holstein, for the sum of fifteen hun-
dred marks of silver ; and it was confirmed to tliem by

619
succeeding count«, as well as by ChrisUoi I. kiag of HMibMRli.
Denmark, after the county of HoLitein had devoWcd '—»»'
to that crown. The Danish kingi<, however, have, on
several occasions, revived their claims to the novtrei^^n-
ty of this city, which has frct|!i(ntly ol.liirpd thf inha-
bitants to pay very large sums for tli of
their liberties. But Hamburgh was c ,n.
perialcity in the year 1618, and was suiuiuuned to the
diet of the empire in 1 6*1.
The government of this city is vestetl in the senate Go*ttn-

and the three colleges of burghers. The former exer- '"«"'•

cises the executive power, and has the right of «s,sem-
bling and dissolving the body of the burghers; the lat-
ter grant taxes, and administer the revenue. The se-
nate consists of thirty-six persons, vin. four burgoma^
ters, four syndycs, twenty-four counsellors, and four
secretaries or clerks, the chief of whom is called a pro-
thonotary. The burgomasters and counsellors only
have votes. When a vacancy occurs, a new member
is chosen by lot. The members of the legislative body
are chosen from the five parishes or wards of the city.

The first college consists ofthe aldermen, three ofwhom
arc chosen by the inhabitants of each parish. Every
parish also sends nine persons to the second, and twen-
ty-four to the third college. The ordinary business is

regularly brought by the senate before this assembly

;

but when there is a new law to be made, or a new tax
to be raised, after having passed this court, the measure
must farther be laid before a general assembly of the
burghers, in which every inhabitant householder may
appear and give his vote.

Hamburgh is most advantageously situated for trade Trade and

and commerce, both foreign and domestic. The Elbe cummcrce.

forms a good harbour, being navigable for ships of large
burthen until within four miles of the town, whenUiey
must unload into smaller vessels, which, by means of
the canals which traverse the city, can be brought to the
very doors of the warehouses. At the pcrioil when
the Hanseatic league was formed, Hamburgh became
a principal member of that celebrated confederacy,

which brought the trade of the world to the ports of
the Baltic and the north of Germany. In subsequent
times, when the other nations of Europe, particularly

the Dutch and the English, cultivated a more extensive

commerce, the trade of Hamburgh, along with that of

the other Hanseatic towns, declined. But its situation

is so favourable, that it has always been able to com-
mand a considerable commerce, especially when the

great maritime powers are at war, as Hamburgh then

becomes the great mart for colonial produce destinetl

for the supply of the continent of Europe. During the

war of the French revolution, the trade of this city ra-

pidly increased ; and it still continued to enjoy the ad-

vantages of its situation, capital, and credit, under the

continental system adopted by Bonaparte, in conse-

quence of which, most of the ports of Europe were shut

against the commerce with England. M'hile the block-

ade of the Elbe eontinue<l, the merchants of Ham-
burgh still carried on a profitable, though circnitotis

trade, by the Danish ports of Tonningen and Hus\mi,

But the prosperity of this commercial city received a

severe blow by its forcible seizure and unnatural in-

corporation with the French empire, and the subse-

quent plunder of the bank. Since the overthrow of

Bonaparte's system, and the consequent return of Hnra-

burgh under its old laws and government, that city

may be expected to recover, in Bome measure, its for-

mer prosperity and importance.

The commerce of Hamburgh consists, Isl, In the tx-
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Hamburgh, port of its manufactured produce ; 2ri/y, In the impor-
'""'"Y"™' tation of foreign merchandise ; and, 'idly, In the re-

exportation of these last articles to different parts ofthe

Continent. The principal manufactures of this city, are

Manufac- the refining of sugar, the printing of cotton cloths, the

tiiree. manufacture of velvets and silk stuffs, of laces, metal

buttons, knit stockings, sail cloth, &c. The establish-

ments for the refining of sugar, which are very nume-
rous, have been long flourishing, and are esteemed a-

mong the best in Europe. It has been calculated that

they produced daily 700 small loaves of sugar, of

about 3 J pounds weight, and 400 large loaves, from
6 to 7 pounds. The raw sugar is procured chiefly from
England, the ein-th used in purifying it from Rouen,
and a great part of the manufactured article is exported

to Russia. The printing of cotton formerly employed
twelve establishments, which gave occupation to 600
workmen each ; but their number has been since great-

ly reduced, in consequence of similar manufactories ha-

ving been established in other countries. There are

about twenty establishments for the manufacture of vel-

vets and laces, which are exported to Russia and diffe-

rent parts ofGermany. The manufacture ofsilk stuffs and
woollens is inconsiderable, and only for home consump-
tion. That of knit stockings is of more importance.

They are sent into the interior of Germany, and some
occasionally to Italy. Dyeing forms another branch of
the manufactures of Hamburgh, whose dyers are es-

teemed the best in Germany. Besides its own manu-
factures, Hamburgh imports from England, France,
Holland, Italy, &c. all sorts of rich silk stuffs, and the

finest velvet brocades, besides fine cloths of all kinds,

for the purpose of re-exportation. This city also ex-
ports timber to a considerable amount annually, parti-

. cularly to France and Spain.

The number of vessels which entered the port of
Hamburgh in 1791 was 1484; and the value of the im-
ports, for the same year, amounted to 112,554,026'

livres, or about £4,6S9,751 sterling. After the rai-

sing of the blockade of the Elbe, the number of ship-

ping which annually entered the port was calculated at

from 1900 to 2000. The number of vessels belonging
to the merchants of Hamburgh, and employed by them,
amounted to about 400.

Bank of The bank of Hamburgh was established in the year
Hauiburgfu I619 upon the same principles with that of Amster-

dam. It was intended as a general fund for the cwive-
nience of the merchants, who, by means of this institu-

tion, make and receive payment, without the interven-
tion of specie, by a mere transfer in the books of the
bank. The specie deposited consists of bank dollars
and ingots of silver. This specie has no ordinary cir-

culation ; consequently the fund always remains entire

;

and the money of the bank thus serves as a standard
for measuring the value of all other specie. The bank
closes every year, from the last day of December to the
14th of January, for the purpose of balancing the books.
It is under the direction of four of the principal per-
sons of the city ; and no person is entitled to have an
account with it who is not either a citizen or an inha-
bitant. There are two kinds of money at Hamburgh

;

real money, and money of account ; the latter being
partly real and partly imaginary. The mark lub. which
is equal to about Is. 6d. of our money, is divided into
sixteen shillings, and each shilling into twelve fennings,
or pence. The rix-dollar contains three marks lub. It
IS called the rix-dollar current, which must not be con-
founded with the rix-dollar of the bank ; the latter being
more valuable, and equal to about 4s, lOd. of our mo-

Chamb
of instt-

ney. In general the money of the bank is worth from Hambmi|

15 to 20 per cent, more than the current money, and '"'Y''^

the difference in exchange is called agio. Besides these,

they have gold ducats, current at seven marks, more '

^

or less, and double ducats at fourteen marks. Foreign
,

gold is also received at its intrinsic value, according to

the rate of exchange, which is regularly advertised twice

a week. The bank receives payment in its own money
only. In the year 1725, the magistrates of Hamburgh
resolved to coin some new specie, which is called the

new current money of Hamburgh, and consists of pieces

of 1 and 2 marks, of eight shillings, or half a mark,
four shillings, or a quarter mark, and several of smal-
ler denomination, conformable to the standard of the
old dollar. The u^io for this specie, in exchange with
the bank, was fixed at 16 per cent. A new bank was
also established, at the same time, for the convenience
of the town, which could not receive any money but
that coined by the city, the aaio being regulated by a
combination between the two banks. By these means,
business is conducted with more ease and regularity,

and the merchants are not liable to loss from the diffe-

rence of value in the several denominations. The usance,

or course of exchange, is at fifteen days sight, for bills

drawn on any part of Germany ; a month's date, for

those drawn on France or on London ; and two months
for those drawn on Venice, or on Spain or Portugal.

There are twelve days of grace allowed, including the

day of the bill's falling due, the Sundays, and holidays.

The chamber of marine insurance was instituted in

1705. Six of the most wealthy merchants provided a
fund, which was divided into 500 actions, or shares, of ranee,

£100 each ; and the business has been conducted with
the greatest success. There are also establishments for

the other species of insurance. In the Lombard, or
town pledge house, money is advanced, at an interest

of six per cent, on every kind of goods and merchan-
dise, without the intervention of a broker. When the

time during which the sum was lent has expired, the

goods must be redeemed ; otlierwise they are sold for

their value, and the excess is faithfully transmitted to

the person to whom they belonged. By this institu-

tion the town is said to gain about 150,000 crowns an-

nually.

The police of this city is admirable. There are few Police.

or no beggars in the streets, as the magistrates take care

to employ the indigent, who are able and willing to

work, in the manufacture of knit stockings, and to send
all vagabonds and sturdy beggars, who refuse to work,

to the house of correction. The few who are incapable

of labour are maintained by their respective parishes.

The establishments for the poor, indeed, are nowhere
more liberal or better administered, than at Hamburgh.
They have a very large hospital for ophans, which pos-

sesses a revenue amounting to between six and seven

thousand pounds. There is also a large hospital for the

reception of poor infirm labourers, and another for aged

and disabled seamen ; besides many smaller institutions

for poor widowers and widows, &c. ; with two houses

of correction, the Zucht-Haus, and the Spinn-Haus, in

which malefactors are kept close at work with a spare

diet.

Citizenship, at Hamburgh, is personal. The son of Citizeul

a citizen, therefore, is not a citizen of right, but must
purchase his franchise. A Hamburgher, or a stranger,

who does not chuse to purchase the citizenship, must
pay a stipulated sum annually to the town, to entitle

him to engage in trade as a merchant, besides aU the

other duties and imposts to which the other citizens are
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liable. The income of the state is very 1/irge. It is

composed jiartly of standing sources of revenue, and
partly of occaifional taxes granted by tlie community.

The aggregate revenue is estimated at 3,800,000 marks,

or about £28.';,00() sterling. The established religion

of the city is the Lutheran, and no other public exer-

cise of religion is tolerated. But persons ol' a different

persuasion may have an opportunity of attending wor-

ship at the chapels of the foreign envoys who resi<le in

the city. The number of the clergy, including those

of the dependent territories, amounts to fifty-three.

The chief tlepondencies of this city are the river Alster,

the bailiage of Ham, some islands, and low lands on the

Elbe; and besides some districts acquired from Hol-

stein, the bailiage of Ritzebuttel, to the north of the

duchy of Bremen, including the port of Cuxhaven, and
the isle called Neuwcrk, situated opposite to that port.

The Rtilh.i-KcUcr, or town-cellar, may be reckoned

one of the curiosities of Hamburgh. It is an immense
subterraneous cavern, which is filled principally with

Rhenish wine. Several halls and chambers have been

formed, for the entertainments frequently given tliere

by th . inhabitants and strangers. It is under the di-

rection of a burgomaster, three senators, and three

burghers ; but the immediate management is committed

to a steward, who makes a profitable business of it.

There is also an apothecaries' hall belonging to the

town, which contains a great quantity of every possible

species of drugs. These being superior to those sold

by the other apothecaries, have a considerable sale, and
produce much profit to the city.

In Hamburgh there are numerous schools, libraries,

and literary institutions, which reflect honour on the

enlightened taste of its inhabitants ; besides several

valuable collections of paintings and prints, and cabi-

nets of natural history, &c. which sufficiently prove

that the arts and sciences have not been neglected

amidst the pursuits of commerce. This city has been,

at different periods, the resilience of many literary cha-

racters of the first eminence, among whom the names
of Lessing and Klopstock are conspicuous. The prin-

cipal amusements of the inhabitants are music and
dancing, card-playing and billiards ; in winter, riding

upon sledges, and, in summer, walking or riding to

public gardens in the environs of the town. There is

a French and a German theatre ; and the musical drama,

or opera, has long l)een cultivated with activity and
success at Hamburgh. The compositions of Keiser,

Matheson, Handel, and Telemann, who all commenced
their career in this city, are the most celebrated. C. P.

E. Bach, the greatest musician of his time, succeeded

Telemann as music director in 1767, and retained the

situation until his death in 1788.

The merchants of Hamburgh are very luxurious in

their style of living ; the tone of society is easy and

animated ; and there is no place where strangers are

entertained with more hospitality. See Nugent's Tra-

vels through Germany; Iliesbeck's Travelt ; Feuchet

Diet, de la Geog. Coin. vol. iv. ; Reichard, Guide des

Foyageurs ; Account of the Management of the Poor in

Hamburgh; HambtirgischeKunstler-Nachrichlen. Ham-
burgh, 1794. (z)

HAMEL, DU, DU Monceau, Henry Lewis, an emi-

nent vegetable physiologist, was born at Paris in the year

1700. In the Memoirs of the Academy for 1728, he

published an Essay on a Parasitical Fungus,
(
Sclerolium

CrocorumofPersoon), which infests the roots of the culti-

vated saffron ; and, in the same year, appeared his Trea-

tise on the Propagation of Trees by Grafting. Hisprinci-

4

jial works on Botany and VegeuWc Phytiulagy were
the following

:

1. Trnil,^ de la Culture det Terres. Published In 6
*

vols, from n.'iOto I7(il.

2. F.lanenf d'Agriculture. 2 vols. I'imo. ITrti. Thi*
work was translated into English, Gcmuui, and Spa-
nish.

3. Traits des Arbres et Arbustei qui se CuUivtnt en
France en pleinc lerre. 2 vols. 4to. 1755.

4. Phi/sique des Arbres. 2 vols. 4to. 1758. Thl«
is the principal work of Du Hamcl.

5. Des Semis et Planialiom det Arbres et de leur
Culture. 4to. 1760.

6. De L' Exploitation des lioif, on moyen de lirer

parti des taillis dcmifutayes et haulfutnyes. '2 vols 4to.

1769-

7. Du Transport, de la conservation, et de laforce du
liois. 4to 1767. Sec our article Carpknthv, vol. v.

p. 496. See also the Mem. Acad. Par. 1742, 1768,
1744, 1764, 1767.

8. Traitc des Arbres Frvilicrs. 2 vols. 4to. 1768.

Du Hamel was also the author of a treatise on the

cultivation and preparation of madder. His works on
the mechanical arts are numerous. The following,

which were published separately, are the most import-
ant

:

1. Art defaire Us carles a jouer.

2. Art du Couvrettr. See Mem. Acad. Par. 1766.
Hist. 156".

3. Traite de la Corderie perfectionne.

4. Art du Drapier. See Mem. Acad. 1765. Hist 132.

5. Art defaire des Topis. See Mem. Acad. 1766,
Hist 1.57.

6. Art defriser et de ratiner les eloffcs de Lalne. See
Mem. Acad. 1766, Hist 156.

7. Art de L'Epitiglier. See Mem. Acad. 1761, Hist
152.

8. Art de forger let enclumes. See Mem. Acad.

1762, Hist. 188.

9. Art de Peche.

10. Architecture Navale. 4to. Par. 1758. Sec Mem.
Acad. 1752, Hist 141.

1 1

.

Art de la Fabrique des Ancret. See Mem. Acad,

1761, Hist 152.

12. Art de Fabriquer les Pipes.

13. Art du Potier de terre,

14. Art du Serrurier.

1 5. Art de rcduire lefer en fit iorclial. See Mem,
Acad. 1768, Hist 128, 1778, Hist 110.

M. Du Hamel died at Paris in 1782. See Botanv,
p. 34.

HAMELN, formerly called Qtiem or MuchUn-Ha-
meln, is a town of Germany, in the kingdom of Ha-
nover. It is situated in a pleasant territory, at the con-

fluence of the Hamel and the Weser. It is very strongly

fortified, and contains some good buildings, particular-

ly the Hotel de Ville. Its barracks can accommodate

a whole biittalion. A fine sluice was erected here in

1734, by George II. for the purpose of facilitating the

navigation of tlie Weser, by which the town carries on

a considerable trade. Hameln has been celebrated for

its tanneries, its breweries of beer, and for the manu-

factures which were established by tlie French refugees.

There is here a refinery of sugar. At the mouth of a

cave not far from the town, is a monument erectetl to

commemorate the loss of 1 30 children, who were swal-

lowed up in 1284. From the fort there is a very fine

view of the surrounding country. Population 4000.

Distance 30 miles south-west from Hanover.
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HAMILTON, the chief town of the middle ward of

Lanarkshire, is about 12 miles to the south-east of Glas-

gow, and situated in the parish of the same name. In

ancient times, the disti-ict in the neighbourhood of Ha-

milton appears to have borne the designation of Cad-

zorv, while the town seems to have been called " the

Orchard," probably from the fruit-grounds with which

the houses were surrounded. There is little doubt that

the town derives its present appellation from the noble

family of Hamilton, who appear to have settled in

Clydesdale soon after the year 1215.

The first residence of the family was Cadzow Castle,

situated on the precipitous banks of the Avon, about a

mile from the town. In the statistical account of Ha-
milton, it is mentioned, that this building was deserted

after the injuries it sustained from the army of the re-

gent Murray, but a considerable portion of it is still

to be seen, denoting the massy strength of the original

structure. The palace of Hamilton, now occupied,

(A.D. 1816,) by the most noble the Marquis of Douglas,

as representative of his father the Duke of Hamilton, is

situated in the higher part of the beautiful and fertile

valley through which the Clyde pursues its course, and
lies to the west of the confluence of that noble river

with the Avon. It was built about the end of the 1 7th

century, and forms three sides of a quadrangle. The
apartments are large and lofty, and have lately been
very splendidly fitted up. The gallery of paintings is

perhaps the finest in Scotland, many additions having
been made to it by the present Marquis of Douglas.

The portrait of the Earl of Denbigh by Vandyke, and
"Daniel in the Den of Lions," by Rubens, have been no-

ticed by every traveller. To these may be added, a
St Sebastian by Guido Reni, a St Francis, an in-

fant St John, by Corregio, and in particular an " Ecce
Homo" by the same master. Two landscapes of rocks,

and a head of Diogenes by Salvator Rosa, a dying Ma-
dona by Ludovico Caracci, and an admirable painting

of the Virgin embracing the head of Christ, by Ma-
beuge. In the great gallery there is likewise a bust of
Cleopatra, in which the depth and aggravation of grief
are most wonderfully expressed ; and in one of the
lower apartments there is a statue of " the Venus de
Medici." Among the valuable curiosities, we; have ob-
served a lai-ge table of the most beautiful malachite, un-
equalled, as far as we have been able to learn, in any
part of the British empire.

Nearly opposite to Cadzow upon the Avon, and in
full view of the palace, stands the castle of Chatelhe-
rault, built by the Duke of Hamilton in the year 1730,
and meant to represent the castle of the same name in
France, of which his ancestors were dukes. It was
executed from a design of the elder Adams. In the
surrounding pai-k ai-e some of the largest oaks in Scot-
land, the »emains of those extensive forests with which
the country was formerly covered. Among these trees
grazed the ancient Caledonian cows, mentioned by
Hector Boece, as a peculiar breed, and distinguished by
their manes resembling those of lions, by their snowy
whiteness, and their untameable ferocity. It is believed
that the original race are now extinct ; for the present
breed are not remarkably different in their appearance
from the common cow, excepting only that they are all
over white, or rather cream-coloured, and have black
or brown ears and muzzles. They may be approached
without fear or difficulty.

By the exertions of the Marquis of Douglas, the pa-
3

lace is now wholly separated from the town. The lat- HamUi
ter consists of a main street, running in a south-eastern II

direction, and forming part of the road from Glasgow ^""l"'

to Lanark. There are many cross streets, and indi- ' **

vidual houses with gardens attached to them. The pri-

son and town-hall are in the centre of the town, and on
the former there is a tolerable spire. The parish church
was built in 1732, from a design of Adams. It stands
upon a rising ground in the upper part of the town,
and is a very handsome structure, uniting stability with
lightness. Though by no means well seated, it is un-
derstood to accommodate about 1300 people. The
charge is collegiate, but the stipends of the ministers

have lately been equalized. Besides the parish church,
there is one belonging to the Relief Seceder.s, another to

the Burghers, and a third to the Antiburghers. The
schools are numerous. There is a large hall for a gram-
mar school. It was in this school that the celebrated
Dr William Cullen, the father of physic in Scotland, re-

ceived a part of his education ; and the traditionary re-

port of the townsmen bears, that he appeared at one of
the annual examinations in girls clothes, acting the part
of a shepherdess, in a Latin pastoral. Nor ought we
to omit, that Dr BaiUie of London, and the late Mr
John Millar, professor of law in the university of
Glasgow, are indebted for a portion of their fame, to

the instructions they received in the schools of Hamil«
ton.

The town is what is called a burgh of regality ; but
the appointment of the magistrates rests entirely with
the family of Hamilton. It is governed by a first and
second magistrate, with the assistance of a town-coun-
cil, treasurer, and clerk. The population of tlie town
was, in 1753, 3815 ; in 1792, 5017 ; and it is now above
7000 souls. Some years ago a subscription library was
established in Hamilton, owing principally to the zea-

lous exertions of Dr John Hume. The library is under
the direction of a committee of management, who are

chosen annually ; and the collection of books is multi-

farious and valuable. (A)

HAMMERSMITH. See Middlesex,
HAMPDEN. See Britain, vol. iv. p. 576.

HAMPSHIRE, Hants, or the County of Soulhamp- Boundaii*

ton, is a maritime county, situated on the southern and awfi
coast of England. It is bounded on the north by Berk-
shire ; on the east by Sussex and Surrey ; on tlie south

by the English Channel, and the sound, which sepa-

rates it from that part of the county, called the Isle of

Wight; and on the west by Dorsetshire. Its limits

on the south side are the numerous creeks and inlets

formed by the sea ; on the west and east they are

mostly artificial ; on the north they are chiefly compo-

sed by the rivers Enborsa and Blackwater. The figure

of Hampshire is nearly that of a square, with a trian-

gular projection at the south-west angle, resembling

the bastion of a fortification. Besides the Isle of

Wight, the islands of Jersey and Guernsey are inclu-

ded as parts of the county: its length, exclusive of the

projection of the south-west and the isle of Wight, is

about 42 miles, and its breadth about 38.

Hampshire is divided into 52 hundreds and liberties ; DivisflJB

these are subdivided into 356 parishes, precincts, ham-
lets, and tythings, the parishes alone being 253. In it

there is one city, Winchester, which is also the county

town, though Southampton is sometimes regarded in

that light. Besides Winchester and Southampton,

there are 18 other market towns, of which the princi-

pal arePortsmouth, Andover, Lymington, Christchurch,

Basingstoke, Alton, Fareham, and Romsey. Winches.
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• ter, Soiitliompton, Port'<moutli, Andover, Lymin^fton,

-' Christchurch, Stockbritlffp, Whitrhurch, nml I-eters-

fieltl, send fach two monibers to Parliament, «o that
the rounty sends in all twenty nieniliers to Parliament,
exclusive of those sent by the Is-le of Wiijht .- it pays 14
parts of the land-tax. Hampshire lies in the province
of Canterhuiy, and diocese of Winchester, and, with the
county of the town of Southampton, is included in the
western circuit.

i;id This county is justly rej^arded as one of the most
agreeable in England, being equally distinguished for

the goodness of its soil, the healthiness and mildness of
its climate, anil the beauty of its prospects. Tiie sur-
face is (inely varietl with "hills of gentle elevation and
fruitful vailies, adorned with numerous gentlemen's
seats and villages, and interspersed with numerous
woodlands. Its southern parts were the first peopled,
and tliere the population is still tlie greatest ; the mild-
ness of the seasons, and the convenience of the ports,

operating as strong inducements to continued residence.

The rid^e of chalk hills may be trace<l across the coun-
ty, passnig in the parallel of Winchester. The climate
in the higher parts is bracing and healthy, from the
clearness and pureness of the airj towards the sea, it is

mild, and rather moist.

The soil of Hampshire is extremely various, though,
for the most part, of a calcareous nature. On the bor-

ders of Berkshire, it is deep, of a good quality, and very
productive of corn and timber, particularly oak and elm.

On the acclivities of the hills towards Basingstoke, it is

also very deep and strong, with a calcareous subsoil.

Round Whitchurch it is less deep and chalky. From
Overton towards Stockbridge, and thence to Redbridge,
there is a beautiful vale, which is divided into well-

watered meadows. Round Andover the land is high,

and approaches to the nature of downs. Towards Hom-
sey it is more fertile. The coimtry here is very beau-
tiful, being interspersed with woods, and fine hedge-
row timber. The centre of the county in general,

may be described as consisting of land higher and more
chalky than the rest of the county, but liy no means of

an unfertile soil. On the borders of Dorsetshire, are

vast tracts of waste land covered with heath. The vi-

cinity of Redbridge is distinguished for its valuable salt

marshes. Down land is met with between Petersfield

anil Portsmouth. On the banks of the Itchin, are

some valuable water meadows. Perhaps the richest and
most valuable soil in this county is near Alton.
The principal rivers in Hampshire, are the Itchin, the

Avon, the Boldre Water, the Exe, the Anton, and the

Tesse, or Test. Several smaller streams rise in the north-

west parts of the county, but these soon quit it in their

course to the Thames. The Itchin rises near Alresford,

near the centre of the county ; and after passing Win-
chester, it unites its streams with the water of South-
ampton, about half a mile to the east of that town. The
Avon enters the county from Wiltshire, near Fording-
bridge, and coasts the edge of the New Forest. This
part of its course is thus not only well wooded, but en-

livened by the numerous villas that ornament its banks.

After passing Ringwood, it flows through a less inter-

esting sandy level towards Christchurch. Below this

town, it receives the waters of the Stour from Dorset-

shire, and with them falls into Christchurch bay.

The Bolder Water is formed by various springs rising

in the New Forest, which uniting, pass Boldre and I.y-

mington to the sea. The Exe also rises in the same dis-

trict, and opens in a broad estuary to the sea, below
Exbury. The Anton risea in the north-west angle of

the county, «nd flowinpf through Andover, run* into M«
the Tesse about a mile below Whirwell. The TcMe
has its origin below Whitchurch ; and after its junc-
tion with the Anton assumes a soutlierly coune, and
passing .Stockbridge and Itom'ny, receive* several (mall
streams from the New I ir Heilbridge. Below
this place it expands ci. , y. and t(>rm<i the h«ul
of Southampton Water. 'J'liiii, pr :^', itan
arm of the sea, extending from iil j>ton to
Caldshot Castle, and rendered very picturesque by ita

woody and irregular banks. Its whole extent is near-
ly 10 miles. Near .Southampton, it is aliout four mile*
broad. It is navigable almost to the head for veMcU of
considerable burden ; and the two principal river*

which floAv into it, admit small craft some way up into

the county. On tracing the sea coast from the east,

we come to Portsea islaml, a low tract of considerable

extent, separated from the main by a sha'low creek,

over which a bridge is built. On this island Ports-

mouth is situatetl. Off the point of land terminating

this peninsula, is the noted road of Spithead, where the

men of war anchor when prepared for actual service.

From thic, on the east side, commences Trissanton Bay,
or Southampton Water.

There are very few mineral substances found in this Mmtnl
county. On the southern shores, iron-stone was for- ptoductioofc

merly gathered in some quantity, which seems to have
been rolletl up by the surf. Between Milton and Christ-

church a hard reddish stone is found, apparently calca-

reous, tinged with the oxide of iron. Several ancient

.structures in the county are built with it. Chalk of va-

rious qualities and colours is worked in different parts.

Potters' clay is met with in great abundance in Pool-

heath, at various depths, from 10 to 20 feet. From the

circumstance ofthis heath bearing all the external marks
by which the heath of Purbeck is distinguished, and
their being divideil only by Pool Water, it is not impro-
bable that the Hampshire clay will be found equally

valuable and useful as the Purbeck.

Hampshire is distinguished as an agricultural county L^njej
for its fine corn, especially wheat ; its hops, cattle, propcrtf,

sheep, wool, bacon, honey, timber, and the extent and
excellent management of its water meadows. The lar-

gest estates and farms are in the chalky parts of the
coimty. The largest estate, however, does not exceed

£ 8000 per annum. Tenures are various. Those es-

tates, which formerly composed the demesne lands of
the see of Winchester, are granted by the bishop as free-

holds for three lives, and generally renewed to the fa-

milies who hold them for many generations. These
estates consist chiefly of ancient manors and houses, to

which certain feudal rights still appertain. Copyhold
tenures are granted from manors vested in the church,

or by the lay proprietors. There are also lands hejil on
lives by lease, or indenture. Other leases are for 2 1 and
14 years; but here, as in other parts of England, the

practice i.s extending of letting lands only at will. The
average size of farms in the county is small, probj»bly not Finni.

exceeding 200 acres ; and certainly, if tlie chalk dis-

tricts are excluded, not reaching that extent. The
ploughs are various ; but principally with one or two
wheels, and by no means constructeil ongooil mechanical

principles. There are a few thrashing machines in the

county. The chief part of Hampshire is inclosed,

though large tracts ofopen heath and uncultivateil Und
remain in the vicinity of Christchurch, and on the bor-

ders of Dorsetshire. The aggregate extent of the waste

lands, exclusive of the forests, is supposed to amount to

nearly 100,000 acres.
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Hops,

Water mW'
dows.

Hampshire. In Hampshire a considerable quantity of land is an-

nually sown with wheat, which is cultivated with great

skill ; its quality is excellent. Barley is grown princi-

pally on the lighter soils and higher ground. The soil

round Andover is very favourable to the growth of this

grain. It is generally sown either after turnips, or a

winter fallow. In the cultivation of oats, the Hamp-
shire farmers do not display much agricidtural skill,

since, for the most part, they are sown after one or two
white crops. Beans are not much cultivated, even up-

on soils well adapted to them. The white pea is grown
to a considerable extent in various parts of the county ;

the cultivation is well understood ; and the produce

abund=int and valuable. Turnips are extending ; but

their culture is not yet nearly so general as it might,

or ought to be ; nor is it well understood. Potatoes

are grown in almost every part on a good plan, and
with abundant produce. The utility and value of the

calcareous soils in Hampshire are very much increased

by the growth of sainfoin on them. This plant seems

to have been long known here, and its culture is well

understood. The parishes to the east of Alton, on tlie

borders of Surrey, are chiefly appropriated to the growth
of hops, the plantations of which have been greatly in-

creased lately, chiefly in consequence of the high cha-

racter of the hops grown at Farnham, in the immediate
vicinity of Alton ; the Hampshire hops, in a great de-

gree, partaking of this character. The hop grounds
are supposed to occupy 800 acres. The water mea-
dows, as has already been noticed, are numerous, ex-

tensive, and extremely well managed. They are made
at first at the expence of £5 or £6 per acre ; and the

expence of continual repairs is very considerable. But
they pay the farmer well. They are usually shut up
in November, or the beginning of December ; and are

watered every alternate week, till the beginningof March,
when they are pa^tuied for about five or six weeks
with ewes and lambs. An acre is considered equal to

the feeding of 400 couples for one day. They are shut
up about the beginning of May, and produce at the re-

gular season an abundant crop of hay. Perhaps the
largest and finest tract of water meadows in the county
lies on the banks of the Itchin, extending from the
north side of Winchester, through Twyford and Otter-
burne, towards Bishops Stoke.

Gardening is carried to a considerable extent in the
neighbourhood of all the large towns : Portsea island
is supposed to produce the finest broccoli in the king-
dom. Orchards are not common or productive in the
woodland or chalky districts ; but on the marly and
clay soils, in the south, and south-western parts of the
county, they are more common : even here, however,
little or no cyder is made for sale, the farmer content-
ing himself with making two or three hogsheads annu-
ally for the use of his family. A considerable portion
of Hampshire is occupied by the forest of Alice Holt
and Walmerj the forest of Bare, and the New Forest:
the first is divided into two portions by intervening
private property, ore part containing 15,493 acres, and
the other 2,744.. This forest is situated on the bor-
ders of Surrey and Sussex. The forest of Bare ex-
tends northward from the Portsdown hills, including
about 16,000 acres. The ancient boundaries of the
New Forest included the whole of that part of Hamp.
shire, which lies between Southampton water on the
east, the British Channel on the south, and the river
Avon on the \Vest. By a perambulation on the 22d
of Charles II. it was ascertained that it extended from
Godshill on the north-west to the sea, on the souths

gardens
and or-

chards.

Woods.

Xtw Fo-
lett.

east about 20 miles, and from Hardley on the east to

Ringwood on the west, about 15 miles, containing

within those limits 92,365 acres : of these 24,797 be-

long to individuals; 901 acres are encroachments;

11 92 are inclosed land in the possession of the master,

keepers, &c. ; and the remainder, being about 63,845

acres, constitute the woods and waste lands of the

forest. Its officers are a lord warden, a lieutenant, ri-

ding forester, bow bearer, two rangers, woodward,
under woodward, four verderers, high steward, imder
steward, 12 regarders, 9 foresters or master keepers,

and usually 1 5 under foresters. The quantity of tim-

ber supplied by this forest for naval purposes from
1761 to 1786 was 23,000 loads of oak, and 7003 loads

of beech ; and the number of deer killed annually is

about 76 brace of bucks, and 1 7 brace of does. The
timber was so very much neglected, that, in the year
1 SOO, an act of parliament was passed for its increase and
preservation. The scenery of the New Forest affords

as great a variety of beautiful and picturesque land-

scape, as can be met with in any part of England, of
the same extent. The oaks seldom rise into lofty

stems, but their branches are adapted for knee timber,

and are commonly twisted into the most picturesque

forms. The Cadenham oak is regarded as one of the
curiosities of the forest, the buds appearing every
year in the depth of winter. The advantages which
this forest derives from its situation, in respect to

conveniency of water carriage, are superior to those

of any other forest in England ; in its vicinity are ma-
ny places for shipping timber, amongst which are Ly-
mington, Beaulieu, and Redbridge, with the addition-

al advantage of the remotest of those places being
little more than 30 miles from the dockyard of Ports-

mouth.—Hampshire is remarkable for the great quan-
tity and excellent quality of its oak bark, supplied

chiefly by the tijnber in the New Forest.

Hampshire does not possess any peculiar or specific

breed of cattle ; the Sussex, Suffolk, Hereford, Gla-

morgan, and North and South Devon, are chiefly era-

ployed for draught, and the Norman for the dairy.

Cows kept for the latter purpose are rented out to dai-

rymen at from £7 to £9 per cow, per annum. In the

woodland district of ^the county, the heath sheep are

sometimes met with ; but the most common in other

parts are the Old Hampshire, something resembling the

Dorsetshire in their size, shape, and qualities, and the

New Leicester. The Wiltsliire and Dorsetshire are al-

so kept for the purpose of house lamb. On the Downs,
the South Down slwep are spreading fast. Hampshire
has long been justly celebrated for the excellency of

its bacon. The native hog of the county is a coarse,

ill-fattening animal, from which neither much nor good
bacon would be expected ; but tite mart, and other food

which the forests produce, and the excellent mode of

curing in practice, have contributed, in a far greater

degree, to establish the superiority of Hampshire ba-

con, than any inl\erent excellence in its native breed

of hogs. These, however, have been greatly improved
in form and quality, by crosses with the Berkshire, Suf-

folk, and Chinese breed.

In this county, there are three distinct series of ca-

nals, two of which terminate in the water of Southamp-
ton. The north-western part of the county has also

been much benefited by the Kennet navigation, leading

from Newberry to Reading. The Basingstoke canal

commences at that town, and falls into the river Wey
near the village of Westley ; it is something more than

37 miles in length, with a fall of 195 feet. The Audo-

HampslL;
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ver and Retlbrklge canal begins near the former place,

and tails into the Southampton water near the latter.

Its length is 22^ miles; its (all, 176 feet 9 inches. A
collateral branch is navigable to within 2 miles of Sa-
lisbury. The Winchester and Southampton canal is

one of the most ancient in the kingdom. The act for

making it was obtained in the reign of Charles I.

There are several fish-ponds in Hampshire, particularly

on the wet soils on the borders of Surry. These ponds
are usually stocked with carp and tench ; and, m fa-

vourable circumstances, five acres of water will support

1250 brace of these fish, until the stock are fit for mar-
ket, and have obtained an average size of 2 lb. per
brace, and consequently weigh 2500 lb. ; which, at 9d.

per lb. the price at which they are usually sold to the

London fishmongers, will amount to £93, 15s. the value

of five acres of land so employed for three years.

The manufactures of Hampshire are not very consi-

derable or numerous. At Alton, there are manufactures
of serges, and a variety of worsted articles, bombazines,

&c. Worsted yam is spun in this town and neighbour-

hood. Nearly the same kind of manufactures exist at

Alresford. Basingstoke is distinguished for its manu-
factures of malt and leather. At Overton there is a

silk mill of considerable magnitude ; and in this part of

the county the young female peasantry are much em-
ployed in making straw hats. The paper mills near

Overton are famous for being employed in making pa-

per for the notes of the Bank of England. There are

also paper mills in other parts of Hampshire. Ando-
ver is remarkable for the large quantities, as well as for

the excellent quality, of the malt made in it and the

vicinity. Its former manufacture of shalloons is on
the decay. A considerable quantity of yam and wor-

sted is spun in this part for the manufactures at Salis-

bury. Stockbridge is noted for wheelwrights and
carpenters. In Winchester, many people are em-
ployed in the manufacture of light silk goods, and

m preparing and winding the silk. The manufactured

goods are principally used for umbrellas. Romsey is

famous for its beer; the manufacture of shalloons is

greatly decayed ; considerable quantities of sacking

are made. At Fordingbridge, there is an extensive and
flourishing manufacture of striped bed ticking ; nearly

two-thirds of the inhabitants being employed ift spin-

ning, bleaching, weaving, &c. ibr this manufacture.

Knit silk stockings, and a watch chain manufactory, par-

ticularly distinguish Christchurch. At Lymington
there are very extensive and valuable manufactures of

culinary and medicinal salts from sea-water. South-

ampton was formerly famous for its trade in French

and port wines ; but this is in a great measure gone to

decay. At Famham, tliere are manufactures of bricks,

tiles, chimney pots, and sacking and cordage. There

is one fair in Hampshire which <leserve8 particular no-

tice. This is held at Wey-hill, in the hundred of Ando-

ver. It commences tlie day before Michaelmas-day,

and is one of the largest in the kingdom for hops,

sheep, and cheese. Upwards of 140,000 sheep have

been sold in one day. The Farnham hops are almost

entirely sold here. The fair generally lasts 6 or 7 days.

The isle of Wight must be particularly noticed. It

is separated from the main land of the county by a chan-

nel varying !rom 2 to 7 miles in breadth. Its form is

that of an irregular lozenge. It is nearly divided into

two equal parts by the river of Corves. Through the

middle of it, in the longest direction, extends a range

of downs. The eastern and western parts of the island

VOL. X. TAKT II.

are almost cut off from the body liy nrmn of the wa. Hamptklr*.

Its length from east to west is about 22 mile* ; tt«
'"""^J""'

breadth 13 miles; its circumference about (j. It con- !il!f?(

tains 105,000 acres, of which 75,000 are in • couneof
'*'•"'•

tillage, 20,000 in pasturage, and the remainderdowns and
waste. It is divided into two hundreds, one market
town, Newport, and 3 boroughs, returning each two
members, Newton, Newport, and Yarmouth. The
other towns of consequence are Corves and Ityde. It

contains 30 parishes. The face of the country is very
diversified. The land round the coast being ui some pU-
ces very high, particularly on the south or back of the
island, where Uiere are steep cliffs of chalk and freestone,

hollowed out into caverns. On the north side the
groinul slopes to the water in easy declivities. The
western side is fenced with ridges of rocks, of which
the most remarkable are those called, from their sharp
extremities, the NeetUes. The height of the cliffs in

the north-west is, in some places, (lOO feet above the

level of the sea. They are frequented by immense
numbers of marine birds. Between the island and the

mainland are various sand banks, especi;illy off the

eastern part, where is the safe road of St Helens.

The land to the north of the ridge already mention-
ed, is chiefly pasture. To the south of it i> a rich arable

country, producing great crops of com. It is said

that the grain annually grown here is sometimes great-

er than the consumption of the island. The farms are

small. The crops usually obtained are wheat, bar-

ley, oats, beans, turnips, clover, &c. ; the prevalent soil,

a strong loam on a dry subsoil, being well calcula-

ted for all these crops. The butter made here is excel-

lent : the cheese, the worst in England except the Suf-

folk. The cattle are the Devonshire and Aldemey

;

the sheep mostly Southdown and Dorset. On the

downs a great number of fine-fleeced sheep are fed,

about 40,000 being annually shorn, and about 50»JO

lambs sold. Rabbits are very plentiful. The climate

is almost proverbially mild ; and as the scenery is

scarcely equalled in any part of Europe, this isle is a

favourite residence. There are not many woo<ls. The
most extensive are those of Swainston, Wooten, and
Quarr. The chief rivers are the Medina, the Yar, and
the Wooten. The Medina, passing Newjwrt, falls into

the sea at Corves : the Yar falls into the Channel at

Yarmouth : the Wooten falls into Braden's harbour.

There are also various creeks and bays Great variety

of fish is found on the coast, particularly lobsters

and crabs. The cockles are much celebrated, and the

sandeel is very plentiful.

Among the products of this island are to be reckone<l

a pure white pi|)e-clay, and a fine white crystalline

sand. Great quantities of the latter are exported for

the use of the glass-works. Alum formerly was manu-
factured in some of the western coves of the island.

By the returns respecting the poor-rates in the year Poor r»i»

1803, it appears, that in the whole c-ountj-, including in iao8«nJ

the isle of Wight, £153,427 was annually raised for >8*'*>

poor and other rates. The average rate in the pound

on the rack-rental was 4s. S^d. £130,983 was actually

expended on account of the poor. The number of

friendly societies was 62, containing 4733 members.

The number of children in schools of industry amount-

ed to 614. In the year ending '25th March 1S15, the

sum raised in this county for p<x)r and other parochLiI

rates amounted to £211,557, making an increase since

1803, or in the space of 12 years, of £58,130, or neur-

ly 30 per cent.

4 K
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Hampshire, At the invasion of the Romans, great part of Hamp-
Hampshire,

gjjifg -^.g^ possessed by the Regni and Belga'. TJie lat-

'--^t'^"._
^^^ k^P* possession of it for CO years after the first land-

History. '"g "^ *''^ Saxons ; afterwards it formed part of Wes-
sex. The most i-emarkable antiquities in the county

are Netley Abbey, near Southampton, founded in the

Anlinuitics. yc^"" 1239. The ruins of this abbey, situated as they

are on the declivity of a hill, rising gently from the

water, and environed by most beautiful wood scenery,

form a very interesting object. The cathedral of Win-
chester, curious as an instructive example of architec-

ture; the chapel of our Lady, the choir, and a magni-

ficently carved screen in stone work, are particidarly

celebrated. The college of William of Wykeham, at

Winchester, is also a remarkable building, independently

of their character and utility as a seminary. Hurst and
Carisbrooke castles, the latter in the isle of Wight, are

remarkable for having been the prisons of Charles I.

Population. -pj^g following results, respecting the population of

this county, appear from the returns made in the year

1811:

Houses inhabited, 43,010
Families occupying them, 50,91 fi

Houses building, 44'

1

i.. uninhabited, 1030
Families employed in agriculture, . . . 21,401

manufactures, &c. 18,024——— not comprised in tlicse classes, 1 1,481
Males, 118,85.5

Females, 126,235

Total, 245,080
Population in ISOl, 226,900
Increase, 38,180

See Vancouver's Agriculture of Hampshire ; Beauties of
Evgland and Wales, vol. v. : Worsley's Isle of IVight

;

and Gilpin's Forest Scenery, (w. s.)

HAMPSHIRE, New, one of the northern states of
America, is bounded on the north by Lower Canad.i,
on the east by Maine and the Atlantic Ocean, on the
.south by Massachussets, and on the west by the west
bank of the Connecticut. It extends from north to
south about 1 68 miles; its greatest breadth is 90 miles,
and its breadth at its northern extremity 1 9 miles. It has
1 8 miles of sea coast, and a superficial extent of 9491
square miles, or 6,074,240 acres.

This state is divided into six counties, viz.

No. of Population Principal Popula-
Counties. Towns. in 1810. Towns. tion.

Coos ... 24 3,991 Lancaster 717

Grafton . . S5 28,462 fHaverhill 1,105

{^
Hanover 937

Cheshire . , 35 40,988 JCharleston 1,501

„.„, ^
'" iKeene 1,646

HiUsborough 42 49,249 Amherst 1,554
r Exeter 1,759

Rockingham 46 50,175
-J
Portsmouth 6,934

t Concord 2,393

Strafford . . 31 41,595 JS"T ^^'^^^

lUurham 1,449

Total . . .213 214,460

Islihdt.
The Isles of Shoals, which are about eight in number

belong partly to New Hampshire and partly to Massa-
chussets. They were discovered by Captain Smith in
1614, and are situated 9 mUes S. E. of Portsmouth

SHIRE.
light-house. They consist chiefly of barren rocks, and Ilampdii,

are inhabited only by about 100 souls, who subsist by ^'e»'

fishing. The dumbfish, which is caught here, is in tlie ^""^f^

highest estimation. Before the American war, the
fishing was carried on by about 6OO inhabitants.

The shore of this state is principally a sandy beach. General 1

within which are many salt marshes intersected by pecU

creeks. The county is mountainous, or consists of hill

and dale for about 20 or 30 miles from the coast. At
the distance of 30 miles from the coast, commences the
first range of mountains called the Blue Hills. Seve-
ral detached mountains of considerable elevation rise

beyond these. Another range succeeds, and the prin- Mountair
ci))al range, called the White Mountain range, lies be-
tween the Merrimac and the Connecticut. The moun-
tains are almost all covered with wood. Mooseliil-
loikj the loftiest in the main range, is 4500 feet high.
Sunapee is farther south in the same chain, and still

farther to the south rises Monadnoc, which is 3254
feet in height. Its base is 5 miles long from north to
south, and its breadth 3 miles. Volcanic appearances
are distinctly presented in different parts of the moun-
tain. In 1730, the garrison of Fort Dummer heard
fre(juent explosions, and saw columns of fire and smoke
issuing from the mountains. Similar phenomena were
seen in 1732. 1

The soil of this state is extremely rich and fertile. Soil and ij
Tiie lands on the large rivers afford immense crops of gricuUur«4

hay, and a single acre will produce 40 or 50 bushels '\

of wheat. The uplands yield only about 20 bushels,

but they afford very rich pasture.

The principal rivers in this state are the Connect!- niTen.
cut, the Ameriscoggin, the Saco, tiie Merrimac, the
Contoocock, the Piscataqua, and the Upper and Lower
Ammonoosuc. The three first have tiieir origin in

New Hampshire. The Merrimac rises in the Moose-
hillock, at Sanborntown, where it receives the Win-
nipeseogee, and takes the name of Merrimac, and falls

into the sea at Newbury Port after a course of 100 miles.

Canals have been formed at the Hookset falls, 8 miles

below Concord, where the river falls 15 feet in 30
roods, and also at the Amoskeag fall, 8 miles lower
down, where the river makes three large pitches,

amounting in all to 80 feet in half a mile. The Con-
toocock, which is the principal tributary stream of the

Merrimac, rises in Massachussets, and joins the Merri-

mac a little above Concord, after a course of (50 or 70
miles. The Piscataqua rises in the north east corner

of Wakefield, and falls into the sea after a course of 50
miles. In 1794, a bridge was built over the river

about 6 miles above Portsmouth. It is 260O feet long,

and is built chiefly on piles. The rest is a magnificent

arch of244 feet span over water about 46 feet deep. The
expence of it was 68,000 dollars. The Upper Ammo-
noosuc rises on the north side of the White Mountains,

and after running 35 miles, it throws itself into the

Connecticut at Northumberland. The Lower Ammo-
noosuc rises on the west side of the White Mountains,

and after a course of 40 miles, it empties itself into the

Connecticut between Bath and Haverhill, where its

width is 300 feet.

The principal lakes in this state are the Winnipiseogee, Lakes.

which is about 24 miles long, and from 3 to ] 2 broad ;

the Umbagog, the next largest, which throws its wa-
ters into the Ameriscoggin ; the Squam Lake, whidi
is 5 miles long, and 4 broad ; the Ossapee, which runs
into the Saco ; and the Sunapee, which is 8 miles long,

and 3 broad, and runs into the Connecticut.

The principal towns of New Hampshire are Eorts-

5
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• Lire, nioiitli, Exeter, Concord, Cliarlcston, Dartmouth, tin-
'^ verliill, and Kccne. Pnrtsviouth, ihc principal town, is

. situated on the south bimk of tlie I'iscataqiw, nhoiit
two miles from its moutli. Its harbour can liohl vcs-
sels of any size. It lias a state-hou^e, a work-liouje,
two banks, tlirce conj^re^jational churches, one ei)isco-
pnhan, and one universalist church. Exeter is situated
at the head of tlie navigation, on the Swamscot, a branch
of the I'iscataqua, which will admit vessels of 500 tons.
It has a court-house, a gaol, two congregational church-
es, and an academy, which was incorporated in 1781.
It is in great reputation, and has about 70 students,
and funds amounting to 80,000 dollars. Concord is a
thriving and agreeable town on the west bank of the
Merrimac, which is here crossed by two bridges. It

is rising rapidly into importance, and will probably be-
come the permanent seat of government. Cluxrleston,

which consists of one street, is pleasantly situated on
the Connecticut. It has a church, court-house, and
gaol. The village of Dtntiy.milh in Hanover stands in

an elevated plain about 36' miles above Charleston. It

is well built, and is laid out in squares. It has an aca-
demy, a church, a college and chapel, with 2135 inha-
bitants. Haverhill is situated at the lower Coos, a sin-

gular bend in the Connecticut. It has two churches
and a court-house. Kccne is a beautiful little town,
pleasantly situated a few miles to the east of the same
river. It has a church, court-house, and gaol.

MOiiouth The college of New Hampshire is situated in Hano-
sge. ver, on a plain about lialf a mile east of Connecticut-

river. Its charter is dated 1769, and it received the
name of Dartmouth college from the Earl of Dartmouth,
one of itsprincipal benefactors. Its annual revenue is

[
about 1.33,3 dollars, arising from about 80,000 acres of

' land. There are here professorships of divinity, civil and
ecclesiastical history, mathematics, natural philosophy,

chemistry, and medicine. A large brick edifice has lately

been erected for the medical establishment. The num-
ber of under graduates is upwards of 170, besides 50
who attend the medical lectures. The college has a
good chemical and medical apparatus, and the library

contains about 4000 volumes.

;;.ic- The principal manufactures in tiiis state are linen
"d and woollen goods, iron articles, pot and pearl ashes,

""•• maple sugar, bricks, and pottery. The iron works are

established in the township of Franconia, but they do
not supply the home consumption.

The chief articles of export are timber of various

kinds, dried and pickled fish, whale oil, tar, flax seed,

beef, corn, oxen, cows, horses, sheep, bricks, and pearl

ashes. The amount of exports in 1 79S, was 723,24-2

dollars, and in 1810, 23+,6,50. The articles imported
into New Hampshire are West India rum, gin, molasses,

wine, porter, sugars, tea, coffee, cotton, cheese, nails,

cordage, salt, sea-coal, steel, lead, and grindstones.

About 27 schooners, and 20 boats, with 250 men, are

annually employed in the fisheries, exclusive of those

in the islands already mentioned.
HI The inland trade of this state is greatly facilitated by

^^^ laany canals and turnpike roads. There are two canals

^H^ in Connecticut river within the limits of the state,

^^' wliicli open up a communication for nearly 'J50 miles

^^R. from its mouth. Another canal has been cut for eight

^V miles through the marshes of Hampton and Salisbury,

^P which meets the Merrimac Opposite Newbury port.

Ect^ The executive power of this state is vested in a go-

nent, vernor and council. The governor, who is elected an-

nually by the people, must be worth £500. The coun-

cil consists of five persons, two chosen by the senate,

and three by tiie reprcM-ntativc*. The m-iwIp mn^i(«M of ll*mpJiiir
twelvemembers, each of whom must be » sn
of .taOO. Kvcry town that contains I.On t

sends one representative, who inUHt be V ,.

»i .nilft.

The judiciary co<irtconsii»ts of five jui I;, laVc
'""'

two circuits annually. There is an intirioi

each county that aiU four time* a year, and ,

judges. All judges hold tlicir office during tJieir -j^uwA

behaviour.

The principal religious sects in this state are the u ,

CongregationalisU, Presbyterians, Episcopalians, Uai>.
tists, (Jniversalists, and (Quakers.
New Hampshire was di.^covered in 16U, by CapUin iiutory.

.John Smilii. It was granted to Captains Nlajion and
Gorges in 1622, under the name of Lacoiiia, and liic

first settlement in it was made in 1()23, at the moutJi
of the Piscataqua, and also at wliat is now called Dover.
In .September 1679, it was separated from MossachusseU
and made a royal government. In I78+, its present
constitution took effect.

The following is the population of this sUte from PopuUtioo.
1749 to 1810:

inhabitants. Inhabitants. Inbabiunt*.

1749 30,000 1775 82,000 1800 183,858
1767 52,000 1790 141,885 1810 214,4«0

New Hampshire is now the 14th of the United States
in point of population. In 1810, the number of inha-
bitimts below 16 and 45 years of age, was 39,396. Sec
Morse's Universal Geography, Svo. p. 124.
HANAU is a town of Germany, and formerly ca-

pital of the county and principality of Hanau Munzen-
burg. This beautiful town is divided into the old and
new town, the former of which was built in 1303, and
the latter in 1 597, by the Walloons. The town con-
tains several churches, and the palace in which the
reigning Landgrave of Hesse Cassel has apartments

;

but he generally occupies a small house at Wilhelrasbad
wlien he comes to this part of the country. The gar-
den of the nalace, the pleasure house of Philippsnihe,
and the batns of Wilhelmsbad in the neighbourhood of
the town, are deserving of notice. Hanau contains

manufactures of earthen ware, tobacco, woollen stock-

ings, playing cards, arms, and articles in steel. Popu-
lation 11,000.

HANDEL, George Frederic, a celebrated com-
poser, was born at Halle in Saxony, in the year 1684.
His father, an eminent physician, designed him for the
study of the law ; but the decided propensities which
he disp ayed for music at an age when youthful genius
rarely begins to expand, speedily demonstrated that his

intentions would be disappointed. Handel is said to

have privately resorted to a clavichord, an instrument

strung with catgut, resembling a piano-forte, in a re-

mote apartment, and continued playing u|)on it when
the rest of the family had retired to sleep. His father,

therefore, was induced to place him under tlie tuition

of the organist of the cathedral ; and at only nine years

of age, he is said to luve composed some motets which
were adopted in the service of the churches. Distin-

guished musicians have sometimes exhibited similar

precocious talents, but they seldom attain proportional

excellence in maturer age : and if we athnire the pro-

ductions of children, it is generally in forgetting how
much they would be undervalued were they the com-
positions of men.
The improvement of Handel, however, was great and

rapid, and was strikingly displayed in the composition

of an opera at the early period of fourteen, while he
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Handel, filled the osteifcible situation of manager of the Ham-
""V"^ burgh theatre. He was promoted to this situation in

consequence of the flight of Keisser, the regular mana-

ger, wl>o had attempted to assassinate him. Having com-

posed the operas ofAlmeria, Florinda, and Nero, Handel

proceeded to Florence, where he prudently resisted the

consequences of an attachment, which an actress, who
was mistress to the Grand Duke, had conceived for him

;

and repairing to other parts of Italy, he formed an ac-

unaintance with Corelli and Scarlatti, famous musicians

of that era. Then travelling to Hanover, he obtained a

considerable pension from the Elector, afterwards Geo. I.

of Britain, and arrived in London in 1710.

His fame had already preceded him, and he enjoyed

high favour at court. Some of his compositions were
intended for the practice of queen Anne ; and when
he returned to Hanover, after urgent solicitations by
the admirers of music to remain in England, she dis-

missed him with a pension and valuable presents.

After a short interval, Handel revisited Britain, where
he was more caressed than ever, and where his musi-
cal reputation began to extend. He first resided with

the most distinguished persons, composing for perform-

ances, and managing some concerts for the nobility
;

and afterwards a society, called the Royal Academy,
was instituted, by a subscription of £ 50,000, to which
the King contributed £1000, for the execution of his

works.
Handel now went to Dresden, in quest ofperformers

for this great establishment, where he engaged a native

of Siena, Francesco Bernardino Senesino, and Margari-
ta Durastanti, two singers of celebrity, with whom he
opened the Academy. But he had to contend with two
fonnidable rivals in composition, Bononciniand Attilio,

whose works were performed with applause in the Hay-
market'theatre. The friends of these three musicians,
therefore, in order to decide their respective merits,

agreed that each should compose the music for an act

of an opera, called Muzio Scsevola, of which the third
fell to Handel's share. Public opinion unanimously de-
clared in favour of the last ; and it has been observed,
that the performance of one of Handel's operas after
those of the other two, " is going from Arabia Petraea
to Arabia Felix ; from barren rocks to spontaneous fer-
tility." Handel, therefore, held imrivalled possession
of the stage. Some years afterwards, having profited
by the talents or Francesca Cuzzoni, a female singer, of
whom it was said, " that her intonations were so just
and fixed, that it appeared as if she could not sing out
of tune," he engaged Faustina, a young, beautiful, and
interesting Venetian. But a rivalship commenced be-
tween them, and the audience participated in it so keen-
ly, that, amidst the violence of partisans, the merits of
the institution were altogether obscured. Each was
supported with indiscreet and indecent zeal ; and one
of them having become refractory, Handel, from a pre-
vious example of the same in Senesino, refused to com-
pose for this singer, and obuined his dismissal, proba-
bly in order to intimidate the others. By this, and
some arrangements of a different kind, he offended
the directors of the Academy, which led to its dissolu-
tion in nine years from its commencement.

Handel, however, endeavoured to carry on an opera
at his own expence, while a rival amusement, patroni-
sed by many of the leading persons of the metropolis
was established m Lincoln's Inn Fields. But his suc-
cess did not correspond with his expectations ; and al-
though he continued to compose with great facility and

expedition, his productions were at length performed to Handel

empty houses. Neither did his opponents experience '""Y"""*!

better fortune ; from wliich we may infer, that the
English taste for operas was beginning to decline.

Handel produced no less than thirty operas between
1721 and 1740; but in the latter part of this period,

both his health and his fortune were so deeply impair-

ed, that he left Britain to visit the baths of Aix-la^Cha-
pelle.

Having returned to London in a state of convales-

cence, Handel began to direct his attention more parti-

cularly to another species of composition, oratorios, or

sacred dramas, in which he expected, by the simplicity

of songs, and the grandeur of chorus, to command that

public notice which was denied to lighter compositions.
The Messiah was performed at Covent Garden in 174il,

and it will scarcely be believed, after an interval of
70 or 80 years, that it was but indifferently recei-

ved. The inhabitants of Dublin, however, to whom
the author had it performed for the benefit of the pri-

soners of that city, viewed it differently ; and it was af-

terwards repeated in England to the most crowded au-
diences with unbounded applause. Many other orato-

rios followed in rapid succession, of which the majority
were favourably received. The tide of public favour

Was restored to its original current, and Handel's merits

gained their due appreciation. But some of his pro-

ductions were nevertheless so little adapted to general
taste, that the late King George II. attended them
almost alone, when abandoned by the rest of his

court. Handel annually superintended the performance
of the Messiali, with laudable liberality, for the benefit

of the Foundling Hospital, which produced above £500
yearly.

In the yearl 751, he was attacked by gutta serena; and
from the moment that apprehensions for his sight were
entertained, his spirits and vigorous imagination desert-

ed him. An operation proving unsuccessful, liis me-
lancholy increased ; and he was obliged to resort to ex-

traneous assistance for the management of his oratorios.

Years were now crowding upon him without bringing

any alleviation ofhis disease ; and when he, whose works
had so often charmed an admiring audience, was led

forward to make his obeisance ; or when his own com-
position—" Total eclipse—no sun, no moon—all dark
amid the blaze of noon,"—was performed, it is difficult

to determine whether he himself or the spectators were
most affected.

Handel was attacked by a general debility in 1758,
and from that time he considered his own recovery as

hopeless. Nor were his anticipations wrong, for he ex-

pired in April 1759, in the 76th year of his age. He
was entombed in Westminster Abbey, and a statue was
erected to his memory, as one, erected in Vauxhall

Gardens in 1738, had already celebrated his genius.

In person he was large, and rather corpulent and un-
graceful ; and in manners he was rough and impetuous.

Over his performers he exercised a magisterial sway,
exacting implicit obedience in the fulfilment of their

respective duties ; but it is probable, that posterity has

heard his music to even greater advantage than was
done by himself. He had no prominent vices however,

and he practised many virtues. Handel died possessed

of considerable wealth for the period, and what must
be esteemed great for a musician, whose fortune was
once ruined ; he left about £ 20,000, of whi«h £ 1000
was bequeathed to the Society for supporting decayed "^''

musicians, instituted in London in the year 1738. "This
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Society derived £, 6000 more, from the profitii of a
prnnd commemoration in honour of Handel, perform-

ed by .'5'2;> voices and instruments in Westminster Ab-
bey, ill 1784.

Handel's merit as a composer ranks very liigh ; and
few if any have excelled him in that particular path

which he latterly chalked out for himself. The style of

music indeed, has undergone inconceivable alterations

since his death ; but many of his compositions are even

at this day heard with tlclijflit, though a century has

elapsed since tiieir production. His music is alike su-

blime in one character, and pathetic in another ; and so

long as simplicity and grandeur are valued by mankind,
they will never lose their impression. The quantity

that Handel wrote is surprising. It certainly cxcce<is

what has flowed from the pen of any other compo-
ser, however voluminous his works ; and it is so

great, tliat we must be content with observing, that

he produced between 40 and 50 operas, between
20 and 30 oratorios, besides organ concertos, and other

music. A complete edition of the whole, we believe,

was published a few years ago, in 80 folio volumes. Al-

though a large proportion of Handel's compositions are

excellent, it is undeniable that many seem dull and
heavy to modern taste ; and the reiteration of favourite,

or what he might conceive appropriate passages, cer-

tainly impairs their effect. The Grand Chorusses of the

Messiah, the Coronation Anthem, Farewell ye lim-

pid streams, Angels ever bright and fair, and nume-
rous others, can never be listened to without emotion.

Yet Handel, with all his excellence, committed that

egregious error to which musicians are so prone,—he
wrote too much. It is vain to expect perpetual novelty

in thoughts or actions ; the inexhaustible renewal of hu-

man genius does not exist, or it appears only in arrange-

ment. Nature has bestowed but a trifling portion of

originality on any individual, however comprehensive

his intellect ; and so soon is that of composers betowed
on their works, that extravagance and caprice are offer-

ed for what is already exhausted. They enjoy a lati-

tude, it is true, which is denied to literature or paint-

ing. These must be guided by certain principles which
are special and defined, and of which the violation will

ever be rejected by genuine taste. But music is not

restricted within definite boundaries ; while we acknow-
ledge a few imperfections that should be avoided, we
cannot describe that particular course which shall guide

us to excellence. Hence public opinion will long be
divided on musical merit ; that which pleases the ear

will gratify the majority ; and the rest will seek for

some less prominent property, which may be the sub-

ject of reflection. Perhaps a piece of music should be

compared to a narrative, while it is agreeable in one
part, nothing ought to be outdone in another. A ge-

neral character should be preserved throughout. Were
this attended to, fewer useless compositions, parti-

cularly instrumental compositions, would be obtruded

on the public. Handel's works unquestionably evince

the mind of a great master. He who can move an au-

dience, both by pathos and grandeur, must be admit-

ted to l.ave no ordinary genius. Nevertheless he

has perhaps fallen into another error, in endeavoiu--

ing to make the imagination feel what it is necessary

to behold, before being alive to the impression, or

what it would probably require a kind of complex
machinery to represent. For example, the sun stand-

ing still, a phenomenon of nature, from which we
should at this day expect the annihilation of the ter-

restrial globe, is feebly imitated by a note of uncommon
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duration. Thp hopping of frogs, the bniriJnir ..f fl,,..

the falling of hail, are nulficient in wm
scarcely appropriate in niu»ic. Anotherin „
ter, Haydn, ha« followed the fooUtens of lii« roiuitry-
man in dicse questionable points. Hut how can any
one discover flashes of lightning, the flowing of stream*,
the roaring of lions, or the crawling of worms, from
any association of musical notes i" .Such allegories an
beyond the reach of the most vigorous imagination,
which would be perplexed in searching for the analogy.
One of Handel's o))eraso}>ens with an imitation ofa storm
and a shipwreck ; and a symphony is introduced in ano-
ther to express the shrieks and cries of tortured tenia
in the infernal regions.

We must conclude, on the whole, that Handel is one
of the greatest ma.sters who ha* ever flourished; and
that his style and performance materially contributed to
produce that revolution in music, whivli has taken place
m the course of the eighteenth century, (c)

HANG.TCHEOU-FOO. See China, p. 211.
HANXIBAI., the celebrated Carth<igmian com-

mander, was born about 220 years B. C. ; and, when
only nine years of age, accompanied his father H.-unil-

car to the army in Spain. Before his departure, he^
vowed at the altar, that he would never be in friend-
ship with the Romans ; and in the camp of Hanulcar,
the most distinguished general of those times, he ac-
quired that military skill, which afterwards renderetl
his enmity so formidable. At the death of his father,

nine years after, he continued to serve in the field un-
der his brother-in-law, Asdrubal, who had succeeded
to the command ; and, when this general fell by assassi-

nation, about eight years afterwards, he was unanimously
chosen by the army as their leader, while the senate at

Carthage with one voice ratified the election. .Soon after

his confirmation in the command of the troops, he accom-
plished the reduction of the Olcades, and, loaded with
booty, took up his winter quarters in New Carthage, (the
modern Carthagena), where he completely secured the af-

fections of the soldiery by his liberal distribution of the
plunder, and the hopes of farther conquests, with which
he inspired them. In the following year he reduced all

the Spanish nations on the south of the Iberus, except
the Saguntines, the allies of Rome; and, upon return-

ing to his former winter quarters, received an admoni-
tion from the Romans to beware of molesting a people
who had been taken under their protection. Concei-
ving the armies of his country to have now attained

sufficient strength to contend with the legions of Rome,
and eager to vent his long cherished hatred against that

rival republic, he returned such an answer as clearly

intimated his hostile intentions, and immediately trans-

mitted to Carthage direct charges against the Sagun-
times of having committed outrages upon the allies of
the state. Having received permission to make repri-

sals, he pushed his measures with a celerity and deci-

sion which the Romans were not prepared to anticipate;

and, after an obstinate siege of eight months, gained

])ossessioii of Saguntum before any succours could be

received from Rome. While the Romans were sup-

posing the designs of the Carthaginians to have been li-

mited to the reduction of Saguntum, and were prepa-

ring to send an ai-my by sea to .Spain, as the scat of the

approacliing contest, Hannilial having secured the

friendship of the Gauls on both sides of the Alps, be-

gan his march for Italy with an army of 50,000 in-

fantry, and 9000 horse ; evadeil the Consul P. .Scipio,

who atiempteil, by landing at the mouth of the Rhone,,

to intercept his progress, carried bis army across the

ll>n<M
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Hantiibal. Alps in the beginning of winter in the space of 15

*""'V~' days, and appeared in the vicinity of Turin after a

march of 1000 miles from New Carthage, accomplished

in five months and a half. His army was now redu-

ced to 20,000 foot, (of which 12,000 were Africans,

and the rest Spaniards), and about (iOOO cavalry. Ha-

ving taken in three days the city of the Taurini, and
put all who opposed him to the sword, he hastened for-

ward to meet the Consul Publius Scipio, who had
returned with the utmost expedition from the banks

of the Rhone, and had already passed the river Po with

his army. The two armies joined battle on the banks

of the Ticinus, a small river in Lombardy ; and Han-
nibal, chiefly by the superiority of his cavalry, gained

an easy victory over a general who was neither defi-

cient in courage or experience, but who seems to have
been little aware of the talents of his adversary. The
other Consul Sempronius, having arrived with a fresh

army, acted with still greater rashness, and, engaging
the Carthaginians near the river Trebia, sustained a

much more decisive defeat. In tlie following campaign
Hannibal was again fortunate in having to contend
with a self-confident commander, Caius Flaminius;
and, having carefully studied his temper, drew him in-

to a defile by pretending a retreat, and cut to pieces,

near the Lake Thrasymenus, the greater part of his

army. But all his talents and expedients were brought
into requisition by the dictator Fabius Maximus, who
justly concluded, that to stop the progress of an inva-

der is to gain a victory, and who cautiously directed

ln"s operations to preserve a commanding position, and
to intercept the foragers of the enemy. The Cartha-
ginian leader, baffled in all his artful movements to sur-

prise his opponent, or to force an engagement, resolved
at least to attach the neighbouring nations to his inte-

rests, by proving himself master of all the open coun-
try, boldly directed his maich to the fruitful plains of
Campania, which he quietly ravaged within siglit of
the Roman army. Upon attempting to return with his

booty through the same pass by which he entered the
country, he found himself, when encamped at the foot
of Mount Callicula, hemmed in by the masterly move-
ments of the Dictator ; but by dispersing, during the
night, 2000 oxen with burning faggots on their horns,
he contrived to draw off the detachment which occu-
pied the heights in the line of his march, and to bring
off his army in complete safety. By taking care, in the
general devastation, to spare the lands of Fabius, he
encouraged the accusations and suspicions, which were
ungenerously cast upon that general, of holding a se-
cret correspondence with the enemy. In a short time
he found means to draw into a snare the one half of
the Roman army, commanded bv Minucius, who had
been raised to equal authority with the Dictator ; but,
when in full pursuit of the routed legions, he was
checked by the advance of Fabius, and obliged to
sound a retreat. While reluctantly retiring to his
camp, he is reported to have said to his attendants,
" Have I not often told you, that that cloud which ho-
vered upon the mountains, would one day burst upon
us m a storm :" The Roman generals, enjoined by
the senate to follow the plans of Fabius, continuing
merely to watch the motions of the Carthaginians with-
out risking a decisive engagement, he found his diffi-
culties fearfully accumulating. Without any hope of
succours from Carthage, and left to the resources of his
own genius for tlie means of subsisting his troops, in
perpetual distrust of his allies in Italy, and daily Lsail-
•ed by the murmurs of his exhausted soldiers, he was

on the point of sacrificing one part of his army to save

the other, when the rashness of his adversaries again

afforded him not only a season of respite, but an occa-

sion of triumph. Having understood the fiery temper of
Terentius Varro, one of the new consuls, (who held the

command of the Roman army, and who bore with the

utmost impatience, the cautious counsels of Paulus Emi-
lius, his colleague), he attacked him in all his detach-
ments, insulted him even in his camp, and succeeded
at length in drawing him into the field, near the fatal

village of Cannae. The Uoman army consisted of
80,000 foot, and 6000 horse, and that of Hannibal
amounted only to 50,000 in all, of which 10,000 were
cavalry. Varro, on the day of his turn to command,
impatient to punish, as he expressed it, the insolence
of the Carthaginian, and confiding in the number of
his troops, descended into level ground, as if he had
studied to favour the enemy's superiority in cavalry

;

aid in a battle, which has already been described in the
work, (see Canna;), lost nearly the whole of the lar-

gest army which had ever been equipped by Rome, while
the loss ofllannibal did not exceed 6000 men. " Follow
me," said one of the Carthaginian officers, elated with the
annihilation of the Roman armj- ; " I will be at Rome
with the cavalry before they have notice of my ap-
proach. In five days we shall sup in the Capitol.''

To the refusal of Hannibal to adopt this advice, the
preservation of Rome and its empire has been ascribed

by Livy, and .several other ancient historians ; but ma-
ny later writers have questioned the justice of the cen-
sure. Rome had been carefully fortified after the bat-

tle of Thrasymenus, and was provided with every thing
necessary to sustain a siege. It was full of soldiers

well trained to war, and supplied the dictator Junius
Pera with four new legions and 100 horse, immediate-
ly after the battle of Canna-. Hannibal's advantages
had been princi})ally gained by his superiority in ca-

valry, which could be of little use in attacking a city ;

and the rest of his .irmy did not exceed 35,000 men.
" His own judgment," says Dr Adam Fergusson, " is

of more weight than that of the jiersons who censure
him. He knew the character of the Romans, and his

own strength. Though victorious, he was greatly

weakened by his victories, and at a distance from the

means of a reinforcement or supply. He was unpro-
vided with engines of attack ; and so far from being
in a condition to venture on the siege of Rome, that

he could not attack even Naples, which, after the bat-

tle of Canna;, refused to open its gates."

Hannibal, soon after his victory at Canrns, withdrew
his army to Capua, the principal city of Campania,
where he finally took up his winter quarters, after se-

veral unsuccessful attempts to gain possession of Nola,

Casilinura, and particulai-ly Naples, as affording an
easy communication with Africa. Notwithstanding

the assertion of the Roman historians, that Capna, by
its enervating pleasures, proved as fatal to the Cartlia-

ginians as Cannie had been to the Romans, it does not

appear tliat Hannibal or his troops had lost much of

their martial activity and ardour. As soon as the ri-

gour of the season began to relax, he renewed the siege

of Casilinuin in sight of an anny from Rome, amount-
ing, exclusive of allies, to 25,000 men ; and the want
of supplies from Carthage, which had indeed been pro-

mised, but were slow in their arrival, was the jjrinci-

pal cause of his power declining in Italy. He iiad not

troops to oppose the Roman armies, which were so ra-

pidly collecttd against him, and, at the same time, to

gairison the towns and protect the countries which had
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;bul. stihmitted to liis authority or accepted his alliance. Dii-
^— lin;;r the space of four years after tlic battle ofCannir,

'no decisive advantage was f^ained by either party in

the war ; and thou;ih several victories are stated, by
Livy and Plutarch, to have been gained over Hannibal
by Marccllus, it is aHirmed by Nepos, that the latter

was always victorious in Italy, and by Polybius, that
he was never vanquishe<l before the bjttle of Zama.
In the eighth year of the war, while Capua was hanl
pressed by the Romans, Hannibal made an attempt to

draw off the besiegers, by marching to the gates of
Rome, but found that city too well prepared to resist

an attack, which he seems after all to have rather feign,

cd than intended. After the fall of Capua, he was fre-

quently obliged to decline the battle which the Ro-
man generals were now ready to offer ; and at length,

in the thirteenth year of the war, after the death and
defeat of his brother Asdrubal, being unable to pre-

serve his conquests in Ital}-, he retired with all his for-

ces to the barren rocks of Bruttium. Even in this

weakened condition, in a countrj' incapable of supplj'-

ing him with subsistence, and at the head of an army
composed of Africans, Spaniards, Gauls, Carthagini-
ans, Italians, and Greeks, he continued, by his extra-

ordiary talents as a general, to preserve the discipline

of his troops, and to render himself formidable to the

Roman commanders, till, in the sixteenth year of the
war, he was recalled to Africa for the immediate pro-

tection of Carthage against the victorious legions of
Scipio. Leaving Italy with the utmost reluctance, and
landing at Little Leptis, a city between Susa and Adru-
metum, he received instant orders from the Cartha-
ginian senate to advance and give battle to the Romans.
In obedience to these instructions, he proceeded by
forced marches to Zama, about five days journey south
west from Carthage ; and being struck with the im-
daunted generosity of Scipio in sending back the spies

who had been taken in his camp, requested an inter-

view with, the Roman general. The armies had en-

camped within four miles of each other, and there was
a large open plain between them, where no ambush
could be laid. Here the two generals, escorted by an
equal number of guards, arrived for the conference

;

and each, attended by an interpreter, met in the mid-
way, where they remained for a while in silence, view-

ing one another with mutual admiration. Hannibal first

t"poke, and proposed a treaty of peace, upon terms
which had been recently agreed upon betweeh the

two countries ; but Scipio insisting upon the perfidy

of the Carthaginians in breaking the truce during the

negociations, required them to surrender at discretion.

Hannibal, however, much disheartened by his misfor-

tunes, and doubtful of victory, could not bring him-

self to make, at the head of an army, so humiliatinij

a submission. The conference terminated ; and both

tlie generals returning to their «amps, prejjared for

battle on the following day. According to the testimo-

ny of Polybius, Hannibal drew up his army in the

most skilful manner, and performed every thing in the

engagement which could ha'ce been expectetl from a

great commander. The victory was long and eagerly

contested ; and the Romans, though superior in num-
bers, appear to have at one time been on the point of

losing the battle. But Masinessa, who commanded the

Numidian cavalry, and Lolius who headed that of the

Romans, having routed the wings of the Carthaginian

army, came in the rear of Hannibal's veteran soUliers,

who were almost entirely cut to pieces in their ranks.

Of the Carthaginians, 20,000 are said to have fallen in
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the field, and al>out the same number were taken pri-
soners. Hannibal escflpe<l with n f»w hnnwinen to
Adrumctum, whence he wa<i called to Carthnge to aid
the falling republic with hio r..iii,,..i. ||p mttantly
declared, that there was no re>.i pt in a pence

;

and this reply, from the constnu: , „;i- •'' ''

and most inveterate foe of the Koinnn n
the senate to submit to the conqueror. Iste Cau i uaoc
and Rome. i

Hannibal, who had now tpent thirty-tix years in
arms, continued to reside nt Carthage ; and wa* after-
wards honoured with tlie chief mngistrary in that re-
public. Having exerted himself to rcme<ly varioot
abuses in the management of public allairs, and haviqig
particubrly brought to light many instance* of the em-
bezzlement of the revenue, he was accused by hi» ene-
mies to the Romans of secretly holding intelligence
with Antiochus the Great, in the design? which that
prince was meditJiting against the power of Rome. In
spite of the remonstrances of .Scipio, (who generously de-
fended his former opponent in arms, and strongly in-

sisted that it was below the dignity of the Roman peo-
ple to range themselves among the personal enemies of
Hannibal, and take part in the factions of Carthage,)
ambassadors were dispatched by the senate to bring the
charge against Hannibal, and to require that he should
be delivered into their hands. Aware of their design,

and doubtful of his countrymen, he made his escape to

Tyre, where he was received and entertained in a man-
ner suited to his reputation ; and afterwards joined

Antiochus at Ephesus, whom he found in a state of he-
sitation between peace and war. Upon being consult-

ed on the subject, he asserted, as he had always done,

that the Romans were invincible every where but in

Italy ; proposed, if entrusted with 10,000 foot and 1000
horse, to make a descent in that country ; and, at the

same time, dispatched a messenger to Ciu-thage to per-

suade them to join in the enterprize. Before the com-
mencement of hostilities, a Roman ambassador, accom-
panied by Scipio Africanus, arrived at Ephesuk ; and,

during their residence there, many civilities are said to

have passed, and frequent conversations to have taken

place between them and Hannibal. It is reported that,

during this friendly intercourse, Scipio one day asked

the Carthaginian, " Whom he thought the greatett

general ?" Hannibal immediately replied, " Alexander,"

because that, with a small body of men, he had defeat-

ed very numerous armies, and had ovemm a great part

of the world. " And, who do you think deserves the

next place ?" continued the Roman. " Pyrrhus," re-

plied the other : " he first taught the method of form-

mg a camp to the best advantage. NolMxly knew bet-

ter how to choose, or post guarils more properly."

" And, whom do you place next to those.?" said -Scipio.

Hannibal named himself; at which Scipio asketl, with

a smile, " Where, then, would you have placed your-

self if you had conquered me?" " Above Alexander/'

replied' the Carthaginian, " above Pyrrhus, and above

all other generals ;" thus, by a most refined strain of

compliment, separating Scipio from the crowd of com-

manders, as one of inestimable qualities. These fami-

liar conversations are 8ai<l to have been sought by the

Roman deputies for the purpose of discovering the de-

signs of Hannibal ; and they had at least the effect of

rendering him suspected by Antiochus. That prince,

though afterwards cured of their suspicions of his guest,

refused to follow his counsels as to the prosecution of

the war ; and, upon suing for peace alter his defeat at

Magnesia, was required, among other conditions, to
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Hannibal, deliver up Hannibal to the Romans. This illustrious

^"'Y'"' exile, however, anticipating such a demand, had re-

moved from the dominions of the Syrian monarch, and

taken refuge with Prusias king of Bithynia, to whom
he rendered eminent services in various wars. At
length Flaminius arrived as an ambassador from Rome,

for the ostensible purpose of requiring Prusias to de-
' sist from hostilities against the king of Pergamus ; but

principally with a view to induce him to betray his

Carthaginian guest. The king, reluctantly, according to

Plutarch, but readily, according to Livy, complied with

the dishonourable proposal ; but Hannibal, who re-

sided in the castle of Libyssa, upon learning that the

place was surrounded by soldiers, resolved to die, rather

than fall into the power of his persecutors. Taking
into his hand a poison which he had kept ready for such

an exigence ; " let us deliver Rome," he said, " from
her perpetual fears and disgust, since she has not pa-

tience to wait for the death of an old man." Then,
having invoked the gods to take vengeance upon Pru-
sias for his violation of hospitality, he swallowed the

poison and expired. He died at the age of 6'5 years,

of which he had passed 36 in camps, and 13 in exile.

He had little opportunity, therefore, to cultivate the mo-
ral and civil virtues ; though, perhaps, if impartially tried

even by this test, he will be found, notwithstanding

the shocking portrait drawn of him by Livy, to have
been by no means inferior to the great body of con-
querors in ancient times, or even to his celebrated op-
ponent Scipio Africanus. Neither Plutarch nor Poly-
bius makes any mention of that cruelty, perfidiousness,

and irreligion, with which he has been charged. In
point of military talents, he may be pronounced to
stand in the foremost rank ; and all the qualities which
make a complete general, have not been more constant-
ly and conspieuously manifested in the conduct of any
captain of antiquity, than in that of Hannibal. He ap-
pears, especially, to have surpassed them all in the ta-

lent of forming brave and disciplined soldiers ; though
he was opposed by troops consisting chiefly of Roman
legions, warriors by choice and education, he was vie*
torious, even over superior numbers, in every battle

except his last ; and that with an army, which he had
in a great measure renewed in conquered countries,

which he had collected from various nations differing

in manners and language, and which he preserved at.

tached to his interests in the midst of privations and re-

verses. See Nepos, Livy, Plutarch, Polybius ; Rollin's

Ancient History, vol. vii. ; Ferguson's History of the

Roman Republic, vol. iii. ; Abbe de St Pierre's Life of
Scipio Africanus ; and Hooke's Rom, Hist. vol. iv. and
V. (7)
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Ha MOVER is alcingdom of Europe, which was form-
ed in 1815 out of the electorate of Hanover and the
principality of Osnaburg. It is situated in the circle

of Lower Saxony ; and is bounded on the north by the
territory of Hamburgh, Holstein, and Mecklenburgh,
the Elbe forming the line of demarcation as far as Ina-
pesse ; on the north-east by Prussia ; on the east by the
duchies ofBrunswick and Prussia; on the south by Hesse
and Prussia ; on the west by the lands ofLippe, Hesse,
Waldeck, and Prussia ; on the north-west by the terri-
tory of Bremen, and the possessions of the Duke of 01-
dcrs, and the territories ofAremberg and Looz.

Hanover is of a very irregular form. It comprehends
the duchies of Luneburgh-Zell, Bremen, Verden, and
Saxe Lauenburg, on the northern side of the Elbe

;

the countries of Calenburg and Grubenhagen on the
south ; those of Diepholtz and Hoya on the west ; and
that of Danneberg on the east. At the treaty of Ra-
tisbon, Hanover lost the bailiwick of Wildehausen ; but
in 1802, it acquired the principality of Osnaburg.

1. The principality or duchy of Luneburg-Zell, is

bounded on the north by the duchies of Lauenburg and
Mecklenburg ; on the east by the electorate of Branden-
burg and duchy of Brunswick ; on the south by those
of Brunswick and Calenburg ; and on the west by the
circle of Westphalia. The Elbe forms the north and
north-east boundary. It is from 75 to 80 miles from
north to south, and from 60 to 70 from east to west. It
contams 200 parishes and 27 towns. It possesses some
fruitful marsh lands along the Elbe, the AUer, and the
Jetze

; but towards the centre and northern parts, it is
sandy, heathy, and barren. The principal towns are
LuNEBURo, HxnBURo.ZELL, Hclzen, Danneberg, and
Lucho. See p. 635.

2. The duchy of Bremen, is bounded by Holstein,
Luneburg, Verden, and Westphalia. It is about iJ5 to 70
miles long from north to south, and 45 to 50 from east

to west. The Marschland, or lov country, on the rivei-s

Oster, Weser, and Elbe, is fertile, but liable to inun-
dations. The Geestland, or high country, is in some
places fruitful, and has its heaths covered with sheep.

In this duchy, are 2 cities, 12 market towns, 22,276
taxable hearths, 118 Lutheran churches, and 28 noble
jurisdictions. The principal towns are Bremen, Stade,
Buxtehude, Closter Seven or Zeven.

3. The duchy of Verden, which has a peninsular form,
lies on the right bank of the Weser between Bremen
and Luneburg. The extent from north to south and
from east to west, is from 25 to 30 miles. It is an ele-

vated, heathy, and dry country, traversed by the rivers

Aller and Wumme. Its principal towns are Veroen,
Rottenburg, and Languedal.

4. The duchy of Saxe-Lauenburg, is bounded by
Holstein, Mecklenburg, and Luneburg, and the territo-

ries of Lubeck and Hamburgh. The country is level,

and in some places fertile. It yields considerable quan-
tities of wood and flax, and exports, rye, butter, cheese,

wool, wood, and fish. The small rivers Belle, Stecken-

itz, &c. which fall into the Elbe, water the southern part

of the duchy. The principal lakes are those of Ratze-

burg and Schall ; and the chief towns R.\tzeburg, Lau-
enburg, and Mollen.

5. The principality of Calenburg is situated in the

south-west corner of Lower Saxony, and is cut into two
parts by a part of the principality of Wolfenbuttel.

The northern part is bounded by Luneburg, Hildesh-

eim, Pyrmont, Lippe, Schauenburg, Hoya, and Min-
den ; and the southern part by Wolfenbuttel, Gru-
benhagen, Eichfeld, and Lower Hesse. It is about 48

leagues long, and from 6 to 10 broad. The Weser,

which forms part of the western boundary, is every

where navigable. The country is in some places hilly,

and in others marshy and sandy, and nowhere very fer-

tile. The principal hills, are the Deister, Suntel, and
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Solinpterwald. The principality contains 36 towns, and
221 churches. It is divided into three quarters, viz.

1. The quarter of Hanover, which contains II towns,
2 abbies, 6 convents, 81 manors, and 212 villages. The
chieftowns are Hanover, Munder, Wunstorf, Pattensen,

Eldagsen, &c. 2. The quarter of Haineln and Lauenau,
which contains 13 towns, and 128 villages. The prin-

cipal towns are Hameln, and Bodcnwarden. 3. The
Gottingen quarter, which contains 1.5 royal bailiwicks,

11 noble jurisdictions, 12 towns, 8 convents, and 180
villages. The chief towns are Gottingen, Nordheim,
Mdnden, Dransfeld, Moringen, Uslar, and Hardegsen.

Incipality 6. The principality of Grubenhagen, is bounded by
Calenberg, Wolfenbuttel, Wemigerode, Blankenburg,
Hohenstein, and Eichfeld. The greater part of this

principality is mountainous, and covered with woods.
It contains, however, some fruitful plains, wheie consi-

derable quantities of flax are raised. Grubenhagen
contains a part of the famous chain of the Hartz. The
principal minerals which it contains, are slates, alabas-

ter, marble, rock salt, calamine, sulphur, lead, copper,

iron, silver, and gold. For an account of the produce
of the mines, see p. 63i, Grubenhagen contains 9
small towns, 4'!' parochial churches, and 7000 taxable

hearths. The chief towns are Einbeck and Osterde,

which are described in p. 635.

7. The county of Diepholtz is bounded on the north

by Delmenhorst and Bremen, on the east by Hoya, on
the south by Minden, and on the west by Osnaburg and
Munster. It is 25 miles long from north to south, and

-L 10 to 14 from east to west. This county consists of

I heaths, moors,'and pasture lands ; and the people are

^
chiefly employed in breeding cattle, and manufacturing
coarse linens. It contains ten parishes, and five towns,

the principal of which are Diepholtz and Lemforde.

8. The county of Hoya is bounded on the north by
Delmenhorst, Bremen, and Verden, on the east by Lu-
neburg and Calenburg, on the south by Minden, and
on the west by Minden and Diepholtz. It is 25 to 30
miles from north to south, and 30 to 33 from west to

east. The soil is chiefly sandy ; but there are some
fruitful tracts, which produce wheat, barley, and flax.

Some parts are heathy, and others fit for pasture. It

contains 54 parishes, and 100 towns and villages, the

chief of which are Hoya, Drakenburg, Nienburg, Lie-

benau, Suhlingen, Harpstedt, &c.
Incipality g. The principality of Osnaburg is bounded on the
!)sna. north and south by Munster, on the east by Hoya,

Minden, and Ravensberg, on the west by Techlenburg

and Lingen. It is about 43 miles long from north to

south, and 32 from west to east. The river Hase tra-

verses it from north to south. Nearly one half of the

county consists of heathy and barren land. Rye and
flax are its chief produce. It contains seven towns, the

principal of which are Osnaburg, Iburg, Furstenau,

Quackenbruck, Vorden, and Wiedenbruck. See Os-

naburg.
Hanover comprehends 107 bailiwicks. The country

is intersected by a great number of rivers and stream-

lets, and is in general extremely marshy. The princi-

pal rivers are the Elbe towards the north, the Weser

and the Leine on the west, and the Aller and the Ihne-

nau in the centre of the kingdom. The chief lakes are

those of Diepholtz and Stinhuder. The AUer rises in

the duchy of Magdeburg; and, after traversing the

southern parts of Lunebourg-Zell, it falls into the We-
ser below Verden. The Leine rises in Eichfeld, runs

northward through the eastern part of Calenburg, and
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fulls into the Allcr. The lake of Diepholti i« call«d M*a«««r.

the Drummer-«ee, and though very exten«ive ia n- "'
" »

"''

tremcly shallow.

The climate is by no means good. The tempermture tlboju.
is very variable. The w intent are rigorous, and froaly

days often intervene iM^twccn the greatest hc»t» of num-
mcr. A north-we!«t wind commonly blows during the
cold season, an east wind in spring, and a «outh-wMt
wind in summer. The common disease* are catarrhs, "-tim.
intermittent and nervous fevers, phthisii, apoplexy,
and palsy. When July is very warm, dysentenea are
peculiarly malignant. The epidemics are of a rheum**
tic nature, and consumptions are very fatal.

The Hartz mountains are the most considerable in .Mooouiu,
the kingdom. See Hartz. The mountiiins which se-

parate the west and south of Hanover from Uie prin-

cipality of Hesse are either of a calcareous or basaltic

nature, and consist of large pyramidal blocks, which
furnish excellent stones for mending the roads, and
paving the streets.

Very little progress has been made in improving the Agri««l<art

heaths and the marshy grounds of Hanover. A few *"'* *°"*

fertile spots arc occasionally seen in the midst of bar-
ren wastes, although, by a little jiidicious managt-nient,

a great part of the soil might be brought under cultiva-

tion. Nearly one half of the land is covered with weeds

;

a fifth part of the arable fields is employed in pastu-

rage ; and of the pai-ts from which grain is raised, a
third is occupied by peas and beans, a fourth by wheat,

rye, and buckwheat, a fitlh by barley, and a sixtli

by oats. On the sandy lands good potatoes are pro-

duced. Notwithstanding the general sterility of the

country, there are many fertile and populous vallies on
the banks of the Elbe and the Weser. The duchy of
Saxe Lauenberg is completely cultivated, owing to a
wise agreement between the seigneurs and the peasants

to relinquish some mutual privileges. The grain raised

in Hanover is not sufficient for the consumption of the

inhabitants ; but though the pasturage is not luxuriant,

they export a considerable number of horses to France,

Italy, and Saxony. If the operation of draining were
extensively carried on, Hanover might supply Ger-
many, Holland, and France with a sufficient num-
ber of horses and black cattle. The wool is of a very

bad quality. It is used in Belgium in the manufacture

of coarse cloth, and the Hanoverians work it into a

tolerably good looking stuff". Several rams ofthe Merino
breed have, however, been imported from Upper Sax-

ony ; and the wool has thus been greatly ameliorated.

The cows are neither large nor beautiful. They are

generally of a black and white, or a white and fawn
colour. In order to improve tlie breed, bulls are

brought from Holland. The Hanoverian goats are very

poor, and few in number. The oxen are of a middle

size, and make excellent beef, the pork is good, and
the mountain mutton is highly esteemed. Flax is more
abundant than hemp throughout the kingilom, and it

is the chief occupation of the females to spin it in the

winter evenings.

The natural history of this country is in no respecU
y^^^^^

interesting. Boars and deers are much less numerous
{utuuj.

than formerly ; and, during the last century, wolves

have beeu extremely rare. The last bear was killed at

Hartz about the beginning of the 18th centur)-. Roe-

bucks and hares are excellent, but rabbits arc very

scarce. Thrushes, partridges, skylarks, wild-ducks,

heathcocks, and a small species of tetran, are very nu-

merous. The rivers do not produce a great variety «l*

*L
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Hanover, fish, but the markets are well supplied with turbot,

peich, carp, pike, and large eels. The streams that

issue from the Hartz, and other wooded mountains,

abound with a small trout of exquisite fla<^our. The
mineral waters of Limmer are much frequented. The
hot baths of Limmer are built of grey stone, firmly

cemented and fixed in the ground. The descent is by
four steps, with a ballustrade. A bench 5 inches broad

serves for a seat, and it has a fir back, in order to pre-

vent a sudden shock from the cold stone before it has

acquired the temperature of the water. The charge

for each bath is a franc.

The minerals of this country are rich and numerous :

They consist of silver, copper, lead, iron, cobalt and

zinc, with marble slate, coal, turf, and limestone.

Boracite has been found in the Kalkberg and Stauro-

lite at Andreasberg in the Hartz. The annual produce

of the mines of the Hartz which belong to Hanover, is

reckoned at 1,172,733 rixdollars. The annual pro-

duce of the lead mine called Caroline, is 194,000 rix-

dollars. See the article Hartz.
The territory of Hanover is govenied by a regency

composed of seven ministers. Four of these reside in

Hanover, the capital ; and the fourth, who presides

over the law department, the police, and the high

court of appeal, resides at Zell. The sixth, who is at

the head of the College of Nobles, likewise presides

over the subordinate regency of Bremen and Vcrden,
which is held at Stade ; and the seventh has a per-

manent establishment in the court of the electoral king.

This regency possesses regal power, and decides in

all matters on which the provincial states are not en-
titled to interfere. It communicates with these .assem-

blies in the same manner as the elector himself, and
superintends all the departments of the government.
There is a subordinate regency for the bailiwicks of
Lauenburg, which sits at Ilatzeburg, and another for

the principality of Osnaburg, which sits at Osnaburg.
The provincial states of the kingdom consist of the

prelates of the equestrian order, and the magistrates

of cities. The priests are of the first rank, the nobles
are of the second, and the magistrates of the third rank,

the duty of the states is to watch over the liberties of
tlie people, and the different orders of the citizens,—to
enforce a regular administration of the laws,—and to
superintend the distribution of the public money. No
tax can be levied without their consent, and every new
law must have their sanction.

The Roman and public law, the constitution of the
empire, the bulls of the emperors, and the particular
constitutions of the different provinces of which Ha-
nover is composed, are precedents by wliich the magis-
trates are guided in their political, civil, and criminal
judgments. The high court of appeal sits at Zell, and
the minister is bound to consult the regency in cer-
tain difficult cases. The decisions of this court have
always been higlily respected. When M. Wrisberg
was it! president, George II. one day said to him,
" How does it happen that I lose every process that I
bring before your tribunal r" " Sire," replied the pre-
sident, " It is because your Majesty is always in the
wrong." " M. de Wrisberg," replied the king, " you
speak to me like a magistrate." Capital punishments
are very rare m Hanover. The principal punishments
are fine, reprimand, detention in a house of eorrection,
imprisonment, or compulsion to labour for a limited
period. Breaking on the wheel is still practised in this
country, but it is always preceded by strangulation.

Provmdal
ttntcs.

laws.

OVER.
Every sentence, however, 'whicli inflicts this punish- Hai

ment, must be submitted to the deliberation of the re-

gency. Public works, wiiere tlie criminjils labour, are Revenve
established in five of the principal cities : the more
hardened are sent to Hameln, and others to the quar-
ries of Luneburg. The use of preparatory torture is

said to remain unabolished.

The revenues of the kingdom are derived principal-

ly from a tax on land,—from a rontributioii from the
peasantry in money, grain, and labour on the roads,

—

from a poll tax from the different classes of citizens,

—

from duties on cattle, on the consumption of luxuries,

and on salt, coals, and turf. Taxes are also levied
on mills, leases, horses, and public carriages, and con-
siderable sums are obtained from tythes,—from tolls on
the transit of goods,—from the custom-house, the
forests, fisheries, game-laws, the mines of Hartz,
the coinage of money, and the postage of letters. The
total amount of the revenues has been estimated at

i^ 962,500 sterling. The national debt is considerable,
and was principally contracted to support the seven
years war.

Hanover has 10 garrison towns, viz. Hanover, Miin- jiui
den, Zell, Luneburg, Nienburg, Stade, Harburg, state.

Katzeburg, and Osnaburg. The works of Hameln and
Harburg are the most considerable. The fortifications

of .Stade were demolished in 1781, but those erected on
the Klutberg, above the Weser, in 1760, and called

Fort George, have become very strong from the addi-
tion of new works. The military commandants of these
garrison towns enjoy no rank in the army. The fol-

lowing is the military force :

—

Infantry 12,015
Cavalry 4,6'00

Artillery 671
Corps of engineers 95
Mihtia 5,500

22,881

The soldiers are all Hanoverians. The cavalry is ge-
nerally composed of the sons of farmers, and the mili-

tia consists of pensioners who have served 25 years in

the army. They have the same organization, equip-
ment, and clothing as the regular troops. The opera-

tions of the commander in chief are subordinate to the
regency. Every soldier has a right to demand his dis-

charge after 20 years service, and he is entitled to a
pension according to his rank. The number of inva-

lids amounts to 7000. No British subjects are employ-
ed in the Hanoverian army. The cannon foundry is at

Hanover. It is situated on the glacis of the city, on the

side next the road leading to Zell. The only manufac-
tory of small arms is one at Hertzberg, which enjoys

much reputation in Germany. The best gunpowder is

made at Hersen near Hameln. The manufacture of
cannon and of powder are both carried on by private

individuals.

Hanover contains about 750 parishes, with seven Eccli

superintendants. The people are divided into Jews '^'^

and Christians, and the Christians into Catholics, Calvi-

nists, and Lutherans. Before the union of Osnaburg the

Jews were the most numerous sect next to the Lutherans.
The Jews are the principal bankers in the large cities,

and they keep butchers' shops in the small villages.

The Lutheran is the established religion. The su-

preme consistory, composed of some of the most en-
lightened citizens, has the right of superintending all

^
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the other sects. The Lutheran clergy are supported
l)y a portion of the property wliich once belonged to

the Catholic cimrch ; but tlie greatest part of it is ap-
pn)i)riate(l for the university of (iottingeu, the lyceuin

of Hcfeld, and other public institutions. The ministers

of th(! otiier sects receive a small sum from jjovernment,

and derive the rest of their income from their parishion-

ers. The Calvinists are few in number, and tiiere are

only a very few Roman (Catholics in the kingdom.
A regular system of instruction was adopted in Ha-

nover after the year 1750, in consequence of the libera-

lity of M. Botticher, who endowed a seminary for school-

masters in tlie city of Hanover. The electoral regency
did all in its power to promote the objects of this institu-

tion; and, in order to combine practical with mural and li-

terary knowledge, the chiUlren ofboth sexes were taught

to sew, spin,knit,&c. In the middle or secondary schools

are ta\iglit geography, history, dr.awing, the French and
English languages, together with the elements of geo-

metrj-. In »iie academies, or schools of the third order,

are taught antiquities, and the Latin, Greek, iuid other

languages. Academies of this kind are established at

Zell, Clausthal, Einbeck, Hameln, Hanover, Harburg,
Ultzen, Hefeld, Gottingen, Bremen, Luneburg, Min-
den, Nordlieim, Osterode, Stade, and Verden. Besides

tliese academies, there are establishments at Hanover
and Luneburg for the education of the young nobility

of both sexes, from the period of eight to fifteen years

of age. The Georgianum, an establishment of this

kind, was founded in May 179C, for the education of

40 pupils, who must be the sons of Hanoverian nobles.

Every pupil pays at his entrance about [15 Thalers, or

nearly,£l6 sterling; and 15 of those whose parents

can afford it, pay the additional sum of 1 20 Thalers.

They are all boarded, clothed, and taught at the ex-

pence of the establishment. Their dress is a blue uni-

form, faced with scarlet. They are admitted at the age

of 10, and as soon as they have received a suitable edu-

cation, they may cither enter into the military service,

or pursue their studies at the university of Gottingen,

in order to fit themselves for any other profession.

Those who enter into any regiment receive 26"0 thalers

for their equipment out of the funds of the institution

;

and the most distinguished of the pupils, who are sent

to Gottingen, enjoy an annual income of 300 thalers

during their tliree years residence at the univerity. Be-

longing to the institution is an excellent library, a col-

lection of natural and artificial curiosities, and a good

philosophical apparatus. Primary schools are establish-

ed in every village; while schools for the classics and

the elements of the sciences are founded in all the

principal towns. The university of Gottingen is pro-

vided with i2 professors. See Gottingen.
Hanover is very fai- from being a commercial country.

At the four fairs which arc helil annually at Hanover,

and the two at Osnaburg, are exposed to sale the com-

modities which have been purchased at the fairs of

Brunswick, Leipsick, and Frankfort. They consist

chiefly of earthen-ware, agricultural and handicraft im-

plements, pins, needles, coarse linen drapery, baskets,

coarse stuffs, lace, thread, ribbons, and toys. Articles

of English merchandise are brought from Hamburgh,
Emden, Bremen, and Brunswick ; and the linens of

Friesland and of Prussia, and the cloths, silks, and

jewels of France, we also met with in Hanover.

A great deal of plain and table linen is manufactured

in Hanover. At XJsnaburg the most common employ-

ment is spinning flax, which is afterwards wrought up

into damask, greatly interior to that of Prussia and

Friesland. The ^nter part of it is Hold at hon»« ; but
in timex of pence, the surplus ix exported, thrini^li tlic

Hanse towns, t<i North America and the .Spanish colo-
nics. Very little hemp in roiied in Hanover. Their
domestic linens are principally made of flax, which ia

never spun sufficiently fine to lie made into lawns or
caral)ric8. There areal.so manutiurtories forcowse cloth
and paper, several tanneries, and some glass-houses;
and a manufactory fur iron and copper utenHiU at I lart«.

The coarse cloths arc principally use<l by the poor, and
for clothing tlic army. The juiper is inferior to the
Dutch and French papers. One Imlf of tlie leather,

which is not good, is consumed in the kingdom, and
the other half exported to Saxo«y and Belgium. The
best glass is made in the bailiwick of Lauiiutein. The
manufacture of iron articles at Hartz is futid by Man*
gourit to be sui)erior to any thing of the kind carried

on in France. Silver plate, jewellery, gold and Bilver

lace, embroidery, and saddlery, are made at Hanover.
Diamonds are set in a very superior manner, and the

artists also cut white, yellow, or red amber globes, with
facets for ear-rings, necklaces, and bracelets, which are

bought by tlie .Jews, and st^ld at an etiormous profit.

The princi])al articles of export, are horses, black
cattle, wax, lead, linens, leather,salt, oats, barley, thread,

the iron and copper of Hartz, tlie turf of Bremen, and
planks of timber. The two last articles are bought by
tlie merchants of the hanse and maritime cities.

The principal towns in the kingdom of Hanover, are

Hanover, Gottingen, Bremen, Osnaburg, Stade, Katze-

burg, Munden, Zell, Hameln, Klausthal, F,inl>eck, Har-
burg, Ultzen, Lauenburg, MoUen, Hefeld, N'ordlieim,

Ostero<le, Verden, and Nicnburg.
Einbeck, or Einbike, tlie capital ofthe principality of

Grubenhagen, is a walled and fortified town, situated

in a fertile territory at the confluence ofthe llm, Krumc-
wasser, and Leine, near the borders of Calenburg. Be-
sides ramparts, bulwarks, and towers, it li.-is moats and
outworks. Considerable quantities of woollen cloth

!iie made here, and it has several breweries. Its

]iopulation is 4500. Ostero<le, containing 4000 in-

habitants, is situated six kagues east of Einbeck, at

the conflux of the Sole and Apenke. It has an an-

cient castle ; and a manufacture of camblets, besides

quarries and mills, and lime-kilns. Nordheim, erect-

ed into a town in 1252, is situated on the Ruhme,
which here divides itself into two branches, a few miles

above their influx into the Leine. The organ ofthe pa-

rish church is famous for its immense size. Tobacco is

cultivate<l in the neighbourhood, and it has several flou-

rishing manufactures. Near this town a sulpnureoiu

spring was discovered in 1804, and batlis have been

erected at the house of the woodkeeper. It contains

3000 inhabitants. Ultzen, or Uelzen, is a trading town,

consisting of 330 houses, situated on the Ilmenau, at the

confluence of several small streams. It had formerly a

great trade in flax, linens, wool, wax, and butter; but it

is now on the decline. Verden lias a fine cathedral, with

very interesting monuments, and a population of 4000.

Danneberg is a dec-ayetl town of 1 60 houses, with a ruin-

ous castle on an eminence, watered by the Tetze. The
chief export is beer. Nienburg is situatt-d on the Saale,

in Upper Saxony, but near the borders of Lower Saxony,

it has a fine stone bridge over the Weser. It contains a

palace erectefl out of a convent of monks, and is cele-

brate<i for a kind of beer like English ale. For an ac-

count of the other towns, see Bremen, G<»ttinoen, Ha-

MELN, Hanover, Harbouro,KlaU8Tiial, Llncburo,

Munden, Osnaburg, Ratzeburo, Staue, Zklle.

Artid<t«f
export

Principal

towiu.

Einbeck.

OMcrode.

Nordhdm.

•*

(Jlucn,

\'crd<ii.

Ounebcif.

NicnbUTtt;



636 HAN
Hanover.

History.

The illustrious house of Hanover is descended from

Margrave Azo, who possessed the Milanese, Genoa, and

part of Lombardy, in the 11th century. He was sue-

ceeded byWelpho the Fat,who married the Marchioness

of Tuscany. Welpho having died without issue, his

Italian estates, and the duchy of Bavaria, came into the

possession of his brother Henry the Black, who obtain-

ed the county of Luneburgh with his wife Wulphilda,

daughter of Magnus Duke of Saxony. His son Henry

the Proud having married the daughter of Lotharius

n. obtained along with her the duchy of Saxony, and

the hereditary lands of Brunswick Nordheim, and Sup-

plingenburg ; and the dominions of the family extend-

ed from the Rhine to the Vistula, when her son Hen-

ry the Lyon reduced the Slavi, on the coast of the Bal-

tic. In 1 1 79, he was put under the ban by the Empe-
ror, and deprived of all his possessions in Italy and Swa-

bia, and of the ducliies of Saxony and Bavaria. He
was allowed, however, to retain Luneburg, some lord-

ships, and his Slavian conquests. His son Otho ob-

tained the imperial dignity in 1209 ; and, in the course

of time, his family was divided into two branches, two

of which now exist, viz. those of Wolfenbuttel and ZelL

The first was founded by Henry, and the second by
William, the sons of the Duke Ernest, who introduced

into his dominions the reformed faith. Ernest Augus-
tus, his grand nephew, and Elector of Hanover, mar-

ried Sophia, the daughter of the Elector Palatine, and

of Elizabeth, the daughter of James I. of England, and
established the right ofprimogeniture in the Wilhelmine

line. In the year 1714, George Louis his son succeeded,

in virtue of the act of succession, (see Britain,) to the

throne of England, and since that time the kings of Eng-
landhave been the electors of Hanover. Intheyear 171 5,

the Duchy of Verden was ceded to the Elector of Hano-
ver by the alliance concluded at Wismar; and in 1719,

by the treaty of Stockholm, Bremen was also transferred

to the elector, who, in 1732, obtained the emperor's in-

vestiture for both Bremen and Verden. In October 1 801,

the Prussians, under the fatal influence of the govern-

ment of France, had declared war against Great Bri-

tain, and had taken possession of the electorate of Ha-
nover ; but at the peace of Amiens, the electorate was
restored to its lawful sovereign. The Bishopric of Osna-
burg, or Osnabruck, which, by the peace of Osnaburg,
was to be occupied alternately by a Roman Catholic

and a Lutheran bishop, the last of whom must be se-

lected out of the house of Brunswick Luneburg, was
secularised by the treaty of Luneville, and was ceded
by the treaty of Amiens, in 1802, to George III. as

elector of Hanover.
When Bonaparte had determined to make war upon

Great Britain, he marched his army into Osnaburg and
Hanover. On the 9th of June 1803, the French under
the command ofGeneral Drouet, took possession of the
comitry and city of Osnaburg ; and, after a slight en-
gagement, the convention rf Suhlingen was entered in-
to on the 3d of June 1 803, between General Mortier
and Marshal Walmoden, the commander of the Hano-
verian army. I'he first consul immediately sent this
convention to England, declaring that he would ratify
it as soon as it had been sanctioned by his Britannic Ma-
jesty. The English government, however, refused to
give any sanction to this convention. They averred,
that the character of George III. as elector of Hanover,
was distinct from his character as king of Great Bri-
tain, and that in the year 179.5, the French government
had acknowledged his neutrality as elector of Hanover
during the existence of a war with Great Britain. The

Hanovi
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king therefore resolved to abstain from every act which
might be considered as contravening the stipulations of

the convention concluded on the 3d of June, between
the deputies appointed by the regency of Hanover, and
the French government; until he should make an ap-

peal to the empire and to the powers of Europe, who
had guaranteed the Germanic constitution, and conse-

quently his rights and possessions as a prince of the

empire. On the 30th of June, General Mortier com-
municated the resolution of the British government to

Marshal Walmoden, and summoned him to surrender his

army in 24 hours, to be sent prisoners ofwar into France.

The Hanoverian general declared that his army should
perish in the field rather than consent to such humi-
liating terms. General Mortier was thus induced to

offer milder terms, and a capitulation was signed on the
4th of July, by which the Hanoverian army laid down
its arms, which, with all the artillery, was to be deli-

vered up to the French, along with the cavalry and ar-

tillery horses, to the amount of 4000. The soldiers

were to return to their respective homes, and engaged
not to serve against the French till regularly ex-
changed.

Hanover continued in the possession ofthe French till

the year 1806, when it was occupied by the Prussians.

It was afterwards annexed to the new kingdom of West-
phalia, which was formed for Jerome Bonaparte.

In consequence of the great events in 1813, (see

France, vol. ix. ) which have led to the liberation

of Germany, Hanover was restored to its ancient

rights, by the army of the Crown Prince of Sweden.
It of course reverted to its legitimate sovereign at the

treaty of Paris in 1814, and has since continued in a

state of tranquillity and happiness. At the second

treaty of Paris in 1815, the electorate of Hanover was
converted into a kingdom.
The population of Hanover is about 800,000 souls, Populai

which gives about 1500 to every square German mile.

The population ofthe principality of Osnaburg is about

133,000; so that we have, according to Mangourit,

Hanover Proper, 800,000
Principality of Osnaburg 133,000

Population of Osnaburg 933,000
The following is another estimate of the population

:

Principality of Calenburg, 210,000
Principality of Luneburg-Zell, 200,000
Duchy of Bremen, 167,149
Principality of Osnaburg, 117,896
Principality of Grubenhagen, 80,000
Duchy of Saxe Lauenburg, 40,000

County of Hoya 40,000
Duchy of Verden, 30,000
County of Diepholtz, 12,000

itiij

897,045

See particularly Mangourit's Travels in Hanover, du-
ring the time of its occupation by the French ; Catteau

de Calleville's Foyage en Allemande ; Peuchet's Diction-

naire de la Geogr. Commerg. ; and the article Hartz.
HANOVER is a fortified town of Germany, and ca-

pital of the kingdom of .the same name. It is situated

in a sandy plain, on both sides of the river Leine, which
divides it into two towns, viz. Old and New Hanover.
The old town lies on the left bank of the nver, which
here forms two branches, and, after inclosing an island,

they again reunite and become navigable. The old and
1
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new towns are connected by bridfjcs. The town is

built in the form of a luilf moon, anil contains several

good streets. Tlie houses of tlie new street cnllfd

(jeorgc-strass arc all built on the same plan. This
street, or rather row, is built along the side of a fine

rampart, from wliich it is separated by iron chains, rest-

ing on pillars of free-stone. There is a Gothic appear-

ance in most of the buildings of Hanover. The houses

resemble the galleries of a vessel of the sixteenth cen-

tury, and the time of their erection is always marked
upon them. In those dated 1565, each story projects

several feet over the one below it, and exhibits me<lul-

lions, pagan deities, warriors, and verses of the Psalms.

Red and green bricks are intermixed in some of the

edifices, and in others varnished tiles are arranged in

rows. Sometimes bricks are only used for the doors

and windows, while the rest of the house consists of

wood, painted of various colours. In some houses, the

bricks are placed in wooden frames, and secured by
plaster. The town, however, contains many handsome
buildings. The Elector's palace, which, after being

destroyed by fire, was rebuilt in 1791, is a fine build-

ing constructed of hewn stone. This was the seat of

the regency. The newly erected part of the electoral

church, and the palace of the Princess of Wales, are

likewise excellent buildings of stone. Hanover con-

tains also a theatre, three parish churches, a poor-house,

and three hospitals. The public library of Hanover is

a respectable building. The first story is appropriated

to charts, state papers, and juridical records. The up-

per stories contain works of imagination and belles

lettres. When the French threatened to invade Hano-
ver, the Elector ordered the four copies of the beautiful

Oxford Bible, the books, and the precious monuments,
to be packed up and removed. We believe that they

were afterwards sent back to the capital. This library

was founded by Leibnitz, who bequeathed to it his own
fine collection of books. There are two portraits of

this great man in the library, one at the age of 40, and

the other at 60 ; and the arm-chair in which he expired

is there carefully preserved. His remains are interred

under a stone in the Lutheran church in the new city.

A very fine monument is also erected to his memory by
private subscription. It is an Arian temple, situateid in

an umbrageous thicket, at the end of a long avenue of

linden trees. Twelve columns, of the Tuscan order, of

hard grey stone, quarried in the Hartz mountains,

support a lipht cupola, beneath which is placed a white

marble bust of Leibnitz, taken from the picture of him

at the age of 60. " To the memory of Leibnitz," is the

simple inscription which reminds us of the labours of

this great philosopher.

The cemetery of the Jews is situated on an oval emi-

nence near the city ; and that of the Lutherans is a vast

field surrounded by a parapet, and crowded with fune-

ral monuments. The tomb-stones of the noble families

occupy a large space in the middle of the field. The
graves of the lower classes are every day covered with

fresh flowers. The remains of the celebrated physician

Wherloff lie under a triangular pyramid. '' Not far

distant," says Mangourit, " is a monument representing

a mother stretched upon the body of a beloved daugh-

ter ; the scissars of fate cut a lialf blown rose, and the

parent tree, stripped of its leaves, is torn up by the

root. Just by is the tomb of the lover of the young

lady. The sculptor has succeeded in depicting the

beauty and elegant figure of this youth. On one side

of the monument we behold a superb oak ; on the

other, the oak is reversc<l, its brnnrhes are broken, it*

leaves fallen, and its »crd scattcrrd '' Thrre nre hrrt
some tombs and sarcophagi of white marble

; but the
greater number are formed out of atone* from th« Harts
mountains.

There is at Hanover a nocicty ofmiturnl hiirtory : the
seminary for schoolmasters ; the female school of itidus.

try, conducted by Madame Klockenbrigg, m which <u>me
excellent pieces of embroidery arc executed and mjIJ
at a very high price

Hanover formerly carried on manufacture of vari-
ous kinds, particularly linen, damask, printed cotton,
tapestry, wax-cloths, stockings, caps, glove*, flannels,
serges, tobacco, lace, gold and silver lace, and ribband*;
but we have not been able to learn in what state thete
manufactures are at present. There is a cannon foun-
dry at Hanover, situated on the glacis of the city. The
retail shops of Hanover, and the ware-housev of clotha

and of French silk.s, are well supplied ; English duths
and cottons also abound.
The environs of Hanover arc very beautiful. The

city looks well at a distjmce with iti four 8teeple^^. its

houses intermixed with |)oplars and lime-trees, and it.i

rural suburbs. The irregular assemblage of religious

monuments, plain and handsome palaces, Gothic build-
ings, small wooden houses, churches painted of various
colours, and arbours of different sha|>es and sizes, have
a very singular effect. The windings of the Leine are

very agreeable, and the triple row of lime-trees plant-

ed along its banks, which are covere<l with rose bushes
and sword-grass. The windings of the Leine are, how-
ever, artificical. The springs near the fortifications not
being sufficient to fill the ditches, a canal w.is cut in a
serpentine direction, to the distance of about three ki-

lometers above the city. This canal now conveys the

provisions to the capital. In order to prevent the ri-

ver from flowing back to its former be<l, antl to relieve

it when too full, a large barrier, about ii kilometers

long, has been built of gray stone, so as to allow the

surplus waters to flow into its former channel by three

long dams. This work is admirably and solidly exe*

cuted.

The principal promenades at Hanover are the gar«

den of Madame La Baronne de Decker, the garden of

Count Field Marshal Walnjoden, Montbrillant and
Herrenhausen, the country seat of the Electors of Ha-
nover. The approach to Herrenhausen is by a long

avenue of lime-trees. The castle is by no means a hand-

some building, and the grounds are laid out with the

greatest uniformity. The water- works are good, and
before the central bnsin is a neat rural theatre. The
orangerie, which formerly served as a ball-room to the

court, is a very long hall decorated at every twelve

feet with copies of ancient busts. It contains some fine

orange plants placed in boxes surrounded with laurels,

and cut into a pyramidal shape. The garden of Her-

renhausen is extremely uiteresting to botanists, and is

said to be surpassed only by that of Schoenbrunn. Po-

pulation, 15,500, or 19,444 according to Tynna Al-

manac dii Commerce pour 1811. East Long. 9* 42' 55",

and North Lat. 52° 22' 25". See Mangourit's TravtU

in Hanover, passim ; and Reichard's Guide dtj VoyO'

gears en Europe, torn. ii.

HANSE Towns, is the name given to a number af

towns in Germany and the north of Europe, who en-

tered into a league for the protection of tiieir cooif

merce. This association is supposed to have commei>-

ced in 1169. It was confirmed in 1226 and liS*, and
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a general assembly of the members was lield every ten

years.

Almost evei-y trading town in Europe became ambi-

tious of joining the league ; but it seems to have been a

fixed principle, that every town was excluded that was

not situated on tlie sea, or on some navigable river.

In the year 1226, theHanse Towns were 72 in num-
ber ; and among these were Calais, Rouen, St Maloe,

Bourdeaux, Bayonne, Marseilles, Barcelona, Seville,

Cadiz, London, Lisbon, Antwerp, Bruges, Rotterdam,

Ostend, Dunkirk, Messina, Leghorn, and Naples.

The towns were distinguished into four classes, at

the head of which were I^ubeck, the capital of the

league, Cologne, Brunswick, and Dantzic.

This powerful association was in its most flourishing

condition about the end of the 14th and the beginning

of the 1 5th century, and interfered, to a great extent,

in the affairs of Europe. The jealousy, however, of

the European princes induced them to withdraw the

merchants of their respective countries from the league ;

and in a short time it was so much reduced, as to com-
prehend only the four principal towns of Lubeck, Co-
logne, Brunswick, and Dantzic. In 1803, the only
members of the league were Lubeck, Hamburgh, and
Bremen. What changes it is to receive from tlie re-

cent revolutions which have taken place in Europe,
time only can determine. See Commerce, vol. vii. p.

74, and Denmark, vol. vii. p. 623, 6"29.

HAN-TCHONG-FOO. See China, vol. vi. p.
208, col. 2.

HAPAEE Islands. See Friendly Islands, vol.

ix. p. 755, col. 1.

HAREM. See Seraglio.
HARBOROUGH. See Leicestershire.
HARBOUR. See Inland Navigation.
HARBOURG, or Haarburg, is a town of Germany,

in the kingdom of Hanover. It is situated opposite to
Hamburgh, on the Seeve, near its influx into the Elbe.
It is pretty strongly fortified, and is advantageously si-

tuated for carrying on a considerable trade. Great
quantities of wood are cut in the neighbourhood, and
sent to Holland and France. There is here a manufac-
tory for bleaching wax, a refinery of sugar, and manu-
factories of starch, stockings, ribbonds, and hats. Two
packet boats set out every morning and evening for
Hamburgh, the distance of which is only seven miles.
The harbour of Harbourg, which is called Lotz, is so
deep, that the largest vessels from Holland and Fries-
land can enter it and deliver their cargoes. A ditch or
canal, furnished with two sluices, has been cut from the
Elbe to the castle, which greatly facilitates the naviga-
tion and trade of the town. Population of the town
:J500.

HARDICANUTE. See England, vol. viii. p.

HARE. See Mammalia.
HARELIP. See Suboerv.
HAREWOOD, is a small town of England, in the

west riding of Yorkshire, and one of the most beauti-
ful m the kingdom. It lies between Harrowgate and
Leeds, in a fine, rich, and beautifully wooded country.
The houses are almost all built uniformly, and covered
with slate. Before we enter the town from the north,
IS Harewood castle on the westside of the road. It
stands on the brow of tlie hill, and is a lovely ruin al-
inost covered with ivy. It is esteemed a fine specimen
of castellated architecture, and is described in the
ArchcEologta, vol. yi. The gateway to Harewood house,
the seat ot Lord Harewood, is at the south end of the

5

town. It is recently built, and is one of the finest

pieces of architecture we have seen. The view of
Harewood house, and the surrounding country from the
top of the hill, at tlie southern gate, is unusually
grand.
IIARFLEUR, is an ancient town of France, in the

department of the Seine. It was formerly called Hare-
flolum, Harflevium, and Heriflorium. It is situated on
the small river Lezarde, at the mouth of the Seine, and
was formerly the key of France on the side of England

;

but it has fallen into decay, in proportion as Havre
has risen in importance. Its walls have been razed, its

harbour choked with sand, its fortifications demolished,
and its trade ruined. There are here small manufac-
tories for lace, cotton, linen, and beer. Peuchet, in 1 800,
has stated the population at 4388 ; but Tynna, in the
Almanac du Commerce for 1811, makes it only 1 b'OO.

A work was published at Harfleur in 1720, entitled

Anliquilcs dc Harfleur. See England, vol. viii. page
633, for an account of the siege of Harfleur.

HARIDI. See Achmim, vol. i, p. 104.

HARMATTAN. See Guinea.
HARMONIC, in music, an interval so named fay

M. Henfling, whose ratio is m,=2l2-J-2 m, and is the
greater Enharmonic Diesis, which see.

HARMONIC Elements, or Concordant Elements,
are the three smallest concords, viz. 3d, III, and 4th,

each one of which singly is harmonious ; so is tlie sura
of every two of them, as 3d-|-III= V, 3d^-4th=6th,
and III-f.4th=VI ; and so is the sum of all three, as

3d+ III-f-'lth=:VIII; and further, this latter concord
(VIII) may be added once, or any greater number of
times, to itself, or to any one of the six concords above
mentioned, and still a concord will result : thus,

2VIII=XV; 3VIII= XXII; VIII-}-3=10th; VIII4.
III-X; 2VIII^-4= 18tb; 2 VIII-1-V=:XIX, &c.
are all concords ; and, except the Unison (1), there are

in nature no other concords, or combinations of two
sounds, which are agreeable and pleasant to the ear, and
produce beats when slightly altered or tempered, but
those derived in tlie manner above described. See
CoNCOIiD. (e)

HARMONIC Sliders, are the contrivance of Dr
Thomas Young, for exhibiting to the eye the effects ofthe
undulations or beats of tempered concords, which he has
described in the Journals ofthe Rot/nl Institution, p. 261.

and illustrated the same by a drawing, intended to repre-

sent the beating of the imperfect unison, wliose ratio is

\^, =50.460332 4. f-}- 4 m j but which being nearly as

large as the elementary semitone and a discord, is very

improperly called a unison, or a beating concord.

The following is Dr Young's own account of this in-

vention :
" The combination of undulations is of ac-

knowledged utility in illustrating the phenomena of

musical consonances and dissonances, and of undeniable

importance in accounting for many of the phenomena
of the tides. Each tide is an undulation on a large

scale ; and, supposing the general form of the ocean, in

consequence of the attraction of a distant body, to co-

incide with that of an oblong spheroid, as it is found

by calculation to do, the section of the surface of each

tide, if conceived to be unbent from the circular form,

and extended on a plane, would form the harmonic

curve: (Young's Syllabus, IV. 151. 155.) It is re-

markable that the motions of the particles of the air in

sound have been generally supposed in theory to cor-

respond with the ordinates of this same curve, and that

there is also experimental reason to believe, that tlic

purest and most homogeneous sounds do in fact agree
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very nearly with the law of thi« curve. It is therefore

by fir the most natural as well ns the most convenient

to be assumcil, as representing the state of an undiilii-

tioii in general ; and the name of these harmonic sliders

is very properly deduced from the harmonic curve.

By means of this instrument, the process of nature,

in the combinations of motion which take place in va-

rious cases of the junction of undulations, is rendered

visible and intelligible, witli great ease, in the most

complicated cases. It is unnecessary to explain here,

how accurately both the situations and motions of the

particles of air, in sound, may be represented by the

ordinates of the curve at different points : it is sufficient

to consider them as merely indicating the height of the

water constituting a tide, or a wave of any kind, which
exists at once in its whole extent, and of which each

point passes also in succession through any given place

of observation. We have then to examine what will be

the effect of two tides, produced by different causes,

wheh united. In order to represent this effect, we
must add to the elevations or depressions in consequence

of the first tide, the elevations or depressions in conse-

quence of the second, and subtract them when they

counteract the effect of the first : or we may add the

whole height of the second above any given point or

line, and then subtract, from all the sums, the distance

of the point iissumed below the medium.
To do this mechanically is the object of the harmonic

sliders. The surface of the first tide is represented by
the curvilinear termination of a single board, Plate

CCLXXXVIII. Fig. 1. The second tide is also repre-

sented by the termination of another surface ; but, in

order that the height at each point may be added to the

height of the first tide, the surface is cut transversely

into a number of separate pieces or sliders, which are

eonfined within a groove or frame, and tightened by a

screw, Fig. 2. Their lower ends are situated originally

in a right line ; but, by loosening the screw and mo-
ving the sliders, they may be made to assume any

other form : thus they may be applied to the surface

representing the first tide ; and if the similar parts of

eacli correspond. Fig. 3, the combination will represent

a tide of twice the magnitude of the simple tides.

The more the corresponding parts are separated, the

weaker will be the joint effect. Fig. 4. ; and, when they

are furthest removed, the whole tides, if equal, will be

annihilated, Fig. 5. Thus, when tlie general tide of the

ocean arrives by two different channels at the same

port, at such intervals of time that the high water of

one would happen at the same instant with the low

water of the other, the whole effect is destroyed, except

so far as the partial tides differ in magnitude. The

principle being once understood, it may easily be ap-

plied to a multiplicity of cases : for instance, where the

imdulations differ in their dimensions with regard to

extent. Thus, the series of sliders being extended to

three or four alternations, the effect of combining un-

dulations in the ratio of 2 to 1, of 3 to 1, of 2 to 3, of 3

to 4, may be ascertained, by making a fixed surface,

terminating in a series of curves, that bear to those of

the slidmg surface the ratio required : and, by making

them differ but slightly, the phenomenon of the beating

of an imperfect unisoti in music may be imitated, where

the joint undulation becomes alternately redoubled and

evanescent. In Fig. 6. the proportion is that of 17 to

18, and the curvilinear outline represents the progress

of the joint sound from the greatest degree of intensity

to the "least, and a little beyond it."

HARMO>iICALMEAN, is a term used by arithmetical

ami algcbraicAl writers to cxprem certain relatiooa of
numbers iiud quantities : but with which miaicai cml>
culntors will find, thiit they need have little to do; anr
more than with the harmonical or miuical prgportiam
and progressions, of the same writem. If two quuk

iab
titles a and b are given, tlien r- is laid to be the kar-

monical mean between them ; for example, between V
and (5, the harmonical mean is Y= '• "etwecn 5 and
9, it is ^;= 6V Dr Smith in hi* Harmonici, 2d edit,

p. 125, shews, how to find the harmonical mean, among
any number of quantitirs : see also p. 141 , Ibid.

HARMONICAL or Musical PHoroRxiON, of arith-

metical and algebraical writers, is said to obtain between
three quantities, as a, A and c, when a: c:: a—b : h—c

;

and between four quantities, as d, e, f and g, when
d:g::d—c:f—g; and so 2, 3 and 6 ; and 1, 3, 2
and °6 are said to be in musical proportion : And se-

veral of these writers -say, that if to the three terms aboW;
mentioned, " proportional terms are continued, there
will arise an harmonical jirogrestion" or series : h jt in

all these cases, the terms harmonical and musical, seem
onlyJigiiralivefy applied, (j)

HARMONICS, in music, besides being used to de-
signate the science or philosophy of musical sounds, as

Dr Robert Smitlx uses this term, in making it the title

of his justly famous work on this subject, imply also

certain derivative or dependent nen sounds, which,

under favourable circumstances, are generatetl and
heard, along with every single musical sound, or ac-

companying every consonance of two such sounds, but
with less intensity or loudness than the original, or

generators of these new sounds ; and in the latter case, of

their production by a consonance, when they are called

grave Harmonics, (see that article,) such new sounds

are further distinguished, by not having & Jixed direc'

lion, towards (or from) the sounding body, but, like the

sensation called " a singing in the ear," they are alike

heard in any direction to which the ear is turned ; a

property of these derivative sounds, which Mr John
Gough first explained, we believe, in Nicholson's Jour-

nal, 8vo. vol. iv. p. 2. The other kind of these new
sounds, derived from a single sound, are called acule

Harmonics, which see. ({)

HARMONICS, Acute, are phenomena attending a

sounding string or pipe, &c. which were first noticed

by Galileo, and subsequently by Peter Marsenne,

M. Sauveur, M. Tartini, &c. : but Daniel Bernoulli first

discovered the reason, and explained the theory of the

acute harmonics, by shewing, that a sounding string,

at the same time that its whole length vibrated a given

note, might maintain subordinate vibrations of its half',

its third }psirt, itsfourth, and its /f/M parts in length;

each of such vibrating parts impressing on the sur-

rounding air, independent pulses, the times of whose

single vibrations are in the ratios 1, i, f, |, f ; and by

which the original sound or generator, would be ac-

companied by its octave or VIII, iu major twelfth or

XII, its double octave or XV', and bv its major seven-

teenth or XVII ; although only the XHth and XVIIth.

or octave of the fifth and double octave of the major

third, had yet been described, among the acute harmo-

nics attending a sound. And this great mathematician,

although unable to contrive any experiment, by whidi

the vibrations of the \ and ',th part of the string might

be evidently shewn to subsist, along with the whole vi-

brations, yet he shewed, from the nature of the Taylo-

rean or harmonical curve, that these subdivisions of a

sounding string, were not only alike possible, and even



640 HARMONICS.
Hannonics, more probable to happen than those of fd, and fth

;

,^cute. |,m jjj^t theory and probability were not against the
' happening, of even more minute vibrating divisions of

the whole string, as ^th, ^th, ith, |th, &c. : and that in

the use of the trumpet, horn, and other sounding tubes

or pipes, all these subdivisions of the whole vibrating

column of air might be made, separated by nodes or

points in the axis of the tube in a comparative state of

rest with regard to these inferior or harmonical vibra-

tions, although moving to and fro with the velocity

peculiar to the sound of the whole tube : and he in-

ferred, with great seeming probability, that the parts

of bells and most other bodies yielding musical sounds,

were in the same manner capable of subordinate or

acute-harmonic vibrations, along with those of their

principal or gravest sound.

It was probably not imtil about the year 1765, after

the very ingenious Mr James Watt of I3irmingham had
'contrived his wheel monochord, that the acute harmo-
nics of a vibrating string were produced in experiment,

and some of them actually rendered visible to the eye

;

as is 1 elated by the late Dr Robison, who, several years

after, i lade a more extended and complete set of expe-
riments on the same instrument which Mr Watt had
before used ; thereby fully confirming all that D. Ber-

noulli had theoretically advanced.

Some years after this, Mr John Isaac Hawkins of
London, the ingenious inventor of the piano-forte with
spirally coiled strings, and of the claviok, or finger-

keyed viol, contrived an experiment, which seems to

leave nothing to wish with regard to this very curious

and interesting subject. A spirally coiled string, many
feet in length, was prepared by winding a brass piano-
forte bass wire closely round a steel wire about the size

of a crow-quill ,and when removed therefrom, pulling
it out, so that its spirals became considerably more
open, comparatively, than those of a common cork-
screw, or the string was nearly in the state of being
" cockled," as tuners call it, at equal distances, through-
out its whole length. Along the side of a large wains-
coated room, this spirally coiled string was stretched,

over two bridges, near its extremities, and brought to
such a degree of tension, as not to yield a sound, but
leave its vibrations, when strongly twitched, plainly vi-

sible to the eye. The space between the bridges had
previously been carefully divided, on the wainscoat, into
numerous equal parts, and marked 4; -f,

•?- ; i, (4-), i;
h h T. r} h ii)> ii). {^). h &c.; and if, when the
whole string was vibrating, a slight obstacle was oppo-
sed to the vibrations of the string, opposite to any one of
these divisions, like the edge of the feathers of a quill,

held to touch it very lightly, or even, if a sudden blast

of air from the mouth were made on the string, oppo-
site a division, the string instantly assumed all the sub-
ordinate vibrations proper to the aliquot division
against which the obstacle or impulse was directed;
and the eye and ear too, in many of the instances, could
be gratified, by seeing these very compound vibrations
simultaneously carried on by the whole string, and by
its several aliquot parts, during several minutes, under
favourable circumstances, many of the vibrations being
slow enough to be counted, and their number in a gi-
ven time ascertained and compared, by which every
point of the theory of D. Bernoulli is in the fullest man-
ner confirmed.

Thus an evident explanation is offered, of all the cu-
rious harmonic effects, of several unison strings on the
.ffioLiAN Horp, (see that article) when agitated by ir-

regular gusts of wind : acting momentarily on the whole Hamior

string, and on its different nodes, with sufficient force, ^'^^'

to excite t/ie determinate vibrations, which the elasticity "^"""^

of the string, and its parts, dispose them severally to
take ; but all of which vibratory motions are so vastly

quicker than the mere motion of the wind, that we can-
not agree with Dr Matthew Young in thinking, that

particular tones are excited, or kept up, by that means.
We have calculated the values of all the aliquot parts

of a string or pipe(in Farcy's Notation of Intervals) above
the note of the whole string, viz. i, f, |, &c. as far as

^, and deducted octaves, so as to bring them all within
the compass of one octave ; and the same when arran-

ged under their respective finger-key intervals, stand
as follows, viz.

{

VIII

VII

7th

VI

6th
V
5th 7
IV

I

4th

III

3d
II

2d
I

Xt^V, = 5 VIII— 28.11748 2— 2 m
I ][

r^':^4 VIII
-f.

7th* -f- 6.12449 S + i».

It. V^>tV. • • • 7th— 24.9472 S— 2im

f^V = VI', = VI -f lls-f m
"[t't. tV> • • • VI— 22.58107 s— 2 m
VT = 6th— 21 S— 2 mIII I

, fSth-f. 9.46026 s -f m
'T lIV ^- 19.46026 S -f 2 m

III
rV ;

• •

7' T

4th -f 27.25171 2 -f 2 ra

= 4th— 1 3.9472 2 —m
= 3d— 9.270982— ra

= 8-3.468192

Wherein the errors or temperaments of all these acute

harmonic notes are set down ; and hence we perceive

clearly the reason why a sound is accompanied chief-

ly by its Vlllth, Vlll+Vth, and 2 Vlll-f Ilird, and
rarely by any other of its harmonics, viz. because -| of
the string is strengthened, or reinforced by four other

octaves to it: the Xllth (or V) is re-inforced by
3 other octaves to it, and the XVIIth (or III) by two
other octaves to it ; and these three are the only con-

cords to the whole string, that are found among its nu-
merous harmonics. The II and the VII, each with

the reinforcement of an octave thereto, should, and
accordingly are, next heard in the order of acute har-

monics. The harmonic 6th, being a diatonic interval,

viz. 6—£, whose ratio is \^, — 394 2 + 8 f + 34 m,
may perhaps, under very favourable circumstances,

be heard as an acute harmonic : but when the very

discordant nature of all the remaining sounds in one

table, both with the generator and with all of its other

harmonics, respectively, are considered, it seems very

plain why these sounds, although momentarily produ-

ced by a gust of wind, or other impulse, on the proper

part of the string, almost immediately die away, and

cannot be maintained, as the Vlllth, XI Ith, and

XVIIth may be, and others, in less degrees, (j)

HARMONICSjGbave. These are low sounds, ofsmall

intensity or loudness, which, if attentively observed by

an experienced ear, will be heard to accompany every

accurate or perfect consonance of two sounds, whose ra-

tio is expressible in small numbers, whether the same

may be composed of the Diatonic primes 1, 2, 3, and

5, or of somewhat larger prime numbers.

A grave harmonic of a different species from the above

• The ratio of tUs minor seventh being f, = £19 2 -|- 10 f + 4i m.
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amonics, is also heard whenever theBEATS ofan imperfect or tem-
Grave, pered concord (see that article) exceed 1!2 or 13 in a se<
""Y"™^ cond of time.

About the beginning of the last century, M. Sauveur
considered the reinforcement of sound which must pe-
riodically take place, while we hear a consonance of
two musical sounds whose ratios are in small numbers,
occasioned by the coincidence at short intervals of the
pulses ofthe two sounds. These reinforcements he called

heals ; and, as Dr Robert Smith has observed, impro-
perly confounded these, which are grave harmonic
sounds, (because rarely occurring so seldom as 12 times
in a second,) with the beats (of imperfect concords) pro-
perly so called, which can be separately heard, and dis-

tinctly countetl, in every instance where the degree of
temperament or imperfection is sufficiently small.

About the year 1754, M. Rameau and M. Tartini first

made observations on the coincident pulses of conso-
nances with small ratios ; but each of the ten grave har-
monics which the latter has mentioned, have l^en found
by later observers to be an octave too Iiigh ; that is, the
new sounds really heard to result from the rapid coin-
cidences of the pulses of the single sounds, are an oc-
tave lower with regard to these sounds than Tartini
supposed; errors which few will wonder at, who have
experienced the difficulty of avoiding errors of an oc-
tave, or sometimes more than one, in estimating sounds,
that are either very high or very low.

In 1807, Mr John Holder published a work on mu-
sic, in which he attempted to build a goo<l deal of the
theory of composition and harmonical effect on these
grave harmonic sounds, accompanying consonances as
their " dependants ;" but most of his speculations have
failed, and many of them led to very absurd conclusions,
owing to his having set up and used a defective or false

rule, for assigning the grave harmonic of a given conso-
nance.

It is the more necessary, therefore, to give here a
true rule for the finding the grave harmonic ofany given
consonance, viz. Find the vibrations made by each ofthe
sounds of the given consonance in one second, divide
these successively by the reversed terms of the given
ratio of the consonance, and the quotient (in each case)
will give the vibrations fer 1" of the grave harmonic

;

the ratio of which vibrations, to the vibrations of ei-

ther of the given sounds respectively, will give the in-

terval of the harmonic below such given sound.
If, for example, the major second CD were given hi

the middle of the scale, where the ratio is |, and the
sound of the lowest note (on the tenor cliff line) makes
240 vibrations per 1", then |x 240=270 is the vibra-

tions of D, and '^°=30, or '*°=S0. the vibrations of
the harmonic note ; and its interval below the lower note
C is ,'j%=|, or 3 VIII ; and below the upper note D
18^7?^=^, = 3VIII-I-II. The principal intervals of the
scale, and some others, calculated as above, have their

grave harmonics shewn in tlie following Table, viz.

i VIII 480 240 1
T 1 i VlII

s VII 450 30 XXII XXVIII
r 432 48 t

r XVII X
9

XXIII
h 7 426^. 26^ I

•5" XXIII 1 XXIX
1 VI 400 80 I

T XII X XVII
5 6 384 48 X

s
XVII i XXII

T V 360 120 i VIII
1

XII

i

4
III

S
3"

II

ir
i
1

380 80
300 60
S8S 48
S84J 84
S70 SO

S66f «6|
256 16
240

\
I

XII
XV

xvir
XXXIV
XXII
XXIII
XXVIII

The first column of the above Table, shews the ratio*

of the given consonances ; the second, the intervals ex-
pressed in numerals; the third, the vibrationn per second
supposing the lower part to be the notf on the tenor-
cliff line of the stave ; the fourth column contoinn tlw
calculated vibrations of the harmonic note ; column /fiw

shews the ratio, and column six the interval ofthis har-
monic, below the lowest of the given notes or C ; and
columns seven and eight shew the same things with re-

gard to the highest ofthe given notes.

For the sa!<e of more ready comparison with Mr Hol-
der's defective rule for calculating grave harmonics, the
errors of which it scemetl of some importance to place

in as clear a view as jiossibic, we have given abo\e a far

less simple rule for obtaining the r.itios of the new
sounds, with relation to either of their generators, than
the one which we are now about to add, viz. The ratio

of any given consonance above a bass or fundamental

note, being—, a being the least term of the ratio;

then -7- is the ratio of the grave hiumonic below the

bass note, and -p the ratio of the same harmonic below
o

the upper note of the consonance ; which is too evi-

dent, from an inspection of the above Table, to need a
]iarticular example.

With regard to the other kind ofgrave harmonics, the

results of tempered concords, which beat too fast to be

separately counted or perceived : If, for instance, we
were to consider the grave minor third

-J J in the above

Table to be a tempered concord, we should have, by our

fourth methotl in the article Beats, 240 X tJ— 284J x 5
— 1 44,0— 1422^= 1 1^, the beats per second, or vibrations

of this grave harmonic, being just double, or an octave

higher than those in the Table above, and so of others ;

but onr limits will not admit of our enlarging further

on this subject, (j)
HARMONICA. See Musical Giasses.

HARMONY, in Music, is a term which appears to

have completely changed its signification since the first

use of it. The ancient Greek writers, who seem to

have contemplated only the succession of sounds which

we call Melody, (see that article,) attached to such

successions as were pleasing and agreeable to the car,

the name of a woman celebrated among them. But in

more modern times, when the simultaneous as well as

the progressive eftiects of sounds on the ear came to be

practised and considered by writers on this subject, the

term melody was applied to successions of sounds, par-

ticularly to such successioiw as are on the whole plea-

sing, and the term harmony was transferred to the

newly contemplated anil pleasing effect; of certain in-

tervals, when their limiting sounds are heard together,

viz. 1, 3,111.4. V,6,VI ; VIM, 10, X, n. XII, 13,X11I;

XV, 17, XVII, &c.» whwse raUos are 4, f, f. i. i. 4. f »

* No limits have yet been assigned to this harmonic or concortfant scries J found hy adding itvt%,JiniTiun, tvtnlywe, *c. to wh
of the first »even numeral terms ; or by multiplying the terms of the ilrst seven ratios by |, i, i. 4c. to produce tbc rsiios of concord*-

in the successive octaves.

TOL. X. PART 11. 4k
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Harmony. I, ,»,, », ?., |,

^s^, ^^ ;

^"~if~^ See that article.

s &c. called Concords.

The further progress of musical discoveries next

shewed, that certain others of the simple intervals, as

I, 2, II, IV, 5, 7, VII ; 8, 9, IX, XI, 12, 14, XIV ; 15,

10, XVI, &c. ; or fYY' tn' v xr> w^' ts> ^T > t ,r> t»
i. ih AV> /t. tV; t'tV. U' h &C; called Discords,

(see that article,) might be occasionally mtroduced

among, or in the place of some of the concords above

mentioned, without destroying, but, on the contrary,

heightening the pleasure of their effect on an ear accus-

tomed to this mixed harmony of concords and discords.

When this mixed hai-mony came to be practised on

instruments having fixed notes, the pitch of which the

performer could not alter, as the singer, violinist, &c.

can their notes, it was further discovered that each of

the concords and discords above mentioned, admitted of

alteration, in small and unequal degrees, without alto-

gether losing their respective characters or effects,

when heard together in chords ; but the pleasing effect

in composition of many of these chords, were some-

times even improved, by the alteration ofa major comma,
(c, or-|^); and hereby another class, of comma-defi-

cient and of comma-redundant concords were introdu-

ced, as S, 3', III', 4', r, V, b\ 6', VI', VIIF ; &c. and
so of the discords, T, 2', ir, 11', IV, IV', V',7',Vir,
Vir, 8', &c.

And in adapting music to only 12 fixed sounds, with-

in each octave, the simple or numeral intervals above
mentioned were found altered, in some instances more
than the major comma, but in more numerous instances,

by less and very different degrees of alteration or at-

temperament, in order to render music played thereon

tolerably agreeable to the ear. And hence it becomes
necessary for the musical student to be aware of the
distinctions, which we shall now proceed briefly to enu-
merate, viz.

Artificial Harmony, implies a mixture of simple or
untempered concords, and of discords in the chords, or

between the notes that are heard together, in any piece
of music.

Equal Harmony implies, according to one class of
writers, an equality of harmoniousness between the dif-

ferent keys of music, but which is more properly called
Equal Temperament: See that article, and Isotonic,
But according to Dr Robert Smith, and others of our
best writers on the subject, this term should be restrict-

ed to systems in which each of the six concords, 3, III,

4, V, 6, and VI, are so tempered, as to be equally and
the most harmonious or pleasing amongst themselves,
while 1 and VIII remain perfect See Equal Har-
mony.

Natural Harmony, according to Dr Busby, admits

in theonly ofthe harmonic triod, or common chord .Y,,

accompaniments of a piece of music.
Perfect Harmony, implies the use of perfect or un-

tempered concords only, such as are produced by good
singers, violinists, &c. when they perform full music in
concert, and which, as Mr Farey has shewn, in the
Philosophical Magazine, vol. xxvii. pp. 206 and 314,
contains all its temperaments in the leaps or successive
intervals of the melodies of the different parts, and none
of such in their combined or simultaneous intervals of
harmony, all of which are produced perfect, or without
temperament. Mr Maxwell, in 1781, fully explained
this system, as applicable to the violin, and made some
attempts at applying the same to the organ, but without
effect, (see MiixwELi's Scales.) Several years after-

wards, however, the Rev. Mr Listen completed his

EuHARMoNic Organ, (see that article,) and, in 1812,
published his Essay on perfect Intonation, wherein this ,

curious and important system is fully explained. See
Liston's Scales.

Tempered Harmony, is such as must of unavoidable

necessity be heard, in several or all of the concords,

(and discords too, ) in performance on the commoner
imperfect keyed instruments, having only twelve, or
even a greater number of sounds in each octave. See
Tempered Systems, (g)
HAROLD I. See England, vol. viii. p. 595

—

600.

HAROLD II. See England, vol. viii. p. 597.
HARP, is a stringed musical instrument, which has

gained much celebrity from the estimation in which it

was held among the ancients. Though the harp be of
eastern origin, it has been the subject of animated con-
troversies, whether the instrument was actually known
to the Greeks and Romans in any shape analogous to
its present form. It appears most probable, however,
that they were not ignorant of it, and that some of
the instruments passing under different names, whose
elementary parts and principles are the same, should
be considered only as modifications of each other. But
the researches of late travellers have brought more in-

teresting objects to view than those exciting dry dispu-

tations. Mr Bruce, in visiting the catacombs of the
Theban kings, who are supposed to have been cotem-
poraries with David king of the Jews, 1000 years be-

fore Christ, discovered two paintings of the harp in

fresco, each played by an old man standing, clothed in

a wide tunic, and having his head shaven. One has
13 strings, but wants the upright, or that piece of the

frame next to the longest ; and the sounding board
is of a conical form, enlarging below in proportion to

the length of the string. The other has 18 strings,

and seems to be a harp formed of similar materials;

but the distribution of the parts is different, and the

lower strings are united to the base, not to the sounding
board. Both are represented as being played in the

same manner, and by men in the same position. After

describing the ornamental parts, Mr Bruce affirms, that

" it would be even now impossible either to construct

or finish a harp of any form with more taste and ele-

gance." However, while preparing to make further

researches, he could not prevail on his conductors t9

wait any longer in the catacombs ;
" with great cla-

mour and marks of discontent, they dashed their torches

against the largest harp, and made the best of their way
out of the cave, leaving me and ray people in the dark;

and all the way they went, they made dreadful denun-

ciations of tragical events that were to follow their de-

parture." It is to be inferred from the figures, that

each harp is above six feet high. The pui-port of Mr
Bruce's description, which is much more copious than

quoted here, has been strangely misunderstood, though

it must be admitted that this was partly owing to his own
imperfect communications to Dr Burney. Whence it

has been asked by Mr Jones, " Whether the Theban
harp originated in a phantasm }" and even Mr Browne,

the African traveller, says, while visiting the catacombs

of Thebes, " I particularly observed the two harpers

described by Bruce, but his engraved figures seem to be

from memory." We cannot entirely solve these difficul-

ties; but had those who have spoke most positively on

the subject, referred to the first volume of Mr Bruce's

Travels, instead of Dr Bumey's History of Music, they

would have obtained more distinct ideas of it. How-
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HttT>. ever, during tlie late expedition of the French, the se-

"•nr™^ pulchres of tlie kings of ThelK's were again vi.sited

;

and M. Denon acquaints us, that in a " fourth cham-
ber, there is a fi<fure clothed in white, playing on a
harp witii eleven strings: the harp sculptured with orna-

ments of the same tint, and consisting of the same wood
as ours are now made " On recurring to Plate CXXXV.
of the large edition published by the French govern-
ment, we observe two figures playing on harps, one
represented with 27 strings, the other with 33 ; and
also a third, apparently in miniature, touching a harp
with only 9. The first of these is a person standing,

clothed in a robe tucked up between the legs ; the se-

cond is a naked woman on her knees. Both harps are

of elegant workmanship, ornamented with sphinxes;

and, instead of being triangular, the upright is bent in-

to a curve along with tiie base. Neither of them bears

any resemblance to the first or triangular 13-stringetl

harjj of i\Ir Bruce, but his second is formed at\er the

same fashion. From all this it is to be inferred, that the

harps represented by Denon were seen in a chamber
dift'erent from that visited by Bruce, and most probably
the same remark will apply to what is said byMr Browne.
We can scarcely suppose it possible that there could be
so irreconcileable an error as to mistake a naked woman
sitting on her knees for a man standing, and clothed

after a particular manner. Farther, it is likely that

Denon was in more sepulchral chambers than one, or

in different recesses of the same apartments : and it

has never been said that these paintings were confined

to a single excavation only. The harp, therefore,

was an instrument evidently brought to a degree of

perfection among the Egyptians, while Greece was yet

in its infancy.

In order to facilitate the understanding of illustrations

which may be given of the more ancient construction

of the harp, we shall briefly describe its present struc-

ture and compass. This instrument is now, as it has

always been, of a triangular shape; and the gradual

elongation of the strings also protluces their general ar-

rangement in a corresponding triangular outline. One
side of the triangle is formed into a large expanding

sounding-board, on the construction of which much of

the intonation depends. The whole strings are united

to it. A base whereon the harp rests solidly is formed

at the lower angle ; and here are placed several pedals,

which, by an ingenious mechanism, produce flats and

sharps. It is commonly, but not always strung,

with 35 strings, the lowest equivalent to double A or

B4B

m
of the piano forte, and the highest note equt

valent to double G or -yr— of the same instru.

ment : thus the compass, which is arbitrary, is consider,

able. However, most of the modem harps have seven

or eight strings of the bass, to increase it still farther,

which, in our opinion, is a very questionable expedient,

rendering the total number 43. But this is considerably

augmented by the operation of the pedals. These are

usually seven in number, and are designed according to

the effect they produce : the E pedal changes E flat, in

which the harp is now invariably tuned, into E natural;

the F pedal changes F natural into F sharp, and the G
pedal changes G natural into G sharp. In some in-

struments, the change by simple pressure is to the ex-

tent of a semitone; m others of the latest construction.

by increasing the nresiurc on the p«U1, the itrinn af-
fected by it are aWpeiiMi an«.t' • t(mr. Thr
notes are thus olrtaiiMcl from as .,,g. The ae«
tion of the pedals, as their name iinpliti., i« operated by
the feet

; four being appropriated for the right f«ot,
and three for tlic left. All the itringa are of catgut,
except seven or eight of the lowest, which coniitt of
silk covered with silver wire, as the lowett itring* of
the violin and violoncello. In the harp the C'l are co.
loured red, and every F is blue, in order that they may
be more readily distinguished by the performer: the
others are of the ordinary yellowish white of catgut.
The whole instrument of the largest size is nearly lix
feet high, and in Britain costs 100 guinea*.
The name of the harp is said to be of Saxon origin ;

and we can probably trace it to the tenth century ; for
the author of the life of St Dunstan, who is supposed to
have been a cotemporary, observes, " Sumpsit secum
ex more citharam suara, quam lingua patema hearpam
vocaraus." {Ada Sanclnriim, torn. iv. p. 350.) Ve-
nantius Fortunatus, a continental author of the seventh
century, uses this expression, " Plaudat tibi, Barbarus
harpa ;" which has been conjectured to apply to Bri-
tain. The harp is called Teli/n in Welsh, and Clartach
in Irish.

We can scarcely ascertain, at the present day, under
what form this instrument first appeared in these
kingdoms; but it was undoubtedly well known in

Wales and Ireland. Nor were the English and Scotch
strangers to it ; though its music was less cidtivated
among them. An ancient Irish harp which has had 28
strings, and is 32 inches high, is reported to have be-
longed to a certain king, Brian Boromn, who w;is killed

in battle in the year lOl*. His son liaving retired to
Rome, presented his father's harp and crown to the Pope,
on purpose to obtain absolution for a murder he had com-
mitted; and both remained in the Vatican until the harp
was sent by the reigning Pope to King Henry VIII. ancf,

after passing through the hands ofvarious owners, it was,
in 1732, deposited in the library of Trinity College, Dub-
lin. That such an instrument was actually at Rome in

the time of Adrian IV. between 1154 to 1159, seems
established from record ; but the presumption of this

particular harp remounting to so very ancient a period

of Irish history as 1014, rests only on a very slight foun-

dation. Two harps of considerable antiquity have late-

ly been seen in Scotland ; one of which, in size, appear-

ance, and structure, narrowly resembles the Irish harp.

Both are preserved in the family of Robertson of Lude;
and the history of the oldest can be traced to about the

year 1460. It is 38 inches and a half in height, and
has had 30 pins, originally of brass, with as many cor-

responding string holes, all neatly ornamented. The
other is ascertained to have belonge<l to Queen Mary,

and is altogether of a more modern fashion and smaller

dimensions. It is 31 inches high; the sounding boanl

is only 11 inches and a half hruad at the base, whereat that

of the former is 16 ; and there have been 'J8 strings, the

shortest two inches and a half long, while the second

and third of the Caledonian harp have not exceeded two
inches. The longest string of the latter is only 21

inches and a half in length ; that of Queen Mary's 24.

It is said that Mary having carrietl this instrument

along with her in an excursion to the Highlands, in the

year 1 563, presented it to a lady who was married into

the family' of Lude. It was formerly omamcnte<l with

the Queen's portrait, and the Scotish arms executed in

gold, of which and other jewels it was despoiled during

the rebellion of 1745.

None of the harps we have named exhibit pedals.

Huy.
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Harp- which are: reported to have been invented by M. Simon

-nr—' at Brussels, between 1750 and 176O. The principal

olyect of the pedals is to diminish the number of

strings ; for although the most grateful music certainly

does not consist in the greatest variety of notes, a con-

siderable range becomes necessary to adapt an instru-

ment to all compositions. Probably the strings of the

harp were originally very few ; indeed, in this respect

its structure is alt(^ether arbitrary; and the number
has been different at different eras and in different coun-

tries, as is proved by the examples already given. In

France, a harp is spoken of in the 14-th century with 25

strings: in England, one of the same century, or per-

haps earlier, is represented with only 14, and one of

the 1 6th is described to have had 33. It will be observed,

that we have hitherto spoken of the strings of a harp

with a single row : and they have even been greatly

augmented beyond these numbers; but some ingenious

mechanics have adopted a second or third row, for the

purpose of multiplying the notes. Galileo, in a work
written about the year 1582, speaks of harps with 54,

56, or 60 strings used in Ireland, from which island

the harp of Italy was introduced ; and having obtained

one from an Irish gentleman with two rows of strings,

consisting in all of 58, he found they were disposed

in the same manner as a harp of the same construction

introduced a few years previously into his native coun-

try. Mersenne represents a harp with 75 strings, arran-

ged in three rows. The Welsh are said to have had one
similar ; and the number has sometimes been increased

to 100. The introduction of pedals, however, has su-

perseded the necessity ofsuch a variety of single notes.

The harp was generally strung with brass or steel

wire. The Western Islanders or Highlanders of Scot-

land had a particular kind of harp strung witli the

tendons of animals; and the Welsh sometimes used
horse hair. We are quite uncertain regarding the real

compass of the most ancient hai-ps, or the manner in

which they were tuned.

Diodorus Siculus says, that the instruments used by
the Gallic bards resembled lyres ; but it is doubtful
whether or not this was the harp, and there is very little

certainty regarding its origin in these islands. Its most
ancient appearance is of very rude and imperfect
form, though considerably diversified ; but the strings
seem invariably to be very few. Performers too are
frequently represented as holding it in one hand while
they are playing with the otlier. Mr Lcdwich con-
ceives it was introduced into Ireland in the fourth
or fifth century, from the close connection of the Irish
" with the Saxons and other rovers from the Baltic
shores, who conjunctly ravaged the coasts of CJaul and
Britain in those ages." In Scotland it appears sculp-
tured on a very ancient monument near the church
of Nig in Ross-shire, engraved by Mr Cordiner ; and an-
cient sculptures or drawings of it are to be seen in
England, though frequently with a reference to religi-
ous matters. Probably the harp was not used in Scot-
land to any extent, though it was known to individuals

;

and, subsequent to the date of the instruments before
alluded to, there is recorded, in a curious account of an
insurrection in 1594, a prophecy regarding the Earl
of Argyle's harp being heard in the district of Buchan.
In Ireland and Wales, the case was different; for
the harp seems to have been carefully and extensively
cultivated ; at least in as far as the rudeness of the
people would admit. Giraldus Cambrensis bears the
roost unequivocal testimony to their powers and the
quality of their music ; affirming, that the Irish were
incomparably the most skilful Qf any nation in mu-

sic, and not of that dull and languid description to

which the inhabitants of Britain were accustomed, but
^

what required much rapidity in execution. Probably
their abilities greatly declined ; for we afterwards find

it observed, that Crusus was to be considered as almost

the only harper about 1584. In Wales still greater

attention was paid to the instrument, and Giraldus is

alike lavish of his praises on the performers. There
was even a triennial congress, whither all the most dis-

tinguished musicians repaired to compete in skill ; and
there is still preserved a small silver harp about six

inches and a half high, which was conferred on the vic-

tor. The privilege of bestowing this badge seems to
have been vested in the family of Mostyn. The con-
gress was held by royal authority at some of the royal re-

sidences in Wales ; and, besides others, we read ofa man-
date issued by Henry VIII. in 1523, for the purpose of
instituting order and government among the professors

of poetry and music, and regulating their art and pro-
fession according to the old statute of Gryffyd ah Cynan,
Prince of Aberflraw. Another was assembled by order
of Queen Elizabeth in 1568 at Caerwys, where degrees
were to be bestowed according to merit ; but those
not qualified were enjoined to betake themselves
to some honest livelihood and profession, under pain of
being apprehended and punished as vagabonds. At that

time 55 degrees were conferred, 17 for vocal, and 38
for instrumental performance. At length the institu-

tion fell into total disrepute, and the harp seems to have
become obsolete; for a traveller in Wales between
1780 and 1790 observes, that the only harp he heard
in all the country was at Conway. An attempt was
lately made to revive the Eistedfodd, as it was called,

afler several considerable intervals of repose ; and at a
meeting, one of the last that was held, 1 2 minstrels at-

tended, {Gent. Mag. vol. Ixii. p. 96.) And, we believe,

a similar congress was unsuccessfully attempted in Ire-

land during the year 1785, where only indifferent per-

formers appeared. The ai^t of playing upon the harp,

however, is at present considered an elegant accomplish-

ment, particularly in youthful females; and it has gained
much ground in Britain within these 20 years. At pre-

sent it is sometimes to be heard at public concerts ; and
we have understood, that the combination of a number of

harps has lately been introduced into an orchestra in

Paris. The harp, however, can never be more than a
chamber instrument : it labours under many defects,

notwithstanding all the modern mechanical impro\e-
ments which it has received ; whence we may reason-

ably infer, that the excellencies of the ancient Welsh
and Irish music, as performed upon that instrument,

are highly exaggerated. Complicated music does not

belong to an uncivilized people. Their tunes are but
a kind of whining chant ; and the further we ascend

with those best known to us, they are found the more
inharmonious. Yet enthusiasm can figure any thing,

as at this day we see savages dance in extacy to beat-

ing on a wooden drum. The minstrels too, who
in modern times have been regarded with admiration,

and who held a prominent part in the musical perform-

ances of old, were nothing but a worthless vagrant

race, generally proscribed as vagabonds. See Galiles

Opere. tom. iii. ; Mersennus Harmonicorum, p. 68 ; G<-

raldus Cambrensis, cap. 12; Denon Voyages, tore. i. p.

237, tom. ii. planche 1 35 ; Bruce's Travels, vol. i. p.

133; Carter's Specimens oj Sculpture and Painting, vol.

ii. p. 11, 16, 42, 43; Cordiner's Antiquities of Scotland,

plate 1 ; \\ alker's Memoir of the Irish Bards ; Jones'

Relics of the IVeLU Bards ; Gunn's Historical Enqui-
ry ; Evans' Tour in North Wales ; Pennant's Tour in
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fValet ; Strutt's Mannert of the Propk of England, vol.

i. p. 50, plate 17, 19; Strutt's Dress and Habitt ofth*
Eh'^UsIi, vol. i. plate 57 ; and i'EoLiAN Harp, (c)

HARPOON. See Whalk Fishery.
HARQUEBUSS. See Gunmakino.
HAllUIS, James, one of the most celebrated philo-

logists of modem times, was l)orn at Salisbury on the
26th of July, 1709. His father was a gentleman of
independent fortune of the same name, anil his mother
sister to the Earl of Shaftesbury, author of the C/ia-

racterislic^. He was educated in early life under Mr
Hele at tiie grammar school of his native city. At the
age of 16 he was removed to Oxford, where he passed
the usual number of years as a gentleman commoner
of VVadhara college, and was then entered at Lincoln's
Inn for the purpose of studying law as a part of lil)eral

education. Having, in his 24th year, succee<led, by
the death of his father, to !iis patrimonial property, he
followed more completely his own inclinations, by de-
voting himself to the study of Grecian and Roman lite-

rature. He studied profoundly the philosophical wri-
tings of the ancients, and acquired a great partiality for

the philosophy of Aristotle. His studies were conduct-
ed in his house at Salisbury, where his habit was to

rise very early for the purpose of prosecuting them in

quiet, and to mingle occasionally through the day with
the society of that city. He also officiated with great

credit as a magistrate for the county of Wilts.

His first work, which appeared in 1744, was a vo-

lume containing three treatises ; the first on art, the se-

cond on music, painting, and poetry, and the third on
happiness, which contained some sound moral obser-

vations, and were adorned with elegant literature. In
174-5 he married Miss Clarke, daughter of Jolin Clarke,

Esq. of Sandford in Somersetshire, by whom he had five

children. Two of these dieil young ; but two daugh-
ters and his son, now Lord MaJmesbury, survived him.

Persevering in his favourite studies, he published,

in 1751, his Hermes, or Inqtdri/ concerning Universal

Grammar—a subject to which his attention had been
particularly directed by the Minerva of Sanctius. The
Hermes was received with great applause, and placed

the author in the highest rank of philosophical gram-
marians. But the credit which that work derived from
having remained so long unchallenged, was at last sha-

ken by the severe animadversions on it, which were pub-
lished by Mr Home Tooke in his celebrated Diversions

ofPurky. This author has convicted Mr Harris of some
incongruities ; and has, in his turn, laid the world under

deep obligations by furnishing valuable materials for

the correction and improvement of dialectic science:

(See our article Gram-mar, passim.) How Mr Harris

would have felt had he lived to see himselfso contume-
liously treated as he is in the work now mentioned, is

a question of personal patience, and neither justice nor

good nature would delight in seeing any man of worth
subjected to such a trial. But now that both of these

authors are out of the reach of each others opposition,

as well as the partiality of their respective friends,

neither of tliem appears sufficiently perfect to be adopt-

ed as a guide, and both are too respectable to be treat-

ed with contempt. Mr Harris had the undoubted me-
rit of delighting such of his cotemporaries as took an

interest in the subject. Although, when the import of

the words in which his theories are expressed is severe-

ly scrutinized, we find them sometimes inconsistent

;

candour will still endeavour to appreciate the truths

which they imperfectly express, and will not fail to

find out, in the most unmeaning phrases, some just

views which the author aimed to unfold. The difficul-

645
ty of expressing new opinions on a new subject, in
which laiigimge is employed in explaining Its own n».
ture, may have given rise to some faulu in the thenre. ""

tic dissertations of Mr Harrin ; Imt it is no smsll prsine,
that his errors required the acuteness of Mr I'ooke to
discover them, and it must be acknowledged, th«t the
latter has not done justice to his merit. "The works of
these two authors may be profitably employed for cor.
rectii.g one another, and extending jointly the liniitJ

of the science. The views of Mr Harris are on the whole
pleasing; and the manner in which they are exhibited,
shews an elegant and scientific mind. His writings are
not disfigured by wanton satire, expressions of personal
antijiathy, or querulous morosejiess, paradoxical turns of
phrase, or an inclination to sport with the feelings of one
part of his readers, and carry off by force the admiration
of others. Trusting to the interesting nature of his sub-
ject, he does not go in quest of spurious sources of
animation. After bestowing mudi labour on the investi-

gation of his subject, he presents his readers in a respect-

ful manner with the best views which he is able to ^rm.
He cherishes throughout a spirit of philosophical inqui-

ry, free from any character of extravagance, and possess-

ed of an admir,->ble tendency to generate a placid satis-

faction, and a chaste consistency of feeling.

From the time of his marriage till the year 1760, Mr
Harris lived entirely in Salisbury during winter, and re-

tired in the summer to his country house at Durford, in

the neighbourhood of that city. Besides attending to the

pursuits of literature and the duties of a magistrate, he
devoted an adequate proportion of his time to the sacred

task of superintending the intellectual and moral educa-

tion of his children ; and he zealously promoted a refined

taste in music and other elegant pursuits in the circle of

society in which he lived.

In 1761, he was elected member of parliament for

the burgh ofChristchurch,which seat he retained till his

death. In the following year, he was made one of tlie

lords of the admiralty ; and in two years after a lonl of

the treasury. In 1765, he went out of office with the

ministry witli which he was connected. In 1774, how-
ever, he was, much to his gratification, appointed secre-

tary and comptroller to the Queen.
During the hours of leisure which the duties of pub-

lic life allowed him, he prosecuted, with great regularity,

his literary labours. In 1774, he published his Philosophi-

cal Arrangements, a work in which he displayed all his

former admiration of the Peripatetic logic, and combated

the doctrines of chance and materialism, animated by «

zealous regard for the happiness of mankind,—an object

of which, many who have espoused the opposite side of

these questions, have betrayed an unfeeling neglect, by

the style and manner in which they have published their

opinions.

In 1 780, the same year in which he died, he printed for

the use of his circle of private friends a work, which was

published immediately after his death, entitled Philologi-

cal Inquiries, containing a popular summary of the con-

clusions to which the philosophical investigations of the

ancients conducted them, accompanied with pleasing il-

lustrations and examples. It conUiins also some affei tion-

ate expressions ofpersonal attachment to his friends, and,

on the whole, furnishes a good example of talents retain-

ing at a very advanced age their former vigour, as well

as ofcandour and benevolence continuing undiminished.

His health, however, was now much impaired, and he

died on the 22d of December 17W, in the 7^d year of

his age, beloved and regretted by all who knew him.

His private chi^acter appears to have been Uioroughly

amiable. With a mind well disciplined to severetliought.
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he united an unrestrained freedom and cheerfulness of

character, which inclined him to take a ready part in

all the subordinate interests and common amusements

of life. He exhibited on all occasions a temper the most

humane, gentle, and forgiving. As a critic, he was can-

did and indulgent ; and, with a sagacity which enabled

him to discern deformities, he had a sense ofjustice and

of gratitude which made him chiefly delight in acknow-

letlging literary beauties. Those who dispute the accu-

racy of some of his conclusions, woidd do well to copy

the tender solicitude which he expressed for the general

interests of his species, and the delicacy with which he

communicated to the world the fruits of his researches.

His son Lord Malmesbury, published an edition of

his works in two quarto volumes, to which he prefixes

a brief account of his life. He seems to value his fa-

ther's memory, chiefly for the steady resistance which

he made to those opinions on general subjects which

have prevailed in modern France, and which, from their

harsh collision with previously existing systems, and,

as he thinks, from their intrinsic repugnance to the in-

terests of society, gave rise to that political discord, and
those consequent ravages of war, with which Europe
has in our age been visited. (H. D.)

HARRIS. See Invernesshire.
HARRISON. See Horology and Longitude.
HARRISON'S Temperament of the musical scale.

The late Mr John Harrison, who laboured so succes-

fully in improving chronometers, about the year 1748,
conceived the idea of a tempered system of inter-

vals, in which the interval of the major third should
bear the same proportion to the octave as the diameter

of a circle to its circumference. On reference to Mr
Farcy's corollaries regarding regularly tempered dou-
zeaves in the Philosophical Magazine, vol. xxxvi. page
374, the temperaments and wolves of this system may
easily be calculated, and these applied to the respective

intervals will stand as follows, viz.

II of the Vths, viz. on C, G, D, A, E,

B, *F, *C ; and on F, ^B, and bE,

each of the value

And the wolf fifth on :^G, . . .

^
354.69244s+ 7f-t- 31 ra = 3901.61 684s-f-77f-f-341m

= 382.383l6r-|- 7f-f- 30m

Make 7 octaves, each 612S-l-I2f-|-53m = 4284.000O05;-|-84f-f.371m

Softhelllds viz. on C, G, D, A,| gg^^^ j
and E ; and on F, ^B, and [jE each, J

"^ " ' ^ ^

^"aid I cf eaS'
""'' "" ^' ^^' ^^'} 222.44476s -H 4 f-t- 19m

1558.22096s+32f+136m

889.779042+ I6f+ 76m

Make 4 octaves, each 6l2S-|-12f-l-53m = 2448.000002+48f4.212m

9 of theSds, viz. on A, E, B, '^F, ^C,
and ^G ; and on D, G, and C, each

And 3 wolf3ds, viz. on F, [jB, and [jE,

each

I59.92268S+3f+13ra

132.23196s+ 3f.l-14m

1439.30412S-}-27f-t-lI7m^

396.69588S-I- 9f-f 42m

Make 3 octaves, each 6l2s+ 12f-|-53m = 1 836.00000s+ 36f.J- 159m

The fourths, minor sixths, and major sixths, comple-
ments to the above Vths, II Ids, and 3ds, will be each of
them as much tempered sharp as these are temper-
ed j^a< respectively. It appears from the preface to

the first edition of Dr Smith's Harmonics, that Mr
Harrison adjusted frets on the finger-board of a base
viol according to this system, and that Mr Harri-
son declared himself much pleased with the " ex-
tremely fine harmony" of its consonances. It is, how-
ever, to be regretted, that Dr Smith did not himself
hear, and give us his opinion, on the harmony thus pro-
duced by Mr Harrison. Several years afterwards, Mr
Maxwell, as he informs us p. 249 of his " Essay on
Tune," did hear and attend to Mr Harrison's perform-
ance on his six-stringed viol thus fretted, and Mr Max-
well by no means approved the harmony thereof. In
1775 Mr Harrison gave some account of his musical
scale in his work on chronometers. (5)
HARROW. See Agriculture, vol. i. chap. vi. sect. ii.

HARROW ON THE Hill, is a village of England in
Middlesex. The hill on which it stands is the highest
ground in the county, and has an insulated appearance,
being visible from great distances almost in every di-
rection. This village is celebrated for its free school,
which is now universally allowed to be one of the best
seminaries in the kingdom. It was founded in 1592
by John Lyon, a wealthy yeoman of Preston in this
parish. He allotted £ 20 for two exhibitions to Caius
College, Cambridge, and two to Oxford. This sum.

however, has been doubled. The number of scholars

at Harrow school is generally about 1 50. The rent of

Mr Lyon's estates amounted lately to £Q69> which is

disbursed in paying the salaries of the masters, the ex-

hibitions already mentioned, in educating poor children,

relieving decayed house-keepers, repairing roads, Ike.

The church of Harrow, which contains several sepul-

chral monuments, is parti)' of ancient architecture.

The lower part of the tower, and the columns between

the nave and aisles, are supposed to have been built by
Lafranc in the time of King William I.

The view from Harrow is very fine. Towards the

east it is terminated by the metropolis ; to the south by
the Surrey hills ; to the north is a view of Harrow
Weald, with the village of Stanmore and Bentley Priory,

the seat of tlie Marquis of Abercorn ; and to the south-

west is seen Windsor Castle, with a considerable part

of Berkshire and Buckinghamshire. On the top of

the hill is a well of excellent spring water, which is ne-

ver dry even in the hottest summers. In 1811 the

number of houses in the town, including the hamlets

of Roxeth and Sudbury, was 283, and the population

1689. See Lyson's Environs of London, 4to. vol. ii.

HARROWGATE is the name of a celebrated wa-

tering place in England, in the West Riding of York-
shire. It is situated in the forest of Knaresborough,

about three miles south-west of the town of Knares-

borough. The village is divided into High and Low
Harrowgate, and consists principally of the inns and
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ITfowgatcUfowgatc lodging houses for tlie accommodation of the numerous

invalids who flock hither from every part of the united

kingdom. Before the mineral st>riiies were discovered,

Harrowgatu was a miserable hamlet ; and it was not

till 1687 that the first inn, called the Queen's Head,
was erected. Before the year 1 700, there were three

good inns in the village, and it now contains eight spa-

cious inns, viz. the Grandby, the Dragon, the Queen's
Head, and the Hope Tavern, at High Harrowgate ; and
the Crown, the White Hart, the Crescent, and the

Bell, at Low Harrowgate ; beside numerous lotlging

houses for those who wish for a more retired life. The
Crown Inn at Lower Harrowgate, is a long row
of plain buildings. The public hall or promenade is a

large and elegant apartment with an organ at one end.

The Crescent is situated behind the Crown Inn in a

less public situation.

The chalybeate springs, which are two in number,
are both at High Harrowgate. The oldest of these,

called the Old Spa, was discovered by Captain Slings-

by in 1571, and is situated opposite the Granby Inn.

It was covered in 1786 with an elegant dome, erected

at the expence of Lord Loughborough, who also laid

out an extensive plantation on his property here, which
affords an agreeable shade to a walk eight feet broad,

and two miles long. The other chalybeate spring is

about half a mile west of the Old Spa, and is called

the Tewit well, from the birds called tewits which fre-

quent it.

The sulphureous springs, which are two in number,
are situated at Lower Harrowgate, and are inclosed

with stone buildings, one of which, near the Crown
Inn, is a temple of the Tuscan order, 24 feet in diame-

ter, consisting of a cupola supported by 1'2 columns.

The water of this spring is extremely offensive to the

smell and the taste. When taken in small quantities,

it is an excellent alterative ; but when copiously drunk,

it is strongly purgatire, and has been found very effi-

cacious in cutaneous diseases and strophula, in destroy-

ing worms, in removing chronic obstructions, and in

all disorders of the stomach. The second sulphureous

spring was discovered in the gardens of the Crescent in

1783. . It is of an intermediate quality between the

chalybeate and sulphureous waters.

The buildings at Harrowgate are rapidly increasing

every year. It now contains more than 1500 inhabitants.

.See Beauties of England and Wales, vol. xvi. p. 652.

HARTFORD is a town of the United States ofAme-
rica, in the state of Connecticut, and the capital of the

county of the same name. It is situated in a pleasant

and fertile country, on the west bank of Connecticut

river, about 50 miles north-west from its mouth. The
town consists chiefly of a single street parallel with the

river, and about 60 rods from it. Nearly one half of

the houses are of brick, and many of them are three

stories high, and well built. The principal public

buildings are a handsome state house, two congrega-

tional churches, one of which is of brick, and is among
the most elegant in New England, one Episcopalian,

one Baptist church, and a bank, which was incorpora-

ted in 1792. A woollen manufactory has been esta-

blished at Hartford. The number of houses is about

600. The population of the town in 1 800 was 5347,

in 1810, 6003, and that of the city in 1810 was 3995.

See Morse's Geography.

HARTLEPOOL, a town of England, in the county

of Durham, is situated on a promontory nearly encir-

cled with the German Ocean, which forms a capacious

bay on the south side of the town. It is built on

the western alone of a hill, and comiita oT a princi. ItankfMl,
pal street, n back street, and several ctom utrcct*. Th» **»miy.

chief buildings arc a chapel of irrcguhir ntnirturr, a
"

town liall, a free school, and a custom luiu.-e. 'I'he

town is surrounded witli ancient fortificotionii, which
are deacribed at great length by Hutchin.'ion in hi<i ///#-

lory of Durham. Hartli-|Kx>l is much frefjuented in the
summer montiis for bathing, but at other %enf(m* it n
inhabited principally by tlie fishermen. Within a few
yards of the Watergate, a chalybeate spring haa lately

been discovered. It is covered by the tea at low wa-
ter. About five miles north of the town are the sin-
gular rocks called the Blackballs : (.See Duhimm, vol.

vii. p. 205.) A life boat has lately been estahli^hetl

here by subscription. On the moor near the town arc
two batteries mounted with cannon, beside an ifj-

trenchment. In 1811 the township contained 24? hou-
ses, and 1047 inhabitants. See Hutchinson's llflrri/

of Durham, and the Beauties of England and Wales,

vol. V. p. 119.

HARTLEY, David, was bom on the 30th of Au-
gust 1 705. He was the son of a respectable clorgj-.

man, vicar of Armley, in the county of York, where
he died, leaving behind him eight children. The sub-
ject of this article was brought up by a Mrs Brooks-
bank, who lived near Halifax. He received the first

rudiments of his education at a private school, and his

academical education at Cambricfge. He was admitted

at Jesus College at the age of fifteen years, and was
afterwards elected a fellow of that society, and took the

degree of M. A. He was originally designed for the

church, and proceeded for some time in his thoughta

and studies towards that object ; but he was restramed

by some scruples, which made him reluctant to sub-

scribe the thirty-nine articles. He continued, never-

theless, a member of the church of England, conform-

ing to its public worship. This he did upon the prin-

ciple, that the church of England maintains, in sub-

stance, the practical doctrines of Christianity, and that

it was not incumbent to separate himself from its com-
munion on account of some articles, which he regarded

as speculative and abstruse. Having, it would appear,

from conscientious scruples, relinquished the profession

of his first choice, he applied his talents to the medical

profession, in which he arrived at considerable emi-

nence for skill and industry, but still more for philan-

thropy. He exercised the healing art with equal at-

tention and fidelity to the poor and the rich. He visit-

ed the humblest recesses of poverty and sickness. He
was not unmindful, that botlily sickness renders the

mind more impressible with moral and religious truths,

and embraced opportunities, in the course of his medi-

cal practice, of exercising mental charities to afflicted

minds, as well as of employing his knowledge of the

healing art to the restoration of bodily health.

He was industrious in acquiring all collateral branches

of knowledge, and lived in personal intimacy with the

learned men of his age. Dr Law, Dr Butler, Dr War-
burton, afterwanls Bishops of Carlisle, Durham, and

Gloucester, and Dr Jortin, were his intimate friends.

He was much attached to Dr Hoadley, Bishop of Win-

chester, whose opinions on religion and politics seem to

have been very similar to his own. Dr Hales, and Dr
Smith, master of Trinity College in Cambridge, with

other members of the Royal Soaetv, were his compa-

nions in the sciences of optics, and other branches of

natural philosophy. Mr Hawkins Browne, the author

of an elegant Latin poem, De Animi Immortalilale, and

Dr Young, the moral poet, stood high in his esteem.
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Hartley. Dr Byrom, the inventor of a scientific short-hand wri-

^""V"^ ting, was much respected by him for useful and accu-

rate judgment in philology. Mr Hooke, the Roman

historian and disciple of the Newtonian chronology,

was amongst his literary intimates. The celebrated

poet Pope was likewise admired by him as a man of

genius, and a true poet ;
yet he regarded the celebrat-

ed Essay on Man as tending to insinuate, that the di-

vine revelation of the Christian religion was superflu-

- ous, in a case where human philosophy was adequate.

He suspected the secret influence of Lord Bolingbroke,

as guiding the poetical pen ofhis unsuspecting friend, to

deck out in borrowed plumes the plagiarisms ofmodern

ethics from Cliristian doctrines. From his earliest youth

he was devoted to the sciences, particularly to logic

and mathematics, which last he studied under the ce-

lebrated Professor Saunderson. He published, 1. J
View of the present Evidence for and against Stevens's

Medicines as a solventfor the Slnne, London 1739, SO*

pages 8vo, dedicated "to the President and Fellows of

the Royal College, London. His oyfn case is the 1 '23d

in the book ; yet he is said, after all, to have died of

the stone, after having taken above two hundred pounds

weight of soap ; and it must be acknowledged, though

with regret, that that celebrated medicuie has no power

of dissolving stones in the kidneys or bladder. 2. Dr
Hartley is said to have written in defence of inocula-

tion against Dr Warren of St Edmund's Bury ; and
some letters of his are to be met with in the Phil. Trans.

S. But his most celebrated work is entitled, Obseiva-

tions on Man, his Frame, hi^s Duly, and his Expecta-

tions, in two parts ; part the first, containing observa-

tions on the frame of the human body and mind, and
on their mutual connections and influences ; part the

second, containing observations on the duty and ex-

pectations of mankind ; London, 174 ,'. The author

gives the following account of the origin and progress

of the work. " About eigijteen years ago, I was in-

formed that the Rev. Mr Gay, then living, asserted the

possibility of de<lucing all our intellectual pleasures and
pains from association. This put me upon considering
the power of association. Mr Gay published his senti-

ments on this matter, about the same time, in a disser-

tation on the fundamental Principle of Virtue, prefixed
to Mr Archdeacon Law's translation of Archbishop
King's Origin of Evil. From inquiring into the power
of association, I was led to examine both its conse-
quences, in respect of morality and religion, and its

physical cause. By degrees, many disquisitions foreign
to the doctrine of association, or at least not immedi-
ately connected with it, internaixed themselves. 1 have
here put together all my separate papers on these sub-
jects, digesting them in such order as they seemed na-
turally to suggest, and adding such things as were ne-
cessary to make the whole appear more complete and
systematical." The author, aware that he had thus laid
himself open to the charge of having first adopted a
theory, and afterwards accommodated his observations
in subserviency to it, adds, that " he did not first form
a system, and then suit the facts to it ; but was carried
on by a train of thoughts from one thing to anotiier,
frequently without any express design, or even any pre-
vious suspicion of the conseq-ience.' tliat might arise

;

and that this was most remarkably the case in respect
of the doctrine of Necesdty; for I was not at all aware,
that It followed from that of association, for several years
after 1 liad begun ray in(,uiries ; nor did I achnit it at
iast without the greatest n ku-tance."

In regard to tlie doctrine of necebsity, justice to the

author requires that his note of explanation should be
here given, viz. " that he no where denies practical free-

will, or that voluntary power over our affections and
actions, by which we deliberate, suspend, and choose,

and which makes an essential part of our ideas of virtue

and vice, reward and punishment." To the doctrine of
associations he has added vibrations, and endeavoured
to establish a connection between these, and to shew
the general use of these in explaining the nature of sen-

sations. In the introductory remarks to the second
part of tlie work, " On the Duty and Expectations of
Man," he says, that " the contemplation of our frame
and constitution appeared to him, to have a peculiar
tendency to lessen the difliculties attending natural and
revealed religion, and to improve their evidences, a«

well as to concur with them in their determination of
man's duty and expectations ; with which view he drew
up the foregoing observations on the frame and con-
nexion of the body and mind : And in prosecution of
the same design, he goes on in this part, from this

foundation, and upon the other phenomena of nature,
to deduce the truths of natural religion ; laying down
all these as a new foundation whereon to build the evi-

dences for revealed religion, to inquire into the rule of
life residting from the frame of our natures, the dic-

tates of natural religion, and the precepts of Scripture.

And, lastly, To inquire into the genuine doctrines of
natural and revealed religion, thus illustrated, con-
cerning the expectations of mankind here and here-

after.

The intentions of the author seem to have been up-
right and pious, and considerable ingenuity, as well as

acquaintance with the human frame, are displayed

throughout the work. Yet few, it is believed, will be
found to assert that his system throws any light on the
mysterious union of matter and mind, or that his re-

duction of all the oi)eration9 of the human mind to as-

sociation of ideas, has tended in any degree to simplify

the subject " The philosophy of mind (observes Pro-

fessor Stewart) has its alchemists; men, whose studies

are directed to the pursuit of one single principle, into

which the whole science may be resolved; and they
flatter themselves with the hope of discovering the

grand secret by which the pure gold of truth may be
produced at pleasure ? Of such metaphysical alche-

mists. Hartley is clearly entitled to the first place. But
all the generalizations of his system are verbal only,

and it succeeds in bringing all our mental operations

under the head of associations, only by using the term
in such an unprecedented latitude, as to make it com-
prehend all sorts of mental operations, and every kind
of connection of ideas. Every thing, according to

Hartley, of which we are conscious, excepting only

our sensations, may be called ideas; and every kind of

relation between them he terms an a.ssociation, so that

the connexion betwixt twice two and four, is merely
an association of ideas, and that all mathematical rela-

tions are of the same denomination. This, it is evi-

dent, is not a discovery in philosophy, but an innova-

tion in language." (Philosoph. Essays.) It is said that

he did not expect that his work would meet with imy
general or immediate reception in the jjhiiosophical

world, or even that it would be much read or under-

stood ; but that at some distant period it would he-

come the adopted system of future philosophers. There
seems no probiibility of this e.\peetation being realized.

The prevailing systems of lleid, Stew.iit, &c. the in-

ductive philosophy of mind, seems to bid mucli fa'r.^r for

general adopiion. Although Haitley cannot be recom-

H.rtJ
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mended as a guide, either in pliilosopliy, or in religiun,

)iis private and personal character seems to have been
amiable and exemplary. His thoughts were not im-

mersed in worldly pursuits or contentions, and there-

fore his life was not eventful or turbulent, but placid

and undisturbed by passion or violent ambition. From
his earliest youth, his mental ambition was pre-occu-

pied by the pursuits of science. His hours of amusement
were likewise bestowed upon objects of taste and sen-

timent. Music, poetry, and history, were his favour-

ite recreations. His natural temper was cheerful and
social. He was addicted to no vice in any part of his

life. Tiic virtuous principles which are instilled in his

Works, were cxemplifieil m his conduct. His person

was of the midiUe size, and well proportioned; his

complexion fair, his features regular and handsome.
His countenance open, ingenuous, snd animated. He
was peculiarly neat in his person and attire. He was
an early riser, and punctual in the enj[)loyments of the

day ; metho<lical in the disposition of his library, pa-

pers, and writings, as the companions of his thoughts,

but without any pedantry, either in these habits, or in

any other part of his character. His behaviour was
polite, easy, and gracefid, flowing from benevolence of

heart. His whole character was eminently marked by
simplicity of manners, and uprightness of conduct.

The dispositions of his heart shine very evidently

through his works, and the conclusion of the work on
Man, in which he addresses various classes of the com-
munity, and exposes prevailing vices, docs much ho-

nour to his moral and religious character, and evince

an affectionate concern for the best interests of his

country, and of mankind. He died at Bath on the

'2Sth of August 1757, at the age of fifty-two years.

Ke was twice married, and lel't issue by both mar-
riages, two sons, and a daiighter. His eldest son got a

travelling fellowship, and his 3'ounger son v/as entered at

Oxford in Michaelmas term, 1757.

—

See a Sketch of llw

Life ami Character of Dr Hart/ei/, prefixed to Notes and
Additions to the work on Man. By Herman, A. Pisto-

rius, rector of Poseritz in the island of Rugen, London
1791 ; and Do<lsley's Ann. Register, vol. xviii.

HARTZ, or H.\nz, a tract of mountainous countr}',

situated in the kingdom of Hanover. It is about 70
miles long, and 20 broad. The forests of the Hartz
have about one-third of hard wood, and two-thirds of
soft wood. An insect belonging to the order Coleopte-

ra, nearly allied to the Dermestes ti/pographiis, has lately

committed great ravages in these forests. It infei'.s fir

trees, and in one tree 80,000 larvte have been found.

The principal minerals are lead, copper, silver, zinc,

iron, green vitriol, blue vitriol, white vitriol, and sul-

phur. The silver mines, which are said to have been

discovered in the year 968, were the first that were open-
ed in Europe. The annual product of the lead, sHver,

and copper mines, is stated at 157,99-i dollars.

The Editor is indebted to ProfessorJameson for the fol-

lowingaccountof the mineralogy ofthe Hai-tz mountain?.

This interesting tract of country is comjjosed of pri-

mitive transition, floetz and alluvial rocks ; but hithtrto

no volcanic substances have been met with in it.

A. Primitive Eocks.

These arc granite, primitive greenstone, horn-rock,

quartz-rock, jirimitive flinty slate, primitive clay slate,

and primitive limestone.

1, Granite. This rock is supposed to form the central

part of the Hartz, and conset^uently to support all

VOL. X. PART II.

the oUier mineral itnte of this p<in of Gemaoy, It
isoccaaionally travcrted by veinii of quarta, tohorl, ami
hurnstone. At it* line uf junctimi with th* Mpcrin-
cumbent strata, intermixtures of the rock* art to b«
observed, and even veins of the granite Aoot Aom
the massive rock into the futierincumbent aan.
These factt are ilifferently explumed by the Nrptiw
nian and Plutonian speculator*. The Neptimiala
consider lliem as illuitraxive dt' the cotemporoneouM
formation of the two rocks ; while the Plutuni^ts view
them as irrefragable proofs of the granite having l>eeii

projected in a fluid form from the interior of the
earth amongst previoujili/ existing ilrata.

2. Pi imitive greenstone. Yhig rock rest* immediately
on the granite, and sometimes bed* of it occur in th«-

clay-slate. Like the granite, it is niagnetical, al-
though it contains no disseminated magnetic irou-
stoue or magneticid pyrites.

S. Horn-rock, (Horn.fels.) Hitherto mineralogi.sts

have not attended to this rock. It is an ultimate
mixture of splintery quartz, and compact feUiMir, in

which sometimes tiie one, sometimes the other mi-
neral predominates. It is occasionally cx>loured black
with schorl. It occurs resting upon granite, and
frequently intermixed with that rock at the line ui'

junction.

4. (iuartz-rock. It is either splintery, or composed of
granular concretions. It rests either upon the gra-
nite, or occurs in beds alternating with greenstone or
horn-rock.

5. Primitiuejlinty slate. This rock occurs but sparin;;-

]y in the Hartz, and is generally disposed in bed«,

alternating with horn-rock and cluy-slate.

6. Primitive clay-slate. This rock forms beds in flinty-

slate, primitive limestone, and greenstone.

Melallljeroiis venigcnou*formations in primitive clay-

slate.

The following principal formations may be distiii-

guishe<l.

a. The veins of this formation contain principally

galena or lead glance, native arsenic, red silver

ore, with much calcareous spar, and a small por-

tion of quartz.

6. This formation is almost entirely composed of ga-
lena or lead glance, with a very small portion of

native arsenic, red silver ore, grey copper ore,

and blonde.

c. In this formation, like the preceding, galena is the

predominating ore, and is associated with a small

quantity of grey copper ore, iron jiyriies, copper

pyrites, red iron stone, brown iron odure, and red

silver ore.

7. Primitive limestone. It occurs but seldom, and in

beds, in clay-slate.

B. Transition Rocks,

The following rocks of tliis class are met with in tiie

Hartz, via. limestone, greywacke, clay slate, whet slate,

alum slate, transition flinty slate, transition trap, and

transition porphyry.

1. lAmcstone. ft occurs in bed*, often of considerabl*

thickness, in greywacke, and transition clay slate.

2. Greywacke. CJreywacke and clay slate are by far

the most aJjundant rocks in tl>e Harta. It sometimes

contains glance coal, (Jilind coal,) and mineral pitch;

and occasionally petrifactions of species of the genera

hysteriolites, and trochites.

3. Ciai^ slate. This rock is distinctly stratified, and
4 N
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Hartz. sometimes occurs in elliptical and globular concrc-

"^r"^ tious, which have a concentric lamellar structure. It

alternates with greywacke, and both rest on the pri-

mitive rocks already described.

Both greywacke and clay slate contain very consi-

derable metalliferous formations. The following are the

principal ones.

a. A very thick bed of copper pyrites, iron pyrites,

galena or lead glance, and brown blende, with

compact heavy spar, and a very small quantity of

quartz, and calcareous spar.

b. Veins of galena or lead glance, of which the fol-

lowing formations have been ascertained.

a. Galena, associated with much calcareous spar,

and splintery quartz, and small portions of iron

pyrites, sparry iron stone, grey copper ore, antf

brown spar.

/3. Galena, associated with sparry iron stone, cal-

careous spar, heavy spar and quartz ; with a

minute portion ofgrey copper ore, brown blende,

iron pyrites, and copper pyrites.

y. Galena, with splintery quartz, and a smaller

portion of calcareous spar, spaiTy iron stone,

iron pyrites, and copper pyrites. In the upper
parts of the veins, the calcareous spar is sometimes
dissolved and carried away. The galena, or

lead glance, is converted into white, black, and
earthy lead ores ; by the decomposition of the

copper and iron pyrites, there are formed varieties

of ochry brown iron stone, malachite, azure cop-

per ore, and copper green, and by tlie decompo-
sition of the sparry iron stone, compact and fi-

brous brown iron stones, and ores of manganese.
3. Galena, with much brown blende, splintery

quartz, and calcareous spar ; and occasionally

small portions of copper and iron pyrites.

I. Galena, with amethyst, large foliated calcareous

spar, copper pyrites, and brown blende.

c. Veins of copper ore, which are distributed in the
following foiTuations.

«. The principal vein-stone, of the veins of this for-

mation, is quartz, which occurs in such quantity
as occasionally to fill up the veins from side to

side. It is in granular concretions, which are
so loosely aggregated, that they can be separated
by the mere pressure of the finger; hence in

mines in this formation the quartz is dug out
by shovels. This condition of the quartz in

these veins shews us the possibility of sandstone,
and even of sand being in many cases original

chemical formations, and not mechanical depo-
sites. The ores associated with the quartz are
copper pyrites, malachite, copper green, copper
black, tile ore, and brown iron -stone. There
sometimes occur imbedded in tlie loose sandy
quartz, blocks of compact quartz, also portions
of heavy spar, and small strings of brown spar
and red iron stone ; and rarely fluor spar.

j3. This formation consists of azure copper ore, and
copper-green with much fluor spar, and sometimes
small portions of brown spar, and red iron-stone.

'/. Copper pyrites, and splintery quartz, with small
portions of c, Icareous spar, iron pyrites, and ga-
lena or lead glance, are minerals of this formation.

d. Veins of iron-stone, of which the following forma-
tions are known to the miners.

«. Red hematite, and heavy spar. Ilaiizi

^. Compact red iron-stone, with much calcareous ^"^

spar.

y. Compact red iron-stone, with much quartz, and
a small portion of iron flint.

3. Compact, fibrous, scaly, and ochry red iron-

stone, with specular iron ore or iron glance, and
quartz, and calcareous spar.

^. Sparry iron-stone, in the lower part of the veins,

but brown iron-stone in the upper parts.

e. Veins of manganese occur but rarely ; and of this

metal the only formation in the Hartz is that in

which compact grey manganese ore is associated

with heavy spar.

4. Whet slate. This mineral occurs in thin beds in the
clay slate.

5. Alum stale. It occurs in beds in clay slate.

6. Transition flinty slate. It occurs in beds in grey
wacke and clay slate. It passes into clay slate ; and
in the mountains of the Hartz we find all the inter-

mediate varieties between perfect flinty slate, and
well characterised clay slate. It is worthy of re-

mark, that this mineral, which, according to the Hut-
tonian view, must have been in a state of fusion, oc-

curs inclosed in clay slate, and exhibiting the grada-

tion we have just mentioned.

7. Transition trap. The trap rocks, which are green-

stone, and amygdaloid, alternate in beds with grey

wacke, and grey wacke slate.

8. Transition porphyry. The transition porphyrio«

have a basis either of clay-stone, felspar, or liorn-

stone, and occur in beds in grey wacke, or in mas-
ses resting upon it.

C. Flwlz noch.

Floctz rocks surround the Hartz on every side, and
are spread from thence over the hilly parts of Lower
Saxony. The following are the fla;tz rocks met with

in the Hartz : Old red sand-stone, clay porphyry,

alpine limc-stonc, older gypsum, variegated sandstone,

newer gypsum, and third floetz sandstone.

1. Old red sandstone, or thejirstflixlz .land-slone. This

well known rock, the dunslone of English mineralo-

gists, occurs in considerable abiuidance, and in this

country contains beds of coal.

2. Clay stone porphyry , This rock occurs in beds

which alternate with tlie red sand-stone. The beds

vary in thickness from a few inches to many fathoms.

It passes into the bounding sandstone, a fact illus-

trative of the cotemporaneous formation of the two
rocks. *

3. Alpine lime slone, orflrstflcetz lime-stone This lime-

stone occurs in considerable abundance, and gene-

rally rests on the red sand-stone.

4. Older pypsum, orflrsl f.a:tz gypsumformation. This

formation, which is principally composed of foliated

granular gypsum, and compact gypsum, also con-

tains selenite, rounded cotemporaneous portions of

radiated gypsum, stinkstone, and sometimes fibrous

gypsum. It rests on tlie preceding formation.

5. Variegated, or second fleetz sandstone. This formation,

which" is probably identical with the red ground of

English mineralogists, lests upon tlie older gypsum.

(). Newer gypsum, or seeond fleet z gypsum Jbrmation.

The principal rocks in this formation are foliated

granular, fibrous, and radiated gypsum. It rests on

* It may be noticed, that German mineralogists mention the occurrence of porphyry and trap rocks in red sand-Xone as a new dis-

covery, although both these facts were stated so early as the year 1800, by Professor Jameson, in his Mineralogical Travel; a

work known to continental writers by the translation of it which appeared in Germany many vears ago.
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die variegated soiuUtono, aiid rowetimes even alter*

nates with it.

. Third ^flaiz sandntoue: This sandstone haa generally

a K^'^y or white colour, and contains subordinate beds
ol' slate clay, indurated marl, and coal. It appears
to rest upon the newer gypsum and the variegated
bandsionc.

D. Alluvial Eocks.

of this class are calc-tntT, loam, clay,

ore, peat, anil rolled masses, of'

The rot-ks

brown I'oil, bog iron

difliTcnt kinds.

Tlie followinjj works may be consulted, as affording

Hcurate and extensive details in regard to the natural
Li~t>iy of the Hartz.

1. £rfahniiigeii von iiiiiem dcr gcbirge nach beohach-
tiiitgen gesammlct iind hcrausgcgeben von F. W. H. von
Trebra^ Fol. 1785.

'2. Bcobachltittgen iifter den Ilarzfrebirge nebtl einem
Profi/rissc ah cin Beilrag ziir tniueralogischen naiurkuiidc

von G. S. (). Lazius. 'i vols. Hanover, 1789.
3. Ikmrrkungcn iiber den Harz von J. C. Friealeben,

2 vols. Leipzic, 1795.

4. Hausmanns Norddettlsche Beitriige. 1806".

5. De la richcsse mineral, p.ir A. M. Heron de Ville-

ibssc. 4to. 1816.

See the article Brocken, vol. iv. p. 753. (r)

HARVEY, Wii-MAM, M. D. the celebrated disco-

verer of the circulation of the blood, was born at Folk-
stone in Kent, on the 1st of April 1578, was educated

at the school of Canterbury, and sent to Cambridge in

1593, where he studied six years as fientleman com-
moner of Caius College. His medical studies were
prosecuted at the university of Padua, where the most
eminent of his instructors was Fabricius ab Aquapen-
dentc. This anatomist explained to him the structure

of the valves of the veins ; a subject which he had
greatly improved, and which afterwards led Harvey to

views unparalleled by anj' in physiology for their

beauty and profundity. At Padua he took the degree

ofM. D. and returned to England in his Ztth year.

At 30 he was elected Fellow of the Uoyal College of

I'liysicians of London ; and in about a year after suc-

ceeded Dr Wilkinson as physician to Bartholomew's

liosuital. On the 4th of August 165.5, he delivered, by
appointment of the College of Physicians, tlie Anato-
mic.d and Surgical Lecture of Luraley and Caldwell

;

and there is reason to believe, that on this occasion he

gave a motlest intimation of his great discoveries ; as

he left a manuscript, rfc Analomiu I'tiivcrxn, dated al)out

this time, which contains the outlines of liis doctrines.

Twelve yorirs elapsed before he published them to the

world. His fame, in the mean time, gi.incd ground;

and the estimation in which he was held by his pro-

fcssion.al brethren gave it solidity, as well as brilliancy.

It was in 1()28 that he published iiis Excrcilalio Ana-

lomica de Cordis el Sanguinis molit, at Frankfort, a

centre from which it was most readily difiTused through

I'.uropc, by means of the great book fairs which were

annually held in that city. In no point of view can

this work be too highly praised as a specimen of the

most ingenious and solid speculation, and of striking

experimental inquiries, arranged in luminous order, and

accompanied with apposite illustrations. It still con-

tinues unrivalled for importance as an original publica-

tion. An account of the great doctrines which it esta-

blishes is given in our article Anatomy {Hittory of,)

to which we beg leave to refer.

But illustrious as the merit of Harvey was, and re-

spectably as it was supported by the cordial admiration

ng
>i-U

of his culleagati, hi* opinions werv nprMtotad by •
herd of op|H>ncnts M piwUtlte innnvationo ; and th*
infennce drawn by tlieoenUil^niiiltifiiflc W3». thnt thr
author of them could not Iw a s.i!

His jinictice as a physician acti,

ing a striking proof of the precariou- nr

conditions of a meihcal reputation. The li-

tors of old established system", after injuring his name
by whispers and innuendo*, attacked liim at laitt by
controversial writings, and thus put it in his power to
vindicate the truths which he had discoverecf, md i«-
fute the Galenian errors which had mainUincd their
ground for ages.

pr Primrose of Oxford was his first opponent. He
maintained th.it the blood was rarrird to the different

parts of tiie body, not by the imjiulse of the heart, but
by the power wliich all the living organs liave to at-

tract tlie substances fittcil for tlieir nourishment. Four
years after this, he was attacked by iEmylius Parisanus,
a physician of \'enicc, with great pomp of words, in a
barbarous and obscure style of eloquence, in whidi be
supported a strange medley of ancient opinions and
peculiar original dogmat.i. Dr Harvey was saved
the irksome task of replying to a tortuous and con-
fused tissue of unmeaning words, by the zeal of hia

liberal admirer and genuine friend Sir George Ent, a
physician of the highest reputation, who, in an Apology
for the Circulation of the Blood, replete with learned

and acute argument, and enlivened with eloquence and
wit, completely exposed the futilities of that author.

In a few years after this he met with a more able

and liberal minded Opponent in Kiolan of Paris, who
had entertained a fanciful doctrine of his own upon the

motion of the blood, which could not stand if Harvey's
views were established. In answer to Riolan, Harvey
wrote two treatises called Brercilationes. Every mo-
dern anatomist who looks back to these disputes, smiles

not only at the obstinacy witli which the true doctrine

of the circulation was resisted, but at the gross igno-

rance betrayed by its opponents, in particulars of ana-
tomical structure which are now famdiar to the young-
est tiro in the science. Riolan soberly maintained

that in the adult subject the let\ auricle of the heart

was a solid mass, possessing no cavity capable of con-

taining blood.

Dr Plemp, professor at Louvaine, was another ad-

versai-y ; but, finding that the experiments with which

he intended to assail the doctrines of Harvey contribu-

ted powerfully to their support, he with manly candour

ranked himself among his converts.

Harvey, in his first publication, did not acknowledge

any regular continuation or anastomosis betwixt the

small arteries and the veins, furnishing a tubular passage

for the transmission of the blootl, but believed that this

fluid was first diffused by the terminations of the arte-

ries among the interstices in the texture of the diffiwRlt

organs, and was from these absorbcti by the veins; and

it was not without apparent reluctance that lie was af-

terwards induced in this particular to admit the doc-

trine which is now universally establishe<l.

After the great discovery of Harvey wa«

yond the reach of controversy, attempts w. lo

detract from his merit, by showing that it was not ori-

ginal. Obscure passages anti acciilental expressions in

the writings of ancient and mixlerii authors were dis-

torted by miserable envy, for the purpose of proving

that Harvey, now acquiitwl of heresy, was cbargeabl*

witli plagiarism. A siimdar circumstance occunwd %•

give a temporary triumpTi to calumny. Harvey, having

maintainctl some degree of intimacy with the \'

HMVijb
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Harvey, ambassador at the court of London, who had heard and

"""V"^ admired his lectures, gave him a physiological manu-

script just before his departure, whicii the ambassador

presented to Paulus Sarpius, a learned monk of his own
country. After the deatli of this religious person, when
his manuscripts were explored, a story was circulated

that the discovery of the circulation belonged to Paulus,

who had communicated it either to Fabricius or to

Harvey. This unfavourable impression was easily cre-

dited, and a considerable time was required before it

could be effaced.

Harvey, however, was not one of those ill-fated men
of genius, who arc denied all due honour till the enjoy-

ment of it is put out of their power by death. He was

caressed at court, and warmly esteemed by his scienti-

fic brethren. By what means, or at what period he was

introduced to royal notice, we are not infonned ; but a

letter from James I. of England was found among his

papers, dated l623, i. e. 15 years after he liad connect-

ed himself with the London College, from which it ap-

pears that he had been for some time extraordinary

physician to the king, and had been actively employed
about the royal person. Seven years after this, in the

reign of Charles I. he was promoted to the office of

physician in ordinary. He was also employed to ac-

company the young Duke of Lennox in his continental

travels.

During the civil wars, Harvey accompanied the

king in his different military movements ; and, after the

battle of Edgehill, retired with the royal family to Ox-
ford. In tliree years after this, he was appointed

warden of Merton college, instead of Nathaniel Brent,

who had revolted to the Presbyterian cause.

The circulation of the blood was not the only sub-

ject in which Harvey was eminjent. He also made im-

portant discoveries on the subject of gsneration ; and,

at the age of 73, at the pressing request of Sir George
Ent, published his work entitled, Excrcitaliimcs de ge-

neralione Animahnm, which contained many experi-

ments on incubation, and the reproductive functions of

viviparous animals, ingeniously contrived, and exe-

cuted with much labour. One of his favourite conclu-

sions was, that impregnation is not accomplished by the

contact of the semen of the male with the embryo in

the body of the female, but by a peculiar stimulus com-

^
municated by it to the vagina, .and by sympatliy to t!ie

other female organs, and which he compared to conta-

gion for the peculiarity of its effects ;—a conclusion
which be considered as supported by this fact, that a
single impregnation of a female fowl was sufficient to

impart a prolific quality to ova not yet formed.
Harvey dissected the body of Thomas Parr, so cele-

brated for longevity, having lived to the age of LOS,

and his account of the appearances which he found is de-
livered in his own words in the editions of his works.

Several letters written by him to men of science are
also preserved and published, all of which breathe tlie

same chaste philosophical spirit ; and the latest of them
shew that he retained, in extreme old age, the same
admirable vivacity of intellect for which lie was distin-
guished through life. His Analomia Unictrsalis, and

spending a great part of his time in a rural retreat at

Lambeth.
Having now attained to thd summit of professional

eminence, he received, in 1652, a splendid testimony of
the esteem entertained for him by the College of Phy-
sicians. A bust of him was executed by their orders,

and placed in their hall, accompanied by a complimen-
tary inscription. He, in his turn, gave a proof of his

affection for that learned hoAy, by presenting them with
a hall, and his excellent library.

In two years after, when Dr Prujean resigned the
situation of president of the college, Harvey was cho-
sen his successor ; but, on account of his age and infir-

mities, he delicately declined that honourable charge.
He continued till a very late period of his life to offi-

ciate as a lecturer. He attended the meetings of tl^
college when important business was agitated ; and, in

the year 1656, he bequeathed to them his patrimonial
property. Loaded with various increasing infirmities,

he died on the .Sd of June of the following year, aged
79, and was buried at Hampstead, where a monument,
with a figure and suitable epitaph, is erected to his me-
mory.
The College of Physicians, in 1 766, published a beau-

tiful edition of his works in one large quarto volume,
to which is prefixed an account of his life by Dr Law-
rence. Harvey wrote witli great perspicuity, and a
flowing eloquence. His works are not in the slightest

degree tainted with a spirit of hostility. His contro-

versial antagonists, even those who wrote with petu-

lance and asperity, are treated by him in temperate and
civil language. His candour, cheerfulness, and good-
ness of heart were conspicuous in his whole life, as

well as in his writings, and exhibit a worthy pattern

for future imitation. {H. D.)
HARWICH is a town of England, in the county of

Essex. It is situated at the north-e.nst extremity of the

county, on a point of land bounded on the east by the

sea, and on the north by the estuaries of the Stour and
the Orwell. The town consists of three principal

streets, witli various lanes branching off in different di-

rections. The chief buildings are the chapel, built by
the Earl of Norfolk about the beginning of the 1 .Sth

century ; the townhall, rebuilt about 53 j'ears ago ; the

school-house, and the custom-house. Its market place

is inclosed, and is neat and clean. The to« n is walled

in, and the streets are paved with a kind of clay from
a petrifying spring in the neighbourhood, which makes
it as hard as stone.

The inhabitants of Harwich are principally employ-

ed in ship-building and other maritime occupations.

Several third rates ami other large vessels have been

built here. The harbour, which is independent of the

bay, is spacious, deep, safe, and convenient ; and a

light-house has lately been erected on a hill below the

town for guiding vessels into it.

The North Sea fishery gives employment to about

•SOOO tons of shipping, and 500 sailors belonging to this

port. The peojile too receive much support from the

Dutch packet boats, whicii, in time of peace, carry on

a great intercourse between Harwich and the continent-
some other writuigs not intended for publication, are al ports.
preserved in manuscript in the British museum. Some During the bathing season, Harwich is frequented by
ofhismanuscripts, however, and most particularly those much company, who find here tolerably good accoiii-

containins.'- his extended views and experiments on ge- ' ' - •
neration, were, to the great detriment of science, destroy-
ed by the hcentiousness of the Parliamentary troops,
when they occupied his house in London.
When Charles I. fled from Oxford, Harvey went to

London, where he practised but little as a physician.

modation. Bathing machines have been for some time

introduced ; and there are two hot and two cold salt

water baths, with a steam or vapour bath, and a large

bathing place, with a machine tor throwing the hot or

cold water on any part of the body. The buildings,

which have commodious dressing rooms, stand in a
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l«rwic!i, large reservoir containinp niany huiulred tons of sea in one vol. 8vo. with a biop7ii|ihtcBl preOioc l»v l.innx- Hmm^
^Jrfq^- water, which is reiicwe<l every tide, so that the baths ii«, and his corrotpondena- with live aglhor. 11 !» work T—"^r^ are continually supplied with fresh sea water by a con- has been Ir.inshiled into sf \< r.d language!', ant uppcar-

trivnnce on tlie principle of a natural syphon.
'

ed in English in l.midyn in J7')«. lla»(« l(|i.iit is «l«o
On the opposite side of the bay in Sntlolk stands the author of several incnxiirR in the Tran»:i( ili.n. of

Landpuard fort, which is built on a point of land uni- the Academic of Upsrd and Si '

'

ted to Walton Colness, but so encircled by the sea J 752. See the preface to his / ..

at hi^h water as to become :in island nearly a'niilo from /jift/io/An/we Dolimique ; and ll

the shore. It completely commands the entrance to HASTlNCiS, is a burf-h an i of Kn|r-
the harbour of Harwich, and was erected for this pur- land, hi the county of Sussex, ll u kilii,,;. I im r t

pose in the reign of James I. ea.4ern extremity of the tounty, in a valle\ •.!. ,! l. .
, ,

.

Harwich woa made a bur>jh in the reign of Edward a beautiful amjihitheatre, sloping on the south to tl,.-

II. It is governed by a mayor, 8 aldermen, 2t bur- sea, and flanked on the ea.'^t and west by lofty hilN.
gesses, a recorder, &c. and sends 2 members to parlia- The town consists of two parallel strecU, the Higli
ment.

_
Street and Fish Street, running north and south, an<l

The following is the population, &c. of tlie burgh of separated by a rivulet calle«l tlic Bourne, which »upplie»
Harwich for 1811. nearly the whole town with water, an(i runs into the

Nun.ber of inhabited houses . . . 56

1

"""• "Il'«l»^"ij^«-'lh'^.veJ. and cx,nUins many lunul-

n ce^-v ^\X some houses. The principal public buildings, are the
L)o. or tamiltes 910 » i i r ah L • » i a^ r-t . .i .

j-j ' • ] •If TO two churclics ot All Samts and St Clements, llie town-
,-. '.' s ^S^i u ure

. . . . 7_ hall and market-place, and a custom-house with an e*-
iJo. m ti-aue and manufactures ... 178 . i r i .. r m -j- m tu . i i

n, 1

wi,».»,c ±,ij
tablishment of 12 riding ofncers. 1 he two clnirchei

Males . • 1510 • » i -i i- c^ r-i •• i ip , oota are very ancient buildings. St Clements is large and
—13

lofty. The town-hall was built in 1700, and has the

rp . , , ,. • ,„,, „ „ market-place under it. There arc here two excellent
Total population m 1 SI 1 .... 3732 jy^^ ,,,,^„,, ,.„„„,,,.j f„, U,^ education of 130 scholars ;

See M Grant's //ii/ury, cS'C. of Essex ; Dale's Hislori/ and also a barrack for foot soldiers. The remains ofan
«/' Hartvich and Dover Court ; and the Bcaiilies of ancient Gistle are still visible on a high rocky cliff to

Utigland and IVaks, vol. v. p. 330. For an account of the west of the town. The ruins resemble in fonn two
Harwich Cliff, see Essex, vol. ix. p. 20(», col. 2. sides of an oblique .spherical triangle, having the angles

HASSELQUIST, Fkederick, a celebrated Swe- rounded off. The base or south side towards the st-a

dish botanist, was born at Toeriivalla in East Gothland, completes the triangle, and is formed by a porpoii-

on the 3d Jan. 1722, old style. Having been left an dicular crag about 400 feet long. The east side is a
orphan at an early age, he was for some time support- plain wall about 300 feet long, and the north-west

ed by his maternal uncle ; but upon the de,ith of this side is about *00 feet, the whole area being about 1 fth
his only friend, he was obliged to support himself by acre. The walls are about eight feet thick. A little to

teacliing, even for some time after he entered the the west of the crag, aj-e the remains ofa priorj' of Black
university of Upsal in 1741. In I74(i, he procured a Canons.
royal stipend or scholarship, and such was his progre«s Hastings is one of the cinque ports. It had foniwr-
in botanical acquirements, that he became a favourite ly a good harbour and a considerable trade ; but as the

pupil i>i' Linnanis ; and was inspired with such an ar- harbour is choked up with sand, it now carries on
dour to examine the botany of distant countries, that merely a small coasting trade with London. Immense
though affected with a pulmonary complaint, he resol- numbiersof mackarel, herrings, soles, &c. are caught here,

vcd to examine the natural history of Palestine. In and forwarded by land carriage to the I>ondon market.

1749, be read lectures on botany in Stockholm ; and The only way to secure ships is to draw them up on
having received the offer from the Levant Company of the beach, which is here called the SVide. At tlie west

a free passage to Smyrna, he set sail on the 7th August, end of it is a fort mounting eleven 12 pounders. Boat
and arrived in that city on the 27th of Nov. 1 747. Du- building is carried on here to a considerable extent

;

ring the winter, he made an excursion to Magnesia, and and considerable occupation is given to the inhabitants

on the 13th May he arrived at Alexandria, and after- by a lime company, which employs nine sloops of 40
wards visited Uosetta and Clrand Cairo. In March tons burthen, in bringing the chalk from the Ilolywell

1751, he proceeded to Damietta, from which he sailed pits at Beachy Head, from April to N'oveniber. Alx>ut

to Jaffa, where he began his examination of the natu- 120,000 bushels of lime are annually made at the kilns,

ral history of Palestine. On the 2."d May he set sail which are situated to the west of the town,

for Cyprus, and after visiting Rhoiles and Stanchio, he Like other towns upon the coast, Hastings draws
returned to Smyrna in the end of .hily. His laborious considerable advantages from sea-bathing. Twenty
exertions had now begun to impair his strength, and bathing machines stand to the west o( the town, close

though he tried a milk diet, aiul a winter's repose at to a newly formeil walk calle<l the Parade. The beach

Smyrna, yet his health gradually declined, and he is here admirable; and convenient warm baths have

died on the yth February 1752, iu the 31st year of his been established some time ago by subscription. At
4ige, the distance of two miles from the town is a large broad

During his travels and illness, Hasselquist had un- stone, on which William the Conqueror dinctl when he

fortunately contracted a debt of about £i50 sterling, landed here. It is calletl the " Conqueror's Table,"

and upon his death liis collections and MSS. were seized The following is the statistical abstract for the town
by his creditors at Smyrna. As soon as the Queen of in 1811 :

Sweden was informed of this event, she redeemed that Numl)er of inhabited houses . . . . 6S5
valuable deposit, and put it under the care of Linnieus. Do. of families 7t*9

The MSS. papers of Hasselquist were published in Do. employed in agrictdture ... 45
1757 in Swedish, under the title oi Iter Pakitinwn, Do. in trade and manufactures . . 4'9

4
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Hastings, Males 1739

Hat. Females 2109
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Total population in 1811 384.S

East Long. 41' 25", North Lat. 50° 52' 10", according

to trigononnetrical observations. See the Guide to the

Watering Pface* 1805, and the Beauties of England and
Wales, vol. xiv. p. 18-1-.

HASTINGS, Battle of. See England, vol. viii.

p. 598, col. 2.

HAT, is the name of a piece of dress worn upon the

head by both sexes, but principally by the men. The
use of hats seems to have been first introduced among
the ecclesi;istics in the I2th century, and it was not tilt

the year 1400 that they seem to have been pretty gene-

rally adopted.

As the art of making common hnts does not involve

the description of any curious machinery, or any very

interesting processes, we shall not enter into minute
details upon the subject. It will be sufficient to con-

vey to our readers a very general idea of the method
which is employed.
The materials employed in making hats, are the fur

of hares and rabbits freed from the hair, together with
wool and beaver. The beaver is reserved for the finest

hats. The fur is first laid upon a hurdle made of wood
or wire, with longitudinal openings ; and the operator,

by means of an instrument called the (>otc, (which is a

piece of elastic ash, six or seven feet long, ^Y'th a cat-

gut stretched between its two extremities, and made to

vibrate by a bowstick,) makes the vibrating string strike

and piay upon the fur, so as to tlirow the fibres toge-

ther, wiiile the dust and filth descend through the
chinks of the hurdle. A sieve or scarce has sometimes
been used for the same purpose.

After the fur is thus driven by the bow from one
end of the hui-dle to the other, it forms a mass called a

bait, which is only half the quantity sufficient for a iiat.

The batt or ctipade thus formed, is rendered compact by
pressing it down with a hardening s/rin, (a piece of half-

tanned leather,) and the union of the fibres is increased

by covering it with a cloth, and allowing the workman
to press it together repeatedly with his hands. The
cloth being taken off, a piece of paper, with its comers
doubled in, so as to give it a triangular outline, is laid

above the batt. The opposite edges of the batt are

then folded over the paper, and being brought together
and pressed with the hands, they form a conical cap.

This cap is next laid upon another batt, ready hard-
ened, so that the joined edges of the first batt rest upon
the new batt. This new batt is folded over the other,

and its edges joined by pressure as before ; so that the
joining of the first conical cap is opposite that of the
second. This compound batt is now wrought with the
hands for a considerable time upon the hurdle, being
occasionally sprinkled with clear water till the hat is

Ixnniicd or rendered tolerably firm.

The cap is now taken to a wooden receiver, like a
very flat mill-hopper, consisting of eight wooden
planes, sloping gently to the centre, which contains a
kettle filled with water acidulated with sulphuric acid.

In this liquor the hat is occasionally dipped, and
wrought by the hands, and sometimes with a roller,

upon the sloping planks. The hat is thus fulled or
thickened for four or five hours ; knots or hard sub-
stances are picked out by the workman, and felt is

added by means of a wet brush to those parts that re-

<jiiire it.' The beaver is laid on at the end of this ope-

ration : and in the case of beaver hats, the grounds of Hit !l

beer are added to the liquor in the kettle. '-"^/-*'

The hat is now to receive its proper shape. For
this purpose the workman turns up the edge or rim to
the depth of about 1 h inch, and then returns the
point of the cone back again through the axis of the
cap, so as to produce another inner fold of the same
depth. A third fold is produced by returning the
point of the cone again, and so on till the whole re-

sembles a flat circular piece, having a number of con-
centric folds. In this state it is laid upon the I'lank,

and wetted with the liquor. The workman pulis out
the ))oint with his fingers, .-md presses it down with his

hand, tm-ning it at the same time round on its centre
upon the plank, till a flat portion, ccpial to the crown
of the hat, is nibbed out. This flat crown is now
jjlaced upon a block, and by forcing a string, called a
aivimandcr, down the sides of the block, he forces the
parts adjacent to the crown to assume a cylindrical fi-

gure. 'i"he rim now appears like a puckered append-
.ige round the cylindrical cone ; but the propcj* figure

is now given to it by working and rubbing it.

The hat being dried, its nap is raised or loosened
with a wire brush or card, and sometimes it is previ-

ously pounced or rubbed with pumice, to take off the
coarser parts, and afterwards rubbed over witli seal-

skin. The hat is now tied with a pack-thread upon
its block, and is then dyed, by being first boiled with
logwood, and afterwards immersed in a saline solution,

coi^isting of a mixture of green copperas and blue
vitriol.

The dj-ed hats are now removed to the stiffening shop.

Jleer grounds are now applied on the inside of the

crown, for the purpose of preventing the glue from
coming through ; and when the beer groimds are dried,

glue, (gum Senegal is sometimes used,) a little thinner

than that used by carpenters, is laid with a brush on
the inside of the crown, and the lower surface of the

brim.

The hat is now softened by exposure to steam, on
the steaming bason, and is then brushed and ironed

till it receives the proper gloss. It is then cut round
at the brim by a knife fixed attheendof aguage, which
rests against the crown : The brim, however, is not

cut entirely through, but is torn off so as to leave an
edging of beaver i*ound the external rim of the hat. The
crown being tied up in gauze paper, which is neatly

ironed down, is then reatly for the last operations of

lining and binding.

Hats are frequently made of straw, or of the chips Straw hats.

and shavings of wood woven or plaited together, to

form ribbons of narrow widths; and these are wound
spirally round a block, and sewed together in a cylin-

drical form, so as to form the hat. The rim or border

is made in a similar manner, and sewed to the hat after-

wards.

The manufacture of straw hats gives employment to

vast numbers of the poor inhabitants of Hertfordshire

and Bedfordshire. They select the whitest i-.nd most
regular straws, and cut them exactly into lengths ; the

straws are then whitened, by inclosing a great number
of bundles in a large l)ox, leaving a considerable space

in the middle, into which a cup filled with sulphur is

placetl, and this being lighted, the box is shut close, and

covered up with a wet blanket, to keep in the vapour

of the burning sulphur, which insinuates itself through

all the bundles of straw contained in the box, and ren-

ders them whiter, and of a more delicate colour. After

this preparation, the straws are split lengthwise into se-
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vcral WgmtsnU, hy a wire fittetl to tlip interior capacity~ of'thestrinv,aiu!havin(»four, six.orc' .slinrpon
the upper I'dfi^'s, and projecting rai!; : the wires.

The straws will easily split in the proper manner when
the wire is forced throuph them. For the convenience
of holdinc; this tool, the wire is bent at right angles,

about an inch below the part where llie leaves project

from it, and this bent part is fixed in a handle. The
slips of straw are now softened in water, and plaited

together by children, with great rapidity and exact-

ness. The most simple plait is that of three straws ; but
this is only for very coarse articles, and the slips of the

straws are very broad. Sometimes whole straws are

employed, being first pinched flat by softening them,
and drawing them through the fingers. The most
esteemed plait is that of six straws, and is more or less

valuable as it is finer or co.nrser ; and after the plait

is finished, it is passed several times between a pair of
^mall wooden rollers, to render the ribbon fl«t and so-

lid. Of these ribbons the hat is formed, by winding
them in a spiral direction, round a proper shaped wood-
en mould or block with a little overlap, .ind sewing
them fast together ; .ind when it is thus finished, the
whole is passed over with a hot iron, to smooth down
the seams, and the block is then taken to pieces, to

withdraw it from the hat.

The Society of Arts have lately piiblislicd a descrip-

tion of a uiacliinc for ironing down the hats upon the
block. For this puqiose the block is fixed upon a ver-

tical spindle, so as to turn round horizontally ; and the
pressure is given by a heated steel plate, fixed in the

middle of a long lever, the fulcrum of which is support-
ed with an universal joint, at the top of an iron stem
rising up from the table upon which the machine is

placed. The opposite end of the lever has a handle
with which the workman presses the steel plate down
upon the straw, and rubs it side'wi.se to smooth it

down, at the same time he turns the block and hat round
upon its spindle, by means of cross arms provided for

that purpose, to present every part to the action of the

steel. An iron box is formed just over the steel plate

to receive a red hot heater, and this is kept in by a lid.

It is stated as a great advantage of this machine, that

the pressure of the lever being considerable, the hot
steel plate can be quickly passed over the straw, and
does not therefore injure the colour.

The importation of straw hats from Germany and
Italy is very considerable. They have the reputation

of producing the best articles of that kind at Leghorn,
from whence more than 12,000 dozen have been im-
ported in one year. Mr Corstoul, in a memoir to the

Society of Arts, has shewn the practicability of produ-
cing an adequate substitute for this article in Kngland,
by plaiting the straw of rye, which he cultivated on a

poor sand}^ soil in Norfolk, sown at the rate of two
bu.shels per aci'e. He found that the produce of four

square yards, when manufactured, was ten yards of

Leghorn plait, of four different qualities, and weighing
one ounce,

mna^-^ Chips or shavings of wood are also used fo>- making
^ine for hats : and some hats of this sidjstancc are woven alto-

'' gclher in one piece, or they are woven in wide pieces,

which arc afterw.ards made up into the figure of the

,. hat. Sometimes the chips are only used as the fabric
' of the hat, and are woven in with silk, which also co-

\ei's the chips, and forms the exterior surface. A pa-

tent was granted in 1808 to Mr Thomas, of London,
{'or an ingenious machine which weaves the whole hat

ii this way, and of the intended figtii'e, without any

senm*. Fifj. 7. ia nn ricvMmn', snd Iff^. ». a •rMinn oftTrf* •»•«•

machine, in which A i-

the hat is to be fonwd
to separate for tlic purpose oftuiting oH thr
cd upon nsquarestem B, which ri-xiinnd fill

tube D, by the action of n pinion a upon n rack which
is fixetl to the stem. The tul)c D is supported upon a
pivot at the lower end, and is embraced at nlHnit half
its length by a collar E, in the frame or pedestal EFF,
which sustains the whole machine, but pennitii it to
turn round upon the pivot, that the workman, who »it«

with the machine before him, may bring cvcrj- part of
the block towards him. He can turn it round by apply-
ing his foot to the circular board or wheel rr, which
projects from the axle or tube D at the lower end. The
top of the tube D carries a c}lindrical woixlcn box G,
large enough to contain the block A without touching
it ; and upon the upper edge of this cjdinder is fixed a
projecting flauuch or circular plate. Around the cir-

cumftTcncc of the plate, a circle is described, and a row
of holes pierced at equal distances, so as to divide the
circle into 72 parts, and each hole receives a wire k.

Imnu'di.ntely within the row another circle is mode, and
divided into the same number of holes ; but the wires i

which pass through these latter holes are interspaced
between the former. Each wire has an eye formed
through its upper end, for the reception of a slip of
chip, marked //, ofwhich there will be 1 H in number,
radiating from the centre of the block, to which tliey

are all made fast by a plug ; and .ifter passing through
the eyes of the wires k and /, the slips hang do\vn, and
liave small leaden plumbets m, m appeniled to them,
to stretch them straight.

Tl-ie lower ends ot the wires i are all jointed to a cir-

cular ring of wood o o, which fits upon the external
surface of the cylindrical box G, ana slides freely up
and down thereupon; in like manner the interior wires k
are jointed at the lower ends to a similar ring j i, which
is connected with the foi-mer ring o o by two small cords,

which pass over pullej's fixed in the flaunchg, and conse-
quently when either the rings i or o are pulled down the
other must be raised up, and vice versa. To draw down
the lower ring o, it has two wires », p (Fig. 7.) joined Pig. 7,

to it at the opposite sides, and these descend to the
treadle r, upon which the workman places his foot ; and
the action of this pressure is to divide the whole num-
ber of shreds of chip into two sets k and /, one ofwhich
is depressed, .ind the other elevated. The weaving is

performed by p-nssing a knitting neetlle filled with silk

in the space or angle between k and /, until it has made
a whole circuit round the block or crown of the hat

;

then, relieving the pressiire upon the treadle r, the

weights m cause tlie wire k and ring i to descend, and
the other set of wires », and their ring o, to ascend, by
which means the situatioii of the chips k and / become
reversed, / being the uppermost, and X- the lowest. In

this situation the ncpdie is again passed round in the

opening between them. This done, tlie trcailJc r is

depressed to restore them to the position of the Figure,

and the needle is again passed ; and thus the operation

is continued imtil the whole is woven together ; the

chips radiating from the centre forming the warp, and
the silk the weft, running in circular or rather spiral

lines, and passing alternately over and under every

chip. In some cases two needles of silk .ire employ-

ed, one proceeding in one direction and the other in

the opposite direction, or one passing over any chip

whilst the otlrer passes under it ; and in this way the

whole surface of the hat-is of sDk, the chips being all

5
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Hat, covered. When the crown of the hat is finished in this

Hatching, way, the cylindrical part is done by raising up the block
^ "" by its rack and pinion ; and at last the block is taken to

pieces to get the hat off.

For farther information on this subject, see Nollet,

Art du Chapellicr, or Mem. Acad. Par. 1765 ; Hist. p.

i 32 ; Gerard, Mem. Acad. 1 770 ; Hist. p. 1 16; Trousier,

in Rozier's Journal, vol. xxvii. p. 71 ; Monge on Felt-

ing, in the Annates de Chimie, vi. p. 300, or in the Re-
perlory of Arts, vol. iii. p. 351 ; Chaussier, in the Jour-

nal Polylechnique, or in Nicholson's Journal, vol. i. p.

399, or in the Reperlori/ of Arts, vol. x. p. 275 ; Til-

stone's patent for making hats of kids hair, in the Re-
pertory, vol. i. p. 1 ; Dunnage's patent for water proof

hats, in imitation of beaver, consisting of silk, mohair,

cotton, inkle or wool, in the Repertory, vol. iv. p. 302.

Burns' patent for a new material for hats, in the Reper-
tori/, vol. ix. p. 167; Dunnage's patent for ventilating

the crowns of hats. Id. vol. ix. p. l67 ; Boileau's patent

for straw hats. Id. vol. xi. p. 97 ; Chapman's patent for

taking off the fur or wool from skins for hats, /rf. vol.

vi. p. '}74 ; Messrs Ovey and Jepson's patent for hats.

Id. vol. xiii. p. 373; Messrs Walker and Alphey's pa-

tent for water proof hats. Id. vol. xvi. p. 217; Trans-
actions of the Society of Arts, vol. i. p. 29, vol, xxiii. p.
226", vol. xvi. p. 237, and vol. xxv. p. 154; Nicholson's

Journal, vol. ii. p. 467, 509, vol. iii. p. 22, 23, 73, vol.

iv. p. 236 ; Sarrazin, Mecanique propre a carder el me-
langer les laines el pails servant a la fabricalion des cha-

peaux, in the Archives des Decouvertes, pour 1812, vol. v.

p. 189 ; Guichardiere stir mi nouwau mayen de fouler
les chapeaiix, in the Archives des Decouvertes, S;c. pour
1815, p. 198. See also our article England, vol. ix.

p. 11. for an .account of the hat manufacture in Eng-
land.

HATCHING, is exclusion of the young from the eggs
of animals, either by the temperature of the circum-
ambient air, artificial heat, or the incubation of birds.

Nature has adopted some remarkable distinctions in

the mode of propagating animals. Some are brought
to perfection in the womb of the mother ; others, origi-

nally concentrated in eggs, are discharged either in that

state, where the future concourse of the male is required

to excite the vital spark, or where the latent embryo
will be unfolded by the simple application of heat. To
the first class belongs the offspring of all quadrupeds ;

the second inchides many of tlie amphibious tribes, es-

pecially toads, frogs, and newts ; and the third, the
whole class of birds, numerous fishes and reptiles, and
most of the insect, molluscar, and vermicular tribes.

Hatching and incubation have therefore different mean-
ings, or the former, which applies to every kind of
evolution of the nascent being, may be said to include
the latter. Most animals that produce eggs, leave them
simply to the care of nature, and certainly never recog-
nise their offspring after birth, at least with some excep-
tions, of which there is a prominent example in the cro-

codile. But in so far as we can yet ascertain, all birds
impart their natural lieat to their eggs by incubation,
and watch the developement and subsequent growth of
their young. Some distant analogy may therefore be
conceived to subsist between gestation and incubation,
in the respective period necessary for each according to
the genera and species of animals. The period of ges-
tation is generally, perhaps imiversally, longer in the
larger viviparous tribes ; and incubation is protracted, in
proportion to the size of the bird. One irreconcileable
ilifference, however, subsists, in there being no known
method of accelerating the former, while exclusion of
the young from the egg may be promoted, by aug-

menting the intensity of the temperature. We are yet
unacquainted with the process undergone by the egg of
the largest of the feathered race, the ostrich : some as-

sert that its exclusion is left entirely to the effects of the
sun ; while others maintain that it is aided by the in-

cubation of the female. That of the swan requires in-

cubation during 42 days ; that of the domestic hen 21

;

and that ofthe linnet 14. But we are told, tliat the pe-
riod is somewhat abridged in the warmer clhnates ; that

the egg of the common fowl has been brought out in 1 ;>

days, by the aid of artificial heat ; and that by the di-

minution or interruption of the temperature, it has been
retarded for six weeks. It appears, that the he.it of 104*

of Fahrenheit's thermometer is required to hatch the
eggs of all birds, the largest and smallest, and tiiat the
surface of the skin of the mother imparts it to that ex-
tent. Thus nothing more is required for the evolution
of fecundated eggs, than the simple application of any
kind of heat.

TJiese facts have been a long time established beyond
controversy, whence they could not escape the notice

of the ancients, as they now attract the consideration of
the most unlearned observers. Instead of abiding by
the ordinary course which nature has herself comrailteil

to the parent, mankind, for the sake of deriving more
profit from their own contrivances, have resorted to the

means of hatching birds by artificial heat. The earliest

information concerning this process, is probably obtain-

ed from Aristotle in these words :
" Although incubation

be the common method employed by nature for bringing

out eggs, it is not exclusive ; for we see that in Egypt
eggs will be hatched of themselves in the earth, if co-

vered over and heated by litter." And he farther re-

marks, " that when heated in certain vases wherein
they are deposited, they hatch of themselves." Diodo-
rus Siculus expresses his admiration of the contrivance

;

and Pliny, who lived a century after Diodorus, re-

marks, that " eggs are excluded of themselves quite

naturally, and without the aid of incubation by fowls,

as in the dunghills of Egypt." Nevertheless, on com-
paring this witli other passages of his works, it is ob-

vious that Pliny could not have been ignorant, that

the application of simple heat was effectual. He and
Suetonius relate, that Livia, the wife of Augustus,

who had before been married to Tiberius Nero, be-

came pregnant, and desiring, with all the ardour of a
youthful female, to discover of which sex her offspring

would be, took an egg, that had undergone partial in-

cubation, and kept it warm in her bosom. When obli-

ged to desist, it was always committed to one of her

women, that the same invariable heat might be preser-

ved. Her object was successful ; and the latter bio-

grapher informs us, that " from this egg a cock was
hatched with a very remarkable crest.'' Phny there-

fore concluiles, " It is probably on such principles, that

a method was not long ago devised, of placing eggs in

straw heated by a slow fire, a man being occupied in

turning them at different intervals until their chickens

were hatched." In another work of the ancients, the

Geoponica, there is a whole chapter ascribed to Democri-

tus, treating of " how it is {wssible to hatch eggs without

the aid of fowls ;" and the principle is analogous to the

employment of dunghills. The eggs are to be placed

in jafs, observing to mark the date of deposition on
the shell of each, on purpose to ascertain when the 20
days necessary for their exclusion shall have elapsed.

Then the shell is to be broken, and the chickens supplied

with food. It is unnecessary to insist farther on the prac-

tice of the ancients ; but as Herodotus passes over that

of the Egyptians in silence, some authors have dated its
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commencement between his era and tlie age of Aristo-
tle, which were not remote from eadi other.

Tliis branch of in<histry thougli continued to the pre-
sent day, as we shall have a future opportunity of il-

histrating, is not peculiar to Egypt. It was adopted at
Naples in the fifteenth century, where there was a pa-
lace belonging to King Alphonso II. containing an oven
that could hatch 1000 chickens. Francis I. of France,
is said to have made exjicriments on the same subject
at his chateau of Mont Trichard,. in the sixteenth cen-
tury ; ahd Thevenot, at a later period, affirms that one
of the Grand Dukes of Tuscany obtained an Egyptian
to superintend his proceedings ; and also refers to tlie

same process being adopted in Poland.
The art however seems to have been practised on the

most extensive scale in Egypt, to which country we are
constantly referred for details on the art of hatching
birds by artificial heat. The Royal Academy of Sci-
ences at Paris indeed, esteemed this subject sufficiently

interesting for particular inquiry, and from the inves-
tigations which they made, as well as from the accounts
of various travellers, we have obtained the following in-
formation.

A rectangular edifice of brick or clay, called a mamal,
is constructed, half sunk in the earth. Niebuhr describes
one at Cairo, as being in a manner implanted in a hil-

lock. It consists of two stories communicating with
each other, and down the middle there is a passage,
probably for the attendants. Each side of the passage
13 partitioned into 5, 6, or 8 chambers, or any other
number, as no general rule seems to be preserved, and
in these the eggs are deposited. At the outside of one
angle of the building there is a furnace or fire-place,

and this being fiUetl with a mixture of cow's and ca-

mel's dung, the ordinary fuel of that country, the heat
is conveyed to both stories by means of flues during 3 or

4 hours daily at different intervals ; but after 10 days fire

is no longer supplied, the oven being sufficiently heated.

Lest the heat should be too great, ventilators are used

;

but those who conduct the process have no other rule

than to render the temperature equivalent to that of the
baths of the country, and, if it is greater at first, they af-

firm, that it will occasion no injury. When the oven is

converted to use, the floor of the compartments is covered
with a mat, above which there is a bed of straw, and then
a layer of eggs. Niebuhr says, a second tier of eggs co-

vers the first. Mr Browne, if we rightly recollect, af-

firms, that the eggs are deposited in such a manner as not

to touch each other. All are turned twice each day, and
four times during the night. Towards the eighth or

tenth day, they are examined with a lamp, and those

which appear unimpregnated are rejected, and in four-

teen daj's the whole are transferred to the upper story.

At length, on the twentieth and twenty-first day, exclu-

sion takes place ; and as the chickens can subsist two
days without food, their owners have sufficient time to

receive them, or they are sold to others.

The number of mamals distributed throughout

Jigypt in the beginning of the last century was (iSG,

according to Father Sicard ; and the number of eggs
hatched in each is said, by him and other travellers,

to amount to 40,000, 50,000, or even 80,000 eggs,

a fact almost incredible. But in the an-angements ne-

cessary to encourage and preserve such a branch of
industry, a circle of several villages must bring to

the mamal all the eggs belonging to that particular

district. The inhabitants are liable to penalties if

they dispose of them elsewhere ; and the proprietor of

the mamal is also limited by certain restrictions. He
is entitled to select those eggs which he deems suffi-
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cicnt, and i.i re»pon«ihlc for a pro<Iure corrMpondinir to
only two-third» of the numlier. 'Ihu» tlic uwnir of
3{XX) tggs receivea only 2000 chicken* ; but u unrm.
sonable profits wo.dd nomctiine* be derived fnun ihi- »ur-
plu.s, he is entitled to rc<lecm the chickiiii at a c«Tt«in
price from tlie proprietor of the ovni. Dr Gravr». in
a paper in the Phiiosnphical TTiimaeliant, ««v», tJiat

200 pounds of litter are <laily required for heating the
mamals

; and Pococke observes, Umt it i« scarcely pos-
sible to enter them on account of tlie amokc.
The success of this process is suppoaed to result more

from the nature of tlie climate in V.uy pt, where it i* prac-
tised only during certain seasons, than from any particu-
lar ingenuity. Sudden alterations of weather may he de-
structive ofthe progeny ; and an instance is givin, where
the occurrence of a shower cooled the atmosphere so
much that 4000 chickens, nearly matured, perished in
one oven. It is affirmed, that the inhabitants of a village
called Berme, situated on the Delta, are almost exclu-
sively the managers of the process, which is transmitted
from father to son, and preserved secret among them.
At appointed times, they disperse themselves through-
out Egypt to take care of the ovens.
The modem Chinese are well acquainted with the

method of hatching chickens by artificial heat. Mr
Barrow mentions, that even those families practise it

who have a permanent abode on water. They deposit
the eggs in sand, at the bottom of wooden boxes, which
are placed on iron plates kept moderately warm. Thus,
while a new brood is obtained, the old birds continue
laying nearly without interruption.

M. de Reaumur, an ingenious naturalist, devoted
much time and attention to the subject of hatching
eggs by artificial heat, which he seems to have lieen

desirous of introducing into France under the su-

perintendence of a Bermean. He adopted different

methods of accomplishing this, which are copiously

detailed in a work on the subject, that has been
translated into several European languages. Two plans

were principally followed ; the first, which was analo-

gous to that of the Egyptians, consisted in raising a
superstructure above three bakers ovens, for contain-

ing the eggs. A small carriage on wheels, or rollers,

was formed, in which were several drawers, or shelves,

whereon the eggs were placed in successive rows, or

strata, that is, one layer on each. The carriage could

be brought at pleasure on its wheels to any part of the

surface, and the state of all tlie eggs could be ascertained

on pulling out the shelves, or drawers, in which a ther-

mometer likewise lay, for indicating the heat. By means
of thjs simple apparatus, Reaumur succeeded perfectly

in hatching chickens ; and he acquaints us, that a
nun, to whom he entrusted his first experiment, in the

oven of a convent, obtained 20 from 100 eggs. He
conceives, that a suitable oven, twelve feet square and
four feet high, with a stove in the centre, could be erect-

ed at little expence, which would necessarily be heated

to 104". Instead of thermometers, the temjicrature

m.iy be ascertained by melting a piece of butter, as

large as a walnut, with half as much tallow in a phial.

When it flows like a thick syrup on inclining the phial,

the proper heat is obtained.

The second, though a less efficacious plan, adopted

by Reaumur, consisted in burying casks of eggs )n a

dunghill, the warmth of which might promote exclu-

sion. Here, however, he was opposed by uncommon
difficulties ; and he acknowledges that, had the former

expedient been first devised, he should never h.nve re-

sorted to the latter. His experiments were originally

made by depositing the eggs simply in the dunglvill in

4 o
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Hatdiing. an oblong cavity, covered by two planks. Most of
"^""y"^ them advanced favourably during eight or ten days

;

but after this they became putrid, disseminating an

infectious effluvia, and not one produced its young. On
employing casks, Reaumur suspended three flat baskets

or sieves at intervals vifithin them, containing one or

two layers of eggs, along with thermometers. However,

the temperature of the dunghill being subject to conti-

nual variation, occasioned great embarrassment; and
the author conceives that the experiment may be more
successful by resorting to several, which may possess

different degrees of heat. To preserve it permanently
equal is very difficult; and turning the eggs is also

attended with trouble. In the course of his experi-

ments, Reaumur found, that, though the tempera-

ture should be regularly 104", the expanding embryo
could exist at from IIS^ to 1220; and that an egg, du-

ring the period of total developement, loses about a

fifth or sixth of its weight. He found that a humid
and mephitic vapour arising from the dunghill injur-

ed the nascent young more than heat. He therefore

devised a new kind of oven, heated in the same man-
ner as the casks by a dunghill, but resembling the su-

perstructure he had used on the baker's oven. This
was a rectangular box or case, six Or seven feet long,

between 21 and 4-0 inches broad, and about eight inches

high. It was immersed in a dunghill, leaving one
end open, and the eggs were placed on a carriage

or tablet moved in upon rollers. By observing proper
precautions, Reaumur succeeded m hatching about
three-fourths of the eggs he employed.
From the brief abstract now given, a general idea

may be formed of the two different methods ; but M.
de Reaumur's work itself must be consulted for the de-

tails. As it is not uncommon, we shall proceed to give
an account of other expedients suggested or adopted by
a more recent naturalist, the author of the Ornil/iotro-

pkie Artificielle ; more especially as we do not know that

they have ever been alluded to in any English work.
'This author employed a circular oven of earthen-ware

as a model of his great plan, heated by a cylinder of
boiling water passing through its centre and resting on
a fire-place below. This model, which proved sufficient

for practice, is 28 inches high, by 24 in diameter; and an
inch thick in the sides. "The top is arched ; and some
inches below the commencement of the arch are four
holes opposite to each other, two inches in diameter, for
ventilators; because in all these experiments ventila-

tion must be strictly attended to ; as also other four
near the bottom, of one inch in diameter, two of which
penetrate the sides of the oven horizontally, and
two obliquely. All have cork stoppers. There is a
door half way up the side of the oven, six or seven
inches square, which may be opened to admit the hand
for internal operations, with a hole and a cork stopper
of an inch diameter in the middle. This oven, which,
it will be observed, is of a cylindrical form, is closely lu-
ted to an earthen-ware table, two feet and a half square,
and two inches thick, with a hole in the centre for re-
ceiving the column or cylinder of hot water. Below
the table, and between its feet, there is a small stove,
also of earthen ware, about ten inches deep and seven
in diameter, which, besides a door on hinges like that
of a common stove, six inches by five, has other two
openings. One of these is in the centre of the top, three
inches m diameter, to admit the base of the metal cylin-
der for water; the otlier is in tliat side opposite the door,
nearly three inches in diameter, and three inches lower
than the former. Its use is to carry off the smoke from a
grate of live coal whereon this stove is to be placed. But

one of the most essential parts, the one indeed where the

chief merit of the contrivance lies, consists in the means
of heating the oven by a hollow tin cylinder, three

inches in diameter, let down into the liole at the top of
the arch above, and resting on the stove below, which
is situated on the grate. By the boiling of water contain-

ed in it, the requisite heat is obtained ; and its degree is

regulated by the ventilators. The cylinder must be
closely luted to all the three apertures through which
it passes, that is, the top and bottom of the oven, and
the top of the stove ; but it is necessary that about two
inches should intervene between the top of the stove

and the table or bottom of the oven. A moveable lid of
block tin, with a hole of an inch diameter in the centre,

covers the top of the cylinder, which projects a little

above the oven. In practice, it is found more conve-
nient to increase the cylinder to the diameter of four

inches, and some enlargement of the stove is also ad-

vantageous. The eggs may be deposited on cards or

small shelves, three or four inches broad, ranged around
the interior, and separated by intervals of three or four

inches high, so as to contain above 300.

Should the reader understand the preceding descrip-

tion, he will easily comprehend the mode of enlarge-

ment of all the parts, wlien real service and operationi?

on an extensive scale are required. A circular brick

building, arched above, seven feet eight inches high to

the spring of the arch within, seven feet of internal dia-

meter, and 8 inches thick in the wall, is to be erected.

Ventilators, as before, are in the sides ; and the door is

four feet high, glazed in the upper part. Ten succes-

sive tiers of shelves, a foot broad, project from the

whole internal circumference, leaving an interval of

seven inches between them ; and as 44 or 45 eggs
occupy a foot square, these shelves will contain 8000.

The cylinder of water must be a foot in diameter, pro-

jecting above the building, and entering a stove below,

over a furnace which is now to be sunk in the gi-ound.

It is necessary to keep a thermometer constantly im-

mersed in it ; and a hygrometer is also required to as-

certain the humidity of the interior of the edifice, which
is to be lined all over with lambskins, and covered ex-

ternally by woollen stuffs. Moveable skylights in the

roof admit fresh air into the building. "The advan-

tage of using hot water is, the equal and uniform diffu-

sion of temperature throughout the oven, which, at the

edges of the shelves, should be 106", and will be indica-

ted by the thermometers deposited there.

Afler selecting the eggs, they are to be laid on a

thin bed of very dry rubbed straw, and turned three

or four times daily. 1'he ventilators are to be opened

twice a-day. On the sixth day it will be seen on in-

spection what eggs should be removed as unproductive,

and this examination ought to be repeated on the fif.

teenth. Towards the nineteenth day it is proper to

stretch mattings over the edges of the shelves, to guard

the young brood, which will appear on the twentieth

or twenty-first, from falling over. The period of ex-

clusion is sometimes accelerated or retarded ; the op*
rator should continue removing the shells, and aiding

the weaker chickens to free themselves; but the remain-

ing eggs are to be withdrawn as unproductive only on

the twenty-third day.

With regard to the actual practice which the inventoir

of these methods followed, it appears that in two experi-

ments on 50 eggs each, when the model was used, the

first had but indiffeftnt success, from the heat having

been kept too low : but, in the second, chickens were

obtained from the whole impregnated eggs, except

three or four. Eight broods were attempted in the
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large oven, cacli quantity of cgg« coiwislinpf at a me-
tliiim of from 2000 to aOOO, niul the experiments were
made at diftbrent seasons. At an average the pro-
duct did not exceed one in six, while In trjring natural
incubation at the same time al>o\it Iwo-thirdd of the

eggs were hatched. The dryness of the internal air

proved injurious, and chickens of larger size were pro-
cured, by obtaining an artificial humidity from the eva-
poration of water in vessels.

It is generally understood, that chickens hatched in

tliis way are not equal in strength and size to those pro-

cured by the reguhu* process of nature; many are maun-
ed, and it is said that monstrosities are frequent.

When the young brood has escaped, the heat of the
oven may be reduced to Q5^ or ()0', and they may be
fed, tliough they can subsist a day or two without meat.
They may then be consigned in great numbers to the

care of capons, trained on purpose. But as capons arc

very rare in this country, and as on the continent it

was found more convenient to prosecute the process

without the intervention of other animals, artificial m<y.

thers have been contrived. These are of different kinds,

but one of the best is a low cage, of tvvo or more stjiges,

etufled within, and lined with feathers: or tliere is ano-
ther equally useful, consisting merely of two opposite

shelves, near the ground, stuck over with feathers be-

low, under which the animals may creep at pleasure.

See Reaumur Art ile J'aire eclure et iTElcver en toute

saisnii des Oiseaux Domestitjiies ; and Omilholrophie Ar-
tifickllc ou art de faire eclore et d'Elever la Voiaille par
le moyfti d'lin chalcur Arli/icielle. (c)

HAVANNAH is the principal town in the island of
-Cuba. It is situated on the north coast of the island,

about 45 leagues from Cape Sable, and 80 coastwise from
St Antonio, in a fertile and agreeable tract. It is built

in a semicircular shape, the shore forming the chord,

and is nearly two miles in circuit. The town is, upon
the whole, regularly built, but tlie squares are irregu-

lar, and the streets narrow ; some of the principal ones
being paved with iron-wood, which is very durable.

Near the middle of the town is a spacious square enclo-

sed by uniform buildings. The houses are disfigured

with heavy balconies and wooden railings, and are by no
means elegant. The town contains 11 handsome and
richly orn<imented churches, two hospitals, and other

public buildings. The Recollects church has 12 beauti-

ful chapels, and in the monastery are cells for 50 fathers.

The church of St Clara has seven altars, adorned with
plate; and the nunnery contains 100 women and ser-

vants. The church of the Augustines has 13 altars,

and that of St Juan de Dios 9- The arsenal is a very

superb edifice. The harbour, which is about a league

in breadth, is capable of containing all the navies of

Europe ; and it is so safe tliat they could lie without

cable or anchor. There is generally a depth of six

fathoms of water in tlie bay. This harbour is strongly

fortified, both by nature and art. The entrance to it

is through a very narrow channel, about 1200 yards

, long, and confined by rocks. The entrance is guarded

by platfoi-ms and various works, mounted with artillery.

The mouth of the channel is also defended by two
strong forts. The fort on the east side, situated on a

rock, is called the Morro. It is of a triangular form,

and is fortified with bastions and 40 pieces of cannon.

The other fort on the west side, and adjoining to tlie

town, is of a square fonn, and is called the Punta. The
other forts are El Fuerfe, a square fort, mounting 22
pieces of cannon, the battery of the 12 apostles, and the

shepherd's l)attery mounting 14 guns. As tlie town can

only be attacked on the landside^ it is strongly defended

in that quarter ; but tlic fort* arc
ral eminences, of whidi an cnt

advantage. The I'unta, the I

measure tlie Morro, are comm.iii... .i

on a part of which the Morro is built.

br wvc- HaiMMii.

retdily Uk« -^Y'^
tnd in a great

^ the C«vannu,
The north »ido

of the eminence on which the church of the suburb cmlU
ed Guadaloupe is built, flunks the Punta gate, while its

south-east side commands tlie dock-yard. It is said
that the works cover such a vast extent, that 15/100
men, who are the most that could b« employed, are
not sufficient to invest them. There arc no fewer tliaii

800 cannon mounted on all the works. An
squadron can only anchor at the foot of tlie c.i

John D'Ulua. This celebrated fort containi no uilirr

water but that of the cisterns, which have lately under-
gone a great improvement, having been subject to split,

from the discharge of artillery. The town was taken
by the Buccaneers, under Captain Morgan, in l(k}>J,

and on the 13th August 1762 by tlie Lngli»h, under
Lord Albemarle and Sir George Pocock. 'i'he Morro
was in tliis case taken by storm. It was, however, re-

stored to Spain, at the peace of Paris in 1763.

The Havannah is the most important of the Spanish

settlements in America, and is considered as the key
of the West Indies. AH the ships that came from the

Spanish settlements, and formerly the galleons and
fiota, assembled at tlie flavannab.

There are large dock-yards at the Havannah for

building ships of war. The masts, tlie iron work, and
the cordage, are brought from Europe. The other ma-
terials are obtained in abundance in the island.

The trade of the Havannah consists in skins, tobacco,

wood, sugar, dry confections, anil generally of all the

productions of the island of Cuba. Humboldt ^vea
the following statement of the trade of the Havannah :

Exportation in native produce eight millions of pias-

tres, of which 31,600,000 kilogrammes (69,678,000 lb.

avoirdupois), or 6,320,000 piastres in sugar (valuing

the chest of sugar at 40 piastres), 525,000 kilogram*

mes (1,1.57,625 lb. avoirdupois), or 720,000 piastre*

in wax (the arroba at 18 piastres), 625,000 kilojjram-

mes (1,378,125 lb. avoirdupois), or 250,000 piastres

in coffee (the arroba at five piastres). The exportation

of sugar, which was next to nothing before 1760,

amonntetl in 1792 to M .600,000 kilogrammes, in 1796

to 24,000,000 of kilogrammes, and from 1799 to 180.*J,

at an average, to 33,200,000 kilogrammes annually.

In 1802 the harvest of sugar was so abundant, that the

exportation rose to 40,880,000, kilogrammes (90,010,400

lb. avoirdupois); so that this branch of trade has

been almost tripled in ten years. The customs of tbe

Havannah amounted, between 1799 and 1803, at an

average, to 2,047,000 piastres annually ; and in 1802

they exceeded 2,400,000 piastres. The total amount

of the trade is 20,000,000 piastres.

On the igth January 1796, the city of theJHavannah

was honoured with the remains of the illustrious navi-

gator Columbus. In consequence of an order contained

in his will, his Iwdy was removwl from the Carthusian

convent of Seville, and deposite<l along witli the chain*

with which he had been loaded at Cuba, on the right of

the high altar of tlie cathedral of St Domingo. N\ hen

this island was ceded to the French, his de«ccndanta

directed that the brass coffin, in which the whole was

conUined, should be rcmovetl to tlie Havannah, which

was done on the 19th January 1796. The coffin waa

carried down to the harbour in procession, and under

the fire of the forts, was put on board a brig, which

conveyed them to the Havannah, where it was dopoM-

ted without any montunent The city is supplied with
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Havcrford- water by the small river Lageda, which has its origin sected with creeks and ditches. It is defended by lofty

''^*'' in the hills on the south-west side of the town. One of walls, and ditches furnished with sluices, and has a
Havre de

^y^^ three streams into which it divides itself runs into citadel with bastions, whicli is one of the most regular

'-^""l_' the sea to the east of the town, while the other two flow in the kingdom. It contains two churches, an hospi-
" ~ through the city. The population of the Havannah has tal, poors-house, arsenal, magazines, and storehouses,

been recently stated at 25,000 ; but Morse informs us, for the construction and manning of ships. There are

that an intelligent traveller has lately estimated it at no fewer than forty streets, adorned with six fine foun-

70,000. There are no fewer than 3000 cabriolets in tains. Four of these streets terminate in the great

the town. The position of the house of Don Antonio square. The harbour, which has a long pier connect-

Robredo at the Havannah, according to the newly pub- ed with it, is capable of containing from 600 to 700
lished observations of M. Ferber, is West Longitude vessels. It has a depth of water sufficient to hold ships

82° 5' 47", and North Latitude 23° 8' l6". See our ar- of war of 60 guns. There is here a fine dock-yard,

tide Cuba, vol. viii. p. 479—481. several rope-works, and manufactories for tobacco, lace,

HAVERFORDWEST, called Hwlffurdit, is a town starch, vitriol, earthen ware, paper, tiles, and bricks,

of South Wales, and the capital of the county of Pem- The tobacco manufactory was established by the French
broke. It is situated on the side of a very steep hill East India Company, and at one time there were 60
on the banks of the river Daugleddy or Cliddy, which tables furnished with a wheel, and attended by seven

forms a bay for packets and vessels, and which is cros- persons. Each of these made 90 pounds of tobacco in a

sed by a good stone bridge. In the upper part of the day, and, including Caudebec, Harfleur, and Fecamp,
town there are some good houses ; but from the in-e- the annual value of this manufacture was 170,000 francs,

gularity of the avenues, from the narrowness of the It lias, however, greatly declined, but still employs
greater part of the streets, and from the confused man- about 400 workmen. The rope-works were lately eight

ner in which the houses are piled one above another in number. There is here also a refinery of sugar, and
on the steep declivity of the hill, it has a very singular another of oil, both for burning and painting,

and unpromising appearance to a stranger. The prin- In time of peace, Havre carries on a great trade with
cipal public estaljlishments are three churches, St Mary's, the United States of America and the West Indies, and
St Martin's, and St Thomas's, a custom-house, a free takes a great share in the herring and whale fisheries,

school, a charity school, an alms-house, and a good About 600 vessels used to return loaded with tlie mer-
quay, at which vessels of large burden can unload, chandise of other countries ; viz. 60 from Martinique,

'The castle, when seen from the bridge, has a stately 1 8 from Newfoundland, 40 from Marseilles, 65 from
appearance ; but since the sessions have been held here, the coast of Fi-aiice from Bayonne to St Malo, 1 from
it has been greatly disfigured by part of it being con- St Maurice, 15 from Lisbon, 20 from Holland, 260
verted into a county gaol. The walls are of great from England, and more than 60 from other countries

thickness. It was strongly fortified with towers, and of the north.

is said to have been built by Gilbert Earl of Clare. Havre was founded in 1509 by Louis XII.; and.
At a short distance to the south of the town, is a pri- after the battle of Marignon, Francis I. built a large

ory of black canons, endowed by Robert de Haverford, tower to defend the harbour, and gave it the name of
lord of this place. The walk to it from the town is Franciscopolis. The walls of the harbour were scarce-

pleasant, and the ruins have a venerable aspect. The ly begun, when an irruption of the sea destroyed about
chapel is the best preserved part. two-thirds of the town, and almost all the inhabitants.

The market here is one of the largest and most abun« on the 1 5th January 1 525. Twenty-eight fishing boats

dant in Wales, and fish are to be had in the greatest were carried into the ditches of the castle of Graville.

plenty and variety. There is likewise a very large Population 19,500. East Long. 0° 6' 38"; North Lat.

com market, and there is a great fair for horses and 49" 29' 14".

cattle on the 7th of July on St Thomas's day, who is HAWARDEN, commonly called Harraden, or
the tutelary saint of the upper town. Near this town Hording, is a town of North Wales in Flintshire. It is

there is a cotton mill, which gives employment to about a thriving place, and is situated on a small river run-
ISO persons. It is the principal manufacture in the ning into Chester New Channel. The streets are well
county. A considerable number of independent gen- paved, and the houses well built. The church is a
try reside at Haverford. The town is a county of it- plain good building, and is remarkable only for ha-
self, and it sends one member to parliament, who is ving an annual revenue of about it 3000. Between
elected by freeholders and burgesses, and inhabitants not the town and the river Dee, the remains of the castle

receiving alms to the amount of 500. The inhabitants of Peny Llwch stands upon an eminence. It was a
draw their chief support from travellers who go from place oi' great strength, and is supposed to have been
Milford Haven to Waterford, Wexford, Cork, &c. built before the Norman conquest. It was demolished
The following is the population abstract for the town by order of the Parliament in 1680. By the exertions

in 181 1. of the Glynne family, the form of the castle has been
Number of inhabited houses 630 rendered visible, by the removal of great quantities of
Number of families 69I rubbish. It seems to have been of a pentagonal shape,
Do. employed in agriculture 32 with a strong square entrance gateway. The keep, or
Do. employed in trade and manufactures 290 citadel, consisting of a circular tower, nearly entire,
"^'*s 1257 was placed at an angle. The deep ditches now form pic-
Females 1836 turesque ravines filled with fine trees. On a mount,
Population in 1811 3093 called Freeman's Hill, to the west of the church, are
Increase since 1801 213 traces of an encampment; and at the distance of about

See Malkin's Scenery, Antiquities, and Biography of two miles from the town, are the remains of Culo cas-
SoHlh Wales, vol. ii. chap. 26. p. 293. tie, a double fortress, with a square area and two round
HAVRE DE Grace is a seaport town of France, in towers. They stand on the edge of a deep wooded

the department of the Lower Seine. It is situated at dingle, and are covered with ivy. In the neighbour-
the mouth of the river Seine, in a marshy soil, inter- hood of the town, particularly near Buckden hill, there

Havre d«j£>
Grace, y

Hawarden
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is a manufactory of earthen ware. There is also a larfre

iron Ibunclery, from which articles of cast and wrought
iron are sent to Chester, and thence to iliflercnt pjirts

of tile kingdom. Hawarden Park, the scat of the
Glynne family, is near the town. The house, built in

1752, is a handsome structure.

The population of the town and parish, in 1811,
was

—

Number of inhabited houses . . . 832
Number of families 901
Ditto employed in agriculture . . . 398
Ditto in trade and manufactures . . 427
Total population in 18U .... 4436

See Pennant's Toitr in Wales, vol. ii. p. 88. 92 ; and
The Beauties of England and Wales, vol. xvii. p. dl-i—
683.
HAWICK, is a town of Scotland, in the county of

Roxburgh, situated at the confluence of the rivers Ti-

viot and Slitrig, on the west road between London and
Edinburgh. It is distant from Ed'nburgh 47 miles,

from Carlisle 44, and from Berwick 42. The river

Tiviot runs close by the town, and the Slitrig runs
through it, dividing it into two nearly equal parts,

which are connected together by two stone bridges, one
of which bears evident marks of antiquity. In August
1767, tile Slitrig suddenly rose to a great height, oc-

casioned by a cloud bursting at its source, and in its

course swept away fifteen dwelling-houses and a corn-

mill. Hawick is a burgh of barony of very ancient

origin. It is independent of the superior, and enjoys

almost all the privileges of a royal burgh, except that

of sending a representative to pai-liament. The date of

its original erection into a burgh of barony is not known,
the records of the burgh having been destroyetl, and
the town itself repeatedly burnt, during the Border
wars between the English and the Scots ; the last in-

stance of»which occurred in the reign of Queen Eliza-

beth, in the year 1 570, and is recorded by Stowe, in

his Chronicles of England, who sa3's—" The seaven-

teenth of April, the Earle of Sussex, lieutenant-gene-

rall in the North, with the Lord Hunsdon, lord gover-

nor of Barwike, and warden of the east marches, and
Master William Drewry, high marshal of Barwike,
with all the garrison and power of the same, began a

.journey into Scotland, and the same night came to

Warke, twelve miles from Barwike, and so the next

morrow entered into Tividale ; and, marching in war-

like order, they bret, (burnt) overthrew, rased, and
spoyled all the castels, towers, and villages of their

enimies, till they came to the eastell of Mosse, stand-

ing in a strog marish beloging to the L. of Buckcluch,

which likewise was rased, overthrowne, and brent,

and so marched forward, and brent the whole countrey

before them till they came to Crailing." After men-
tioning a great many other places which they burnt,

Stowe proceeds thus—" The nineteenth, the armie di-

vided into two partes, tlie one parte whereof passed

the river of Tivite, and brent the eastell of Ferniherst,

and all other castells and townes belonging to the Lord
of Ferniherst, Huntill, and Bedrell, and so passed to

Mint, where both the armyes mette agayne, and so brent

on botlie sides the river, till they came to a greale tomne

called Haviike, where they intended to have lodged ;

but the Scottes had unthatched the houses, and brent

the thatch in the streetes, and themselves fletlde with

most parte of theyr goodes ; but, by the industrie of

the Englishmen, the timber was also burned with the

thatch, saving one little house of stone of Drumlan-
ricke's, wherein my lord lay that nighte."

Drumlanricke's little house of stone is supposed to

be that which is now the Tower Inn, bi-longinpr to hu
Clrace the Duke of Uuocleuch, which h«» lon^ been w-
lebrated for the excellent acrommodntion utfordetl to
travellers. The walls of the oldest [wirt of this building
are, in some places, no leM thnn seven feet thick h
has been lately very considerably enlarjjed, and i< now
one of the most commodious inns in the s<iuth o<' Scot-
land. The oldest charter of the town now extant, i«

charter of confirmation granted by James Douglas d(
Drumlanrick, then baron of the barony of Haw irk, in

15.37, which declares the town to have been from of
old a free burgh of baronie, and proceeds on the nar-
rative, that " the charters and evidents of the said town
and burgh, through the inroads of the English and
thieves in the by past times of enmity and war, had
been lost and destroyed ;" and this charter imposes on
the grantees thereof the singular burden " of maintain-
ing one lamp or pot of burning oil before the great al-

tar of the parish church of Hawick, in time of high
mass, and evening prayers, on all holidays throughout
the year, in honour of our blessed Lord and .Saviour

Jesus Christ, for the souls of the barons of Hawick,
founders of the said lamp, and their successors." This
charter was confirmed by a royal charter, granted by
Queen Mary in 1545. The church is beautifully situa*

ted on a circular eminence in the middle of the town,

and the church-yard commands a fine prospect of the

surrounding country. The town is well paved and
lighted, and has a plentiful supply of excellent spring

water, which is conveyed to tlie town in leaden pipes.

It has a respectable town-house, in which the burgh
and justice of peace courts are held. A new line of
road is just now making to the town from the west,

which will form a fine approach, and already a very

handsome new street is begun to be built along the sides

of it. At the west end of the town there is an artificial

mound of earth, of a conical form, of considerable

height, called the Mole, which, according to tradition,

was formerly used for holding courts of justice. The
mail coach from London to Etlinburgh, by Carlisle,

passes through the town every day, and it is at present

( 1 8 1 6) in contemplation toestablish a mail coach between

this place and Berwick. The town is governed by two
bailies, who, with the advice of the town council, have

the sole management of the revenues and affairs of the

burgh. The bailies are chosen annually, by a poll of

the resident burgesses. The town council is composed
of 15 standing councillors, so called from their continu-

ing in office during life, who are elected by the bailies

and standing council : and of 14 trades councillors, or

quarter-masters, who are chosen annually, two by each

of the seven incorporated trades of the burgh. Its re-

venue, which consists chiefly of the rents of a large

common belonging to the burgh, is about £¥)0 per

annum. The jioor of the town and parish are support-

etl by a rate, one-third whereof is paid by the proprie-

tors within the burgh, and two-thirds by the heritors

and tenants of the landward part of the parish. Be-

sides the esUblished church, there are three places of

religious worship in the town, via. the Burgher, Anti-

burgher, and Relief meeting houses. There is an ex-

cellent public library in the town, which was begun in

1760. There was also lately established s subscription

library, by the tradesmen of the place, and tliere are

besides two or three circulating libraries^ A branch of

the British Linen Company 15ank has been long esta-

blished here, and a savings bank was instituted in Janu-

ary 1815, in wliich there was deposite<l, during the

first year, £'e>10, by 183 different individuals. In

1776, a farming dub was instituted in Hawick f«

HvhIa.
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"Hawick, tlic discussion of questions connected witli agricul-

'^""V"^ ture. It is composed of most of the respectable far-

mers, and several of the landed proprietors of the dis-

trict. This club holds its meetings regularly on the

first Thursday of every month. It is believed it was

the first association of the kind established in Scotland,

and it has the merit of having originated many very

important improvements connected with agriculture.

There is here a weekly market on the Thursday, and

four annual fairs, which fall on the l7th May, 17th Ju-

ly, !ilst September, and 8th November, besides a cattle

tryst at which considerable numbers of black cattle are

presented for sale in passing from Falkirk tryst to

Newcastle and Carlisle fairs. In 1811, the population

of the town amounted to 3036, and the town contain-

ed 349 inhabited houses. Since that time no census

has been taken, but the population and number of

houses during the last five years has very considerably

hicreased; and at present in 18l6, (including the po-

pulation ofDamside in the adjoining parish of Wilton,

which may be reckoned the suburbs of the town,) it is

estimated to exceed -1000. There are in the town three

skinneries, one tannery, and two breweries ; and a very
considerable trade is carried on in the manufacture of

carpets, lambs wool stockings, Scots blankets, thongs,

and gloves. The manufacture of lambs wool stockings,

in particular, from the introduction of machinery, has of

late years made very rapid progress, and is still on the in-

crease ; it was first begun in 1771. In 1791, there were
manufactured only 3505 pairs of lambs wool stockings,

and 594 pairs ofcotton, thread, and worsted hose. The
number of persons then employed in the trade was 14
men, and 51 women who were chiefly employed in spin-

ning the yarn. The yai-n, however, is now all spun
by machinery. There are at present employed for this

purpose 7 carding mills, which all go by water, con-
taining 44 engines, or scribbling and carding macliines,

100 spinning jennies, and upwards of 500 stocking
frames. The greatest part of the spinning jennies are
at present wrought by the hand ; but jennies of a new
construction, to go by water, have, within the last

twelve months, been introduced with success into four
of the carding mills. The quantity of wool annually
spun into yarn is upwards of 12,00'3 stones of 24 lbs.

to the stone, three fifths of which are manufactured in-
to stockings, and the other two fifths sold in yarn to
manufacturers in other parts of the country for the
purpose of being made into stockings. The quantity
of stockings annually made by the manufacturers in the
town exceeds 328,000 pairs. The number of persons
in the town and neighbourhood employed in the diffe-
i-ent branches of this manufacture is about 1000. This
place has been long celebrated for its extensive nurse-
ries, carried on by Archibald Dickson & Sons here, and
at Hassendeanburn in the vicinity, where they were
first begun in the year 1729. The nursery grounds in
the occupation of these gentlemen now extend to up-
wards of 100 acres, cropped with all sorts of foreign
and native forest and fruit trees, flowering shrubs, and
evergreens, &c. These nursery grounds are very orna-
mental to the place, extending along the side of the
turnpike road to the east and west of the town,
lor the distance of upwards of a mile and a half. In
the cropping and cleaning sea.son, they afllird employ-
ment for not fewer than 90 men, women, and children;
but at other i^easons men only are employed in themA very extensive business in the seed line is also car-
ried on by A. Dickson & Sons. The position of Ha-
wick, as estimated from Captain Colby's observations on
Wisphil), 18 North Lat. 55" 2G', and W«st Long. 2» 47'

HAWK. Sec Hawkis'g and Ornithology.
HAWKES' Temperaments ofthe musical scale. In

the years 1798, and 1805, Mr William Hawkes pub-
lished two pamphlets for recommending the adoption
of an irregular douzeave scale, wherein 9 of the Vth
viz. upon C, G, D, A, E, B, ^F ; and upon F and [jB

should each be flattened fth of a major comma, or be
of the value 355.7984272 i; + 7 f + 31 m ; two of Uie
Vths, viz. on ^.C and |jE perfect, or each =:358S-|-7f
-}-31m; and consequently, the resulting or wolf Vth,
on i^G, =365.8141552 S4.7 f+30m. Many particu-
lars concerning the notes and temperaments of which
system, may be seen in the Philosophical Magazine, vol.

xxvi. p. 173 ; xxviii. p. 304; xxx. p. 5 ; xx.vvi. p. 47;
and vol. xxxvii. p. 129, in which last page the beats of
each of its G8 tempered concords are calculated, by Mr
John Bai-raud, brother to the chronometer maker.

In I8O7, Mr Hawkes contrived, and in 1808 took
out a patent for his methods of extending the scale ot
organs and piano-fortes to 17 notes in the octave, (see
the Phil. Mag. vol. xxxvii. p. 325) ; and in 1810, he
published a third musical pamplilet, in which his ob-
ject (as afterwards explained by letter to Mr Farey, see
Phil. Mag. vol. xxxvii. p. 321.) was to recommend for

the tuning of this his patent instrument, a regular dix-
septave system, in which 16 ofthe fii'ths, viz. on C, G,
D, A, E, B ; ^F, S^C, ;^G, and ,X<D ; and on F, [jB, [jE,

bA, t)D, and [pG, should be each flattened the l-3ISth
part of the octave, (or ith of Mercator's comma), or
each ofthe value 35fci.068514S-{-.7f+31m, and the re-

sulting or wolffifih ^A to F, is of course =:3G7.246346
2

-f- 7f-i- 30m. The beats ofeacli ofthe 102 concords
in this system, have been calculated by the Rev. C. .1.

Smyth of Norwich, and published in the Phil. Mag. vol.

xxxvii. p. 323, to which table we shall refer instead of
copying it ; because from Mr Listen's Essay on Perfect

Jiitonation, p. 23. and 142. it appears, that aL" Hawkes
has since (by letter to Mr Liston we have been inform-

ed) changed his former opinion, and now recommends
the Vths for his patent instruments, to be flattened ^
of a major comma, in which terms Mr Liston has gi-

ven its temperaments in p. 22. It may be proper,

Iiowever, to add, that, in this new system, each of the
16 fifths above mentioned, will be =356.1053562-f-7f

-f 31m, and the wolf fifth on ^A =366.1810842+
7f+30m.
Mr Hawkes' patent piano-fortes are furnished with

24 strings in each octave, although 17 only are of diC
ferent sounds, that is, all the long keys have two uni-

son strings, from one to the other of which tlie ham-
mers shift, at the same time that they do so from the 5
short-key notes tuned ^a^j, to the five others tuned
sharps, or vice versa ; it seems, however to us, that 7
of these strings might probably be dispensed with, by
allowing rather more space on each side the long-key
strings A, B, C, D, E, F, and G, and making their

hammers rather wider, so that after the shifting side-

wise of the key-board necessary to cause the short-

key hammers to move from i^A, -^.C, '}^T), jJF, and
ij^G, to t)B, tjD, [;E, \)G, and [jA respectively, or vice

versa, the hammers of the long-keys may still conti-

nue to strike the same strings.

The objections which were so forcibly urged in Dr
Kemj/s Musical Magazine against the defect of these

instruments, in not being able to gxvt Jlat and sharp

notes at the same time, or quickly succeeding eacli

other, as composers not unfrequently direct, seem to

operate fatally against their introduction to general
use. We have lately heaid, that the organ wliich Mr
Hawkes caused to be put up, a few years ago, in Christ
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Church, niackfriars Roail, in Surrey, has been either

removed or altered to a common orfjan. We are aware,
however, that this may have arisen from injudicious at-

tempts at tuning tliis organ, according to one or other
of the systems that we have mentioned in this article,

instead of applying the Mean Tone Susirm, which
alone, or one exceedingly near to it, (in the perfection

of its major third), seems applicable to this noble in«

strument. (»)

HAWKING, or Falconry, is the art of catching
wild fowls by means of hawks, or other birds of prey,

tame<l, and properly tutored for that purpose.

The art of falconry appears to have been known
both to the Greeks and Romans. It was in high re-

pute in almoat every part of Europe during the 12th
century, but after the invention of fire arms, it gra-
dually declined.

Mr Pennant has not been able to find any accounts
of the art of falconry in England before tlic year 760,
in the reign of King Ethelbert, who sent to Germany
-for a brace of falcons that would fly at cranes. The
art was much practised till the Usurpation, when it fell

into disuse.

The birds which are generally trained to this art, are

the jer-falcon, the peregrine, and the goshawk. By
starving them, and keeping them awake, and never
leaving them alone, they are rendered quite tame ; and,

by a regular system of severe instruction, they become
80 familiarized to the falconer, that they obey all his

commands. They are taught to settle on Jiis fist, to

Spring at game, and to bring back the prey to the fal-

coner. For an account and other particulars of the

history of falconry, see Beckmann's History of Inven-

tions, vol. i. ; and Shaw's General Zoology, vol. vii.

part i. See also Ornithology.
HAYMAKING. See Aoricultork, vol. i. chap,

jx. sect. ii.

HAYDN,Joseph,themost celebrated composerofmu-
sic among the moderns, was the son of a wheel-wright,

and born in 1732 at Rohrau in Austria, 36 miles from
Vienna towards the Hungarian frontier. His father,

though ignorant of the principles of music, which are

much more generally disseminated among the lower

ranks of Germany tlian in Britain, played a little on the

harp, which was accompanied by the voices of himself

and his wife. Joseph having been conducted, at a very

early age, by a relation to Haimbourg, was instructed

in the elementary parts of education ; and a chapel-mas-

ter of Vienna, having accidentally heard his voice, took

him, when only eight years old, to replace one of the

boys in his choir. Here he remained apparently ex-

posed to severe discipline ; and as his voice was con-

stantly improving, the chapel-master became anxious

to preserve it. He explained the means of doing so to

Haydn, now a youth of about fifteen, who thought

of nothing but music ; and having gained his

ready assent, the day and hour were fixed. But the

ftccidental arrival of liis father in Vienna, prevented

their purpose from being effected. His voice soon broke,

and Reuter, the chapel-master, ashamed of the re-

Jjroaches which he had incurred, and exasperated at

the disappointment, found a pretence for discharging

him from the choir on a winter's night, which, from ab-

solute poverty, he was obliged to pass in the street.

Next morning being observed by Spangler, a poor but

friendly musician, he obtained a lodging from him in

a hay-lof\, adjacent to a single apartment which his

Own family occupied, and also a share of their frugal

subsistence.

Here Haydn followed the bent of liis early propen-

sities, in prarti«ing on n wretche<l ipincttv ; but it ta
said, that after some time had riapwl, n liidy of rank,
wIm had seen one of his cimtpooitimiH, ik-nired t» kiteir
the author. Hny! '

; " < iwbM
hiirt to obtain suili ,re her*
and she had some (lilliciilt) iii Ijclaviiig Uuit ftc WMth«
individual for whom she M)u<;ht. He wju cowptlhid
to account for his necessities, by r

'

iti u delicatt
tertns a» possible, his adventure .ter; and, in
testimony of her esteem, she preMnt«d him with the
works of Matheson, Bach, and other celebrated comp*.
sers. According to some writers, his patroncM wa* a
niece of Metastasio the dramatic author, the real own-
er of the hay-lofl ; and they ad<l, tliat he continued to

instruct her in music and singing during three year*.

Haydn now earned a scanty subsistence by the ex-
ercise of his talents. He was organist to an eccie*i«»-

tical establishment, with a salary of i.' 1 2 yearly. He
had occasional employment elsewhere in the uime ca-

pacity, and he sung, and played on the violin. At about
the age of 18, he composed a quartett for liaron Fum-
berg, and afterwards some trios, which were surrepti.

tiously printed. In the year I7.'>9i his patroness ob-
tained for him the ap])ointment of music m.nster to

Count Marzin, with an annual salary of £2j ; and here
he composed the first of those symphonies which h.ive

gained him so much celebrity. There apjK-ars to be
some ambiguity respecting the chronologj' of Haydn's
compositions. His Opera Prima consists of six quar-

tetts, wherein all the rudiments of bis fine genius are

sufficiently developed ; but it is reported, that the firrt

time his name appears is to trios and harpsichord sona-

tas, in a German catalogue of 1 163.

In the year 1760, Haydn was appointed sub-chapel

master to a German potentate, the prince of Esterhaay,

who was himself a skilful musician ; and on the death

of Werner, who was the principal, and from whoae
disposition and abilities he derived much advantage, he
was promoted to fill his place. In this new situation,

he had an ample opportunity, and sufficient encoarage-

ment, to pursue his talent for composition in its utmost
latitude. Works of various descriptions flowed from
his pen in rapid succession ; and the particular taste of

his patron led to the composition of those which no
preceding musician had attempted. He overstepped

all the limits which had fettered others ; and, in adopt-

ing a new and peculiar, though unaffected style, he
taught the public the variety of which music is suscep-

tible. Yet this was not accomplished without exciting

the jealousy of his cotemporaries. It has been affirm-

ed, that he silenced his adversaries by publishing com-
positions wherein their own style was introduced, to

betray its inferiority. In order to gratify the prince,

he composed music with uncommon distributions of

the parts or the performers ; such as the Echo, which

consists of a double trio for two violins and a violon-

cello, each set of performers being in a different cham-

ber, but within their mutual view. Profiting by

this singularity of taste, he composetl another piece,

called the Adieu, on occasion either of a quarrel in the

orchestra, which induce<l all the band to give in their

resignation, or, what is less probable, because the prince

treated some of Haydn's wannest exertions with mark>

ed neglect. This was a symphony ingeniously devised,

so that one instrument should regularly close af\er an-

other ; and as the music gradually terminated, each

performer saw written before him, " Put out your can-

dle, and go about your business." All obeyetl in suc-

cession, and a solitary inslrnment finishe<l the whole.

Haydn's time was principally occupied in muiical

llafftk
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Hajrdn. composition; he generally dwelt with the prince of

""Y""^ Esterhazy, at Eisenstadt in Hungary, and accompa-

nied him during two or three months of the year,

which were spent at Vienna. Here he became ac-

quainted with the Chevalier Christopher Gluck, an

eminent composer for the opera, Mozart and others.

The former advised him to travel in France and Italy,

from whicli he predicted the greatest advantage in dra-

matic compositions; but the moderate finances ofHaydn
seem to have deterred him from following his coun-

sel. His fame, however, had extended far beyond the

.sphere of his residence ; and he was employed to com-

pose an instrumental oratorio on the seven last sentences

of our Saviour, for some religious ceremony, in a cathe-

dral at Cadiz, which was hung with black, while a sin-

gle lamp glimmered over the audience. Twelve years

later, Haydn, without changing any of the instrumen-

tal parts, had words adapted to it. Many of his com-

positions are quite unknown in Britain, particularly

a multitude of pieces for the bariton, a kind of small

violoncello, with five strings above the bridge, and

others behind the hand, to be touched by the thumb,

played on by the Prince of Esterhazy, and to which the

inhabitants of this country are strangers.

By the advice of Baron Van Svvieten, Haydn visit-

ed London ; and his residence there may be regarded

as one of the most fortunate periods of his life. His
great and steady patron the prince of Esterhazy had
died in the same year, 1790 ; and while he left him his

usual salary, he also dispensed with his discharging the

duties of the situation. He seems indeed to have held

him in great estimation ; for when Haydn's house at

Eisenstadt was burned down during his absence at

Vienna, the prince directed another to be built, having
exactly the same size, appearance, and accommodation.

In London Haydn exjierienced the most gratifying

reception ; he remained there eighteen montlis, and re-

turned to the continent in the year 1 79 !•• He now be-

gan to be treated with those honourable distinctions due
to his transcendant genius. He was created Doctor of
music by the University of Oxford, and other lite-

rary and musical associations soon followed the ex-
ample. At this time a concert on a liberal and ex-
pensive plan was established by Salomon, the late

leader of the opera, where all the first performers were
engaged ; and each performance was announced to

commence with an overture, expressly composed for

it by Haydn. Twelve symphonies, which stand un-
rivalled, were thus produced ; and, as is well known,
these were afterwards ingeniously reduced to quintetts
by Salomon. Some of them, or the wliole, have since
been adapted as trios for the piano-forte, violin, and vio-

loncello. Haydn also composed and published several
other works while in London ; several of which are
dedicated to the amateurs of this island : and a still

more essential result was, the universal diffusion of a
taste for his music.

During his absence from Germany, a tablet, or obe-
lisk, had been erected in honour of him at Rohrau, the
place of his nativity, by Count Harrach ; and on re-
turning to the continent, he composed the oratorio of
the Crealion, in 1795, which is esteemed among the
finest and most elaborate of his works. But his other
compositions of the same kind, the Seasons, Stabat
Mater, The Last fVords of Christ, and The Return of
Tobit, have not been all equally successful; partly,
it is supposed, from the want of coincidence between
the music and the words. The last, however, which
was written in 1775, is performed annually at Berlin,
for the benefit of the widows of musicians.

1

While Haydn approached that period of life when
the faculties usually decline, he was loaded with ho-
nours, and his vigorous invention continued to be un-
impaired. He received honorary degrees from the
academies of Stockholm and Amsterdam in 1798 and
1801 ; and in the following year, on a vacancy occur-
ring in the National Institute of France, he was elected

a member, at which time our countryman Mr Sheridan
was one of the candidates. He was also chosen a
member of the Phil-Harmonic Societies of Laybach
and St Petersburgh, and of the Children of Apollo at

Paris, in 1805, 1807, 1808. Nay, the last struck a me-
dal, bearing his portrait, and invited him to the capital,

with an offer of a sufficient sura to defray his expences.
But this was not all ; for Prince Kurakin, the Austrian
ambassador at Vienna, presented him with a letter from
the Phil-Harmonic Society of Petersburgh, full of gra-
titude and admiration of his works, and accompanied
by a large gold medal, weighing above half a pound,
struck in honour of him, and bearing his portrait, with
the most flattering legend. He is also said to be the
hero of a Spanish Poem on music.

But Haydn was now little more than sensible of the
distinctions he received. He bent under the weight of
yeai's, and ceased entirely to compose about 1803. It

was not without regret, however, that he witnessed his

own decay. He feelingly deplores it in a vocal quar-
tett, beginning, " My strength is enfeebled, death awaits
at my gate." Indeed he was so much weakened, that

it became necessary to construct a piano for him, re-

markably light and easy in the touch. We have even
heard those who knew him well declare, that he re-

lapsed into a second childhood.

Haydn dwelt constantly at Vienna, and confined

himself to his house and garden after the year 1 806.

The seventy-third anniversary of his birth had been
celebrated by a concert in one of the theatres, conduct-

ed by the son of Mozart; and, in 1808, a great musi-
cal association of that city resolved to close the perform-
ances of the season with the Creation. Haydn, though
withdrawn from the world, consented to be present.

He was received by the Princess Esterhazy, and others

of distinguished rank, in the hall of performance, and
carried, amidst the sound of trumpets and loud accla-

mations, to a particular part of the gallery which was
appropriated for him. He was overwhelmed by this

mark of approbation ; and upon retiring, which he did

very early, signified that he felt it was for ever. This

great composer expired on the 31st May 1808.

Haydn's personal appearance betrayed no indications

of genius. His stature was large, and his features

coarse. But he was mild and complacent in manners

;

modest and unassuming, and universally beloved in

private life. He was never tainted by jealousy, and,

unlike those who proclaim their own merits by under-

valuing the works of others, he was always ready to

approve where approbation was due. Handel's cho-

russes he thought sublime, though his music might be

defective in melody. He entertained the highest opi-

nion of Mozart, declaring his death a public calamity

:

and when invited to be present along with him at the

coronation of the Emperor Leopold at Prague, he ob-

served, " Where Mozart is present, Haydn ought not

to appear." Haydn indeed was too reserved. That

innate modesty, and his moderate finances perhaps, pre-

vented him from attaining some distinguished situation

in his own country, which his talents merited. The
Emperor Joseph is justly reproached with neglecting

to place the first musician at the head of his orchestra;

but probably it is there, as it is in many other countrieSj

Hay.!
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H»5'^n. that men ofreal genius are superseded by those who have
'""i^™' none. He enjoyed a competency in iiia later years, but

his total fortune did not exceed £'250 at tlic period of
his first visit to Britain. He was married many year*,

but not happily : iuid he had lonj; been separated from
his wife. Two brothers, Michael and John, survived

him. The former, who had considerable merit as a
composer, died master of the band to the court of Salz-

boui-g ; the latter died in the service of tiie I'rince of
Esterhazy.

Ha3-dn's compositions exist in the most astonishing

variety. Tliey are calculated to amount to 8+2, inclu-

tling those of every description : and the following is

said to be an abstract of a catalogue furnished by him-
self in the year 1805. Symphonies, 118; various pieces

for the baritons, 163; instrumental pieces of from five

to nine parts, 20 ; marches, 3 ; trios for two violins and
a bass, 21, and 3 for two flutes and a violoncello; 6 so-

los for violin with tenor accompaniments ; 3 concertos

for violin and violoncello : 1 for the double bass ; 2 for

horns ; 2 for the trumpet ; 1 for the flute ; 1 for the

organ ; and 3 for the harpsichord ; 66 sonatas for tlie

piano forte, and 83 quartetts. Another unfinished quar-
tett was found at his death, to which some portion that

was wanting has been supplied ; and it was performed at

a grand concert in commemoration of him at Berlin in

October 1 809. This assembly was openetl by an eloquent

eulogium on his merits. He also produced 34 composi-
tions of church-music; 5 oratorios; Ip or 20 operas;

1 3 airs in three or four parts ; 42 simple songs and
duetts ; 40 canons. Besides these, he wrote preludes

and basses for 365 Scotch airs ; and composed above

400 minuets, dances, and waltzes. At his death there

were found 4-6 unpublished canons, framed to ornament
his apartment ; not being rich enough, he said, to pur-

chase pictures, he had himself maele tapestry to cover

the walls.

Amidst such an infinity of works, the whole of which
have probably never been heard by any one indivi-

dual, it is difficult to determine where the preference

is due. But the fertility of imagination is conspicuous

throughout, and Haydn's compositions are ever new.

Perhaps he has been less successful in the vocal than

the instrumental departments. None has ever equalled

his distribution of music in the orchestra, or called

forth the single and combined powers of instruments

in an equal degree. Here he has excelled all his pre-

decessors, his cotemporaries, and successors ; and those

pieces which he has written for a full band stand un-

rivalled, whether we attend to tlie imity of design, the

relation of parts, or that sudden burst of grandeur

which amazes the auditor. Next to the symphonies,

Haydn's quartetts seem to be most admired ; they are

written with apparent simplicity, but almost all of

them present considerable embarrassment, unless to

skilful })erformers. This composer is one of the few

who presents perpetual novelty, who never imitates

himself, and who adapts, intimately and exactly tlie

music to those instruments for which it is designed.

None of his music is tedious or languid, unlike some
modem compositions, whose authors, ignorant that

they are producing nothing more than preludes or vo-

luntaries, suppose they have taken up an inexhaustible

theme. His minuets and trios are perhaps devised

with more ingenuity, and more calculated to please

than any that have appeared, and he is particularly suc-

cessful in variations on an air, and in modulations. Yet
it is vain to affirm that equality pervades his works

;

and it will not appear surprising if inferiority be some-

times discovered in such a multitude. VVe should re-

mark, as a very extraordinary fact, that the lapse of

VOL. X, TAKT II.

years had fio effect in diminiihinfr the qoalftr efhii
compositions. The first quartett of the fir*t open, and
his last which he wrote, are excellent, thoujih tlMf* tw
some difference in their rtyle. Haydn vnttnrad far.
and was succeuful ; many have rndcavotmd to fbllow
the same course with doubtful appr^

'

r Iiuf
had Mozart not been prematurely cut ifj
approached to him in excellence ; but as yi t 1 1 j^ dii i*
entitled to be designed the first of modern mattcrsi. (c)
HAYLING, Isi,E or. See HAMPsninE.
HEAD. See Anatomy, vol. i. p. 776.
HEALTH. See Aliments ami Lonoeyitv.
HEARING. See Anatomy, vol. i. p. 7S7.
HEART. See Anatomy, vol. i. p. 807. and Tol.

ii. p. 28 ; and Phvsioi.ooy.
HEADLEY, the Rev. HENnv, an English poet and

critic, whose highly promising talents wpre unfortu.
nately lost to the world at the early age of '23, was the
son of a clergyman in Norfolk, and was bom at IrsteatI
in that county in ] 766. He was educated at the gram-
mar school of Norwich under Dr Parr, and was admit-
ted a commoner, and elected a scholar of Trinity Col-
lege, Oxford. At the university, the hving example of
Thomas VVarton, then the Senior Fellow of Trinity
College, seems to have communicated to Headley an en-
thusiasm for the elder school of English poetry. While
combining this pursuit with his classical studies, he
published his Poems and other Pieces in the year 17S6

;

and, in the following year, at the age of 22, he pub-
lished Select Heautiesof Ancient I'nglish Poets, with Re-
marks. In his poems, though marked byeleganceand sen-
sibility, tliere was no promise of transcendant genius

;

but his Remarks on the elder Poets, displayed an ex-
tent of reading, a comprehensiveness of views, and a
perspicuity of taste, which were justly regarde<l with
wonder in so young a writer. He cannot, indeed, be
said to be wholly free from partiality and exaggeration,
in estimating the elder writc'rs, whose beauties he com-
plains of being neglected ; but still as a critic, he de-
serves to be remembered in English literature. Mrs
Cooper, in her neat Biographies and Selections, led the
way in preserving the memory ofour early poets ; War-
ton contributed immense industry in illustrating our
literar): history; Percy restored to us our ballad poetry;

but in die selections and criticisms of Headley, there is

a classical taste and condensation ofmaterials, more ele-

gant than what we meet with in any of his fellow la-

bourers in the same pursuit. His critiques are like the

portraits of a master, flattered indeed, but tlone with
general truth and great animation. His life was too

short to have many events. Some months after leaving

Oxford, he married, and retired to Matlock in Derby,
shire, in a spot where the wild scenery accorded with

his romantic turn of mind. But the symptoms of a
consumptive tendency, which had before appeared in

his delicate frame mid constitution, began now to make
rapid advances ; and being wametl to try the benefit of

a warmer climate, he had the resolution to take a voy-

age to Lisbon, unaccompanied by any one he knew.
On landing at Lisbon, far from feeling any relief from

the climate, he found himself oppre.-sed by its heat. A
few days would have probably terminated his life, when
a Mr De Visme, to whom he had received a letter of

introduction from tlic late Mr Windham, invitetl him
to his healUiful villa, near Cintra, allotted spacious

apartments for his use, procured for him an able phy-

sician, amused him with his elegant books, and gave liim

every chance of benefiting from the change o^ climata.

But his malady was incurable; and having returned to

Norwidi in the month of August, he expired there, to

Nov. 1788, in the 23d year of his age. (»)

4p
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HEAT.
Heat.

Introducto-

ry observa-

tions.

Term heut

employed
both for

cause and

effect.

How cm-
ployed in

this article

Importance

of the sub-

ject.

Flan of the

article.

ItIeat is a tenn which was originally employed to ex-

press the effects produced by a peculiar condition of bo-

dies, when they communicated the sensation of warmth.
It was also perceived that hot bodies, or those that had
the power of communicating warmth, possessed other

properties, such as that of expanding the substances to

which the warmth was imparted, of converting certain

solids into liquids, and certain liquids into the state of

vapour, and many other operations of great importance

in the system of nature. Philosophers soon began to

speculate upon the cause of these phenomena, and, with

a degree of inaccuracy, to which we are liable in the in-

fancy of our scientific pursuits, they employed the same
word to signify both the cause, and the effect produced. It

was commonly said, that /leat occasioned the warmth and
expansion of bodies, and likewise that heat was excited

in bodies by the addition of some peculiar kind of mat-
ter, or by a certain modification of their particles. The
more precise nomenclature of the moderns has tended
to correct this error, and has led to the invention of a
new term, caloric, to designate the cause, while the

word heat is, strictly speaking, only applicable to

the effect. As, however, in all the older authors the

former phraseology necessarily exists, as it is still adopt-
ed in popular language, and as there is no danger of
falling into any error, since the distinction has been so

full)' pointed out, the word heat is frequently employed
in its double sense, even by the latest and most correct

writers, and it will be used in this way in the following

article.

We have already given some account of the nature
and effects of caloric under the head of Chemistry;
but it is an agent of such extensive importance in the

operations of nature,—it produces such powerful effects

both upon organized and unorganized matter,—it is so
intimately connected with the existence of life, both
animal and vegetable,—and is so essential to all the
processes by which we act upon the bodies around us,

when we convert them to our support or utilityJ—that
it well deserves to be farther discussed, and made the
subject of a separate article. The importance of the ob-
ject has produced a consequent share of attention to it

from the modern experimentalists ; and there is per-
haps no one topic on which more curious, and, we may
add, more unexpected results have been obtained, than
have ensued from the researches into caloric. The
names of Black, Crawford, Rumford, Pictet, Gay-Lus-
sac, Prevost, Dalton, and Leslie, among many others
which will be afterwards referred to, mtist suggest the
recollection of the many ingenious and elaborate trains
of experiments, that have occupied the attention of phi-
losophers, during the last 50 years. It will be to an ac-
count of what has been done in this period that we shall
principally confine ourselves in the following pages

;

for the experiments and hypotheses that were publish-
ed before this time, are rather to be regarded as curious
historical records of opinions, than as affording much
that is important in the actual advancement of know-
ledge.

We shall arrange our observations on heat under four
heads: Ut, The properties of heat; 2d, Tlie effects of
heat; 3d, The sources of heat ; and, ilh, The nature of
heat. In the course of the article, we shall take an op-
portunity of tracing the gradual developement of the
leading opinions that have successively prevailed on

these topics, as well as the most important experiments p ,__m^
by which they have been supported. of H«^

SECT. r.

'^

On the Properties of Heat.

It might, at first view, appear more regular to begin
by investigating the nature of heat, before we described

its properties and effects; but it is so difficult to ascer-

tain its nature, and the knowledge which we possess,

or rather the conjectures which we form concerning it,

are so entirely derived from the observations that we
are able to make of its properties and effects, that the

order of treating the subject which we have adopted,

will be found, we apprehend, the most convenient. For
the present, we may consider heat, or caloric, to be a

principle or power existing in bodies, which gives rise

to many of their most important actions, and modifies

their effects upon other substances.

The proTJer/fw of caloric are of three kinds: Those Arrange-

that are strictly mechanical, or such as may be con- ment of thi

ceived analogous to the laws of gravitation or impulse ;
propcrueio!

chemical, or those that tend directly to effect a chemi-
'***

cal change in bodies ; and a third class, which may be
regarded as specific, and which do not bear an exact

resemblance to either of the two former.

Among the mechanical properties of caloric are its i_ Mechani
radiation, reflection, and refraction, which bear a very cal profwr.

near resemblance to the same affections of light. Some tics,

obscure intimation of the radiation of heat may be Radiation,

met with in the authors of the latter part of the l7th

and lieginning of the 18th centuries, but the subject

was not much attended to utitil the time of Scheele. Scheele's

This distinguished philosopher, in his investigation of experimenl

the nature of fire, performed some new and decisive ex- on radiant

periments, which completely established the existence '"*'•

of this property, and shewed how it differed from the

power which hot bodies possess of communicating
warmtii by contact. He found, that when glass is

interposed between the face and a quantity of burn-

ing fuel, although the light passes through without

interruption, the heat, at least for a certain space

of time, is entirely stopped. Heat, he observed, ra-

diates through air, without communicating any warmth
to it, and its passage does not appear to be interrupted

by any currents in the atmosphere. He found, that a

transparent mirror, which concentrates the rays of light,

does not produce any increase of temperature in the fo-

cus, until it has absorbed a sufficient portion of lieat,

but it then becomes a radiating bod}', and emits heat in

certain directions. The conclusion which may be de-

duced from Scheele's experiments is, that caloric is sent

off in rays from all hot bodies, and moves through the

air with great velocity, but that in this transmission, it

does not necessarily communicate warmth to it, and is

not diverted from the straight course by any currents
^

or motion of the air itself: {On Fire, p. 70, et seq.) His Onthetep**

experiments also tended considerably to elucidate ano- ration of |l

ther point respecting heat, which had been the subject jl''?*
""''

of much controversy, whether it was not identical with '^

light, or only differing from it in consequence of some
slight modification of its properties. Heat and light

are so frequently observed in connection with each

other, emanating from the same sources, and produced,

as it would appear, by the same agents, that the opi-
j
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nion oftheir identity was generally adopte<1, at the com-
mencement of the last century. Some diatinf^uiahed

experimentalists had indeed embraced the contrary doc-
trine, and some facts were brought forwards in its sup-

port Instances perpetually occurred, of high degrees
of heat being j)roduced, which were not accompanied by
light ; and, on the other hand, it was found, that there

were some luminous bodies which were not hot, and
especially, that the moon's rays might be concentrated

by a lens, or mirror, so as to pro<luce a very brilliant

light, yet that no sensation of heat was excited. These,
however, and some other analogous facts, were not

deemed sufficiently conclusive to establish the point.

Some authors regarded heat and light as the same sub-

stance in different states ; while those, who did not ad-
mit their materiality, conceived that they depende<l up-
on the same affection of matter, but differing in its de-

gree or intensity. Scheele's experiments seemed to

prove, that heat and light, when closely united toge-

ther, as in the rays of the sun, or of a burning body,
may be completely separated, so that the specific effects

of each may be obtained distinct from the other. We
have already referred to his observation of the manner
in which a sheet of glass permits the light to pass

through it, while it intercepts the transmission of tlie

heat ; and he also found, that if rays composed bi)th of

heat and light, as they were sent off in combustion, be
received upon a glass mirror, the heat is absorbed,

while the light alone is reflected.

The distinct nature of light and heat is rendered still

more probable, by some late experiments of Dr Her-
schcl's, in which he separated them from the state of

combination in which they exist in the sun's rays. He
was led to observe, that the differently coloured rays

possess different powers of producing heat ; the least

refrangible rays, those which excite the sensation of

red, possess the greatest heating power ; and the power
diminishes, until we arrive at the violet, or most re-

frangible rays, which excite the least heat, the inter-

mediate colours possessing an intermediate power in

this respect. But he not only discovered that the rays

of heat and of light were thus very differently affected

by the prism ; he farther found, that the effect upon
the thermometer was most considerable in a point be-

yond the red-making rays, entirely out of the limits of

the spectrum, and, of course, in a spot on which no
part of the luminous ray was received. Beyond this

point, where the temperature was at its maximum, the

heat gradually diminished, until it was no longer per-

ceptible : {Phil. Trans. J 806, p. 286. et seq.) From
these experiments, the results of which were verified

by Sir H. Englefield, who employed an apparatus of

rather a different kind, we learn, not only tlwt heat is

emitted in rays from the sun, but that solar heat may
be obtained separate from light ; and although, like

light, it is possessed of the power of being refracted,

yet it possesses this power in a different degree. In Sir

H. Englefield's experiments, where the blue rays raised

the thermometer to 56", the green to 58°, the yellow

to 62*, and the red to 72°, the space beyond the pris-

matic spectrum elevated it to 79°, and it sunk to 72°

when returned into the retl rays : {Joiirn. of Royal

Jmt. i. p. 203. ) Similar results were obtained by M. Be-

rard ; but he observed, that the maximum of hoat was

at the very extremity of the red rays, when the bulb of

the thermometer was completely covered with them ;

and that beyond the red extremity, where Herschel

found the heat to be a maximum, it was only l-5th above

that of the ambient air. See Appendix to this article.

The radiation uf heat was exhibited in a still more

667
decisive manner by Pict«t, wlui iMiiu t* have under-
taken his experiments on the lubject at the •uggMtion
of SauK.Hure. Thin distingui^theJ natumlitt wmM to
form iome apcculiitinns roncertiing caloric, from ctTtoin
atmospherical phenomena which he noticed, Ammt( hk
travels among the Alps, where he con<' • the
communication of hcnt could not be b<' I by
the contact of the heated Ixxly. He refern t.. hk expe-
riment of Mariotte'g, which was publishe<l in \hf Mr.
moirs of the Academy of Science* for the ypin

which he states, that " the warmth of a firt

by a burning mirror is sensible at its focus." I i u , i .. r t

also informs us, in his Vyromctrit, that he |.ii,..| ,i

burning body in the focus of a concave mirror, and
that he was able, by means of it, to inflame another
body, placed in the focus of an opposite mirror, at the
distance of al>ove 20 feet. In this experiment, Lam-
bert distinctly marks the difference between what he
calls " luminous heat" and " obscure heat," and attri-

butes the effect to the latter principle, i. f, to heat pro-
perly so called, in opposition to light.

Saussure repeated the exj)eriraent in conjunction with
Pictct; and, m order to prevent the interference of
the action of light, they employed a ball of iron, heat-

ed to a degree short of what would render it luminous
in the dark. They used tin mirrors, that were placed
more than 12 feet from each other : and, when the iron

ball was put into one focus, they suspended a thermo*
meter in the other, and observed the instrument to be
very perceptibly affected, more than another thermo-

meter, equally near the ball, but out of the focus. The
former was raised from 4'° to 14^° of Reaumur; the

latter from 4° to 6^° only : ( Voyages dans lies Alpes,

§ 926.) The result of this experiment is ea.<ily expli-

cable, upon the supposition that heat, whatever be its

nature, radiates in straight lines; that it impinges against

solids that are opposed to its course ; and that, accent-

ing to circumstances, it either raises the temperature

of this body, by being united to it, or is reflected from
its surface. The heated ball, in this case, emittetl rays

of heat in every direction : those that were contiguous

to the mirror fell upon it ; but, owing to its polished

surface, were reflected in straight lines to the other mir-

ror, and were again reflected from this, according to

the laws of mechanical impulse, into the focus in which

the thermometer was suspended. This thermometer

received the effect, both of the rays that were sent off by
the iron ball, on the side contiguous to it, and of those

which were on the contrary side of the ball, next to the

mirror ; whereas the thermometer not in the focus, on-

ly received heat from the side of the ball opposetl to it.

Pictet's apparatus is shewn in Plate CCLXXXVIII.
Fig. 9. See Description of Plates.

M. Pictet still further prosecuted these experiments,

and varied them in different ways, so as to repel the

objections that might be urged against the conclusions

which he derived trom them. In order to separate the

light from the heat, and to shew the distinct operations

of each, he placed a lighted candle in one of the foci,

and noticed its effects u|)on a thermometer placed in

the other focus. He then interposed a plate of glass

between the candle and the thermometer ; and he found,

OS he had expected, that although the light passed as

before, a considerable portion of the heat was inter-

cepted in its passage from one mirror to the other ; in

this way conhrming the results that had been formerly

obtained by Scheele. But, in order to remove more

effectually all suspicion that the effect in thi^ case de-

pended upon the rays of light, he placed a stiiall flask

of boiling water in the focus, from which we may
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Properties be confident that no Hght could be emitted : and this

»f Heat, he found to radiate heat, and to raise the thermometer
^""Y""^ very perceptibly. The experiments of Pictet may

therefore be considered as completely establishing the

point, that heat is sent off in right lines from bodies,

where light cannot be supposed to be present. He also

rendered the radiating power of caloric still more ob-

vious, by shewing, that when rays of heat impinge
against a body, if it have a polished surface, they are

reflected from it ; but, if the surface be such as not to

admit of reflection, they enter into it, and raise its

temperature. In pursuance of this idea, he found,

that when the bulb of the thermometer which he em-
ployed was blackened, it rose more rapidly, or absorb-

ed more heat, than when its surface was clean and
bright ; thus proving, that the heat from boiling water
was, in this respect, similar to the heat in the sun's

rays, or that emitted during combustion : (Essaj^ oh
Fire, § 51, et seq.) We have already referred to the
experiments of Dr Herschel, in which he analysed the
sun's rays, and separated the part which produces heat,

from that which excites the sensation of colour. These
experiments proved, in a verj- decisive manner, the ra-

diating power of the calorific part of the solar beam ;

and he afterwards made experiments of a similar kind,
upon different species of heat, extricated from bo-
dies on the surface of the earth, such as burning fuel

and red hot iron. Phil. Trans. 1800, p. 31 6.

-Rumford's
_
An interesting train of experiments, on the manner

experitnenu in which heat radiates, or escapes from the surfaces of
on radiation, bodies, was performed by Riunford, in which he shew-

ed, with his usual address and dexterity, the different
effects which are produced by a difference in the nature
of the radiating surface: {P/iil. Trans. 180+, p. 89 et

seq.) By a singular coincidence, nearly about the same
time that this essay was published in the JVi/7. Trans.
a still more complete view of the subject was taken by
Professor Leslie. They both supported their peculiar opi-
nions by a number of well contrived and well execut-
ed experiments, which led to many curious and unex-
pected results, and which have, in some measure, al-

tered our previous notions respecting the nature of
heat, or at least respecting some of its most remark-
able properties. It had been before known, that the na-
ture of the surface of a body materially affects its power
of admitting caloric to enter into it ; and this power
was now extended to the emission or radiation of heat.

There is so much similarity between the experiments
of Rumford and Leslie, that it will not be necessary to
refer to both of them, considering the narrow limits to
which we are confined in this article ; and as those of the
at ter are generally the most decisive, and, for the most
art, performed with the most accurate instruments,
we shall principally employ them in our examination of
the subject.

Lwlie's ex-
Professor Leslie's researches illustrate, in a striking

perimenu on maiiner, the effect of the peculiar nature of the surfaces of
raUiation. bodies, both upon the emission and reception of radiant

heat, bodies of equal temperatures discharging and ab-
sorbing it in very different degrees. When a body
sends off rays of heat, we may conceive that it parts
with a portion of caloric that was previously united to
it ; and that when it receives the rays of heat, a quan-
tity of caloric becomes combined with it, which was
before in a free state. These two operations, although
the reverse of each other, seem to exist in the same pro-
portion, and in all respects to bear an exact ratio to each

Differential other. Professor Leslie employed in his experiments a
thetmome. species ofair thermometer of a new construction, which,*^

besides possessing the advantage of being an instru-
ten

ment of great delicacy, and being sensible to very mi-
nute variations of heat, has also the useful property of
indicating, at all times, any variation that occurs in the
temperature of the portion of air in which it is immer.
sed, and of adapting, as it were, its own scale to this

new temperature, so that the apparent effect is the
same, whatever be the actual temperature at which the
experiment is performed. It was from this property
that he gave to his instrument the name of differential

thermometer, as not indicating the actual degree of heat,

but only the degree in which it differs from that of the

atmosphere. (It is shewn in Plate CXLI. Fig. 1.) Rum-
ford employed an instrument very similar in its nature,

which he called a thermoscope.

In ascertaining the quantity of heat emitted from the
surfaces of bodies. Professor Leslie generally examined
the rays after they had been reflected by concave mirrors.

Those which he used were composed of polished block
tin ; and by means of a mould, upon which they were
formed, they were made to constitute portions of the
parabolic curve. The substance from which the heat
was emitted was boiling water, contained in a cubical

canister of block tin. This was provided witli a thermo-
meter to ascertain its temperature ; and the apparatus be-
ing placed in the focus of an elliptical tin reflector, the

effect was noticed upon the difierential thermometer, si-

tuated in the opposite focus. The canister had four

sides of equal dimensions ; and these being prepared in

different ways, either polished, or left rough, varnished,

or covered with paper, or some other substance, afforded

an opportunity of accurately examining and comparing
the effect of different kinds of surfaces on the radiation of

heat : {Inquiry, p. 17.) The apparatus is shewn in Plate

CCLXXXIX. Fig. 1 1 . Professor Leslie begins by ascer-

taining what was the effectof the canister ofboiling water,

when simply placed in the focus of the reflector, in what
length of time the maximum of heat was produced, and
how long theprocessof cooling occupied. He likewiseob-

served the effect produced on the thermometer, by era-

ploying water of different temperatures, and also by the

degree in which the temperature ofthewater exceeds that

of the temperature of the air of the chamber in which
the apparatus is situated. The vessel that contained the

water was a cube of 6 inches ; and when it was at the

boiling heat, and was placed at the distance of about 3

feet from the mirror, the rise ofthedift'erential thermo-

meter was equivalent to what would have been 14.5'

of Fahrenheit's scale. He also found that the greater

was the excess of the heat of the water above the tem-

perature of the room, exactly in the same proportion

was its action on the thermometer. Hitherto the ves-

sel had been employed with its uncovered side turned

towards the reflector ; and he next proceeded to contrast

with this the effect of the other three sides of the ca-

nister, one of whicli had a plate of glass cemented to

it, another had writing paper pasted on it, and the

fourth was covered with a varnish oflamp black. The
effect produced by these different surfaces was very

singular, and was, to the experimentalist himself, very

unexpected. The uncoveraJ side, which had the usual

polish of a metallic surface, produced an effect upon

the thermometer equal to 12°, the side to which the

glass had been applied to 90°, that covered with paper

to 98°, while the varnished side was equal to 100°.

From these experiments we arrive at the important

conclusion, that heat radiates from a polished metallic

surface with not quite -|th part of the energy that it does

from a surfitce that is covered with some substance,

which takes away the effect ofthe polish. Inouiry, p. 18.

.\n experiment, which may be regarded as the re-
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ppRiiM verse of the above, was afterwards tried. Here the
(Hot. thermometer was made to receive heat from the cania-

ter, its bulb beinjj first let\ in its usual state, and after-

wards covcretl with tin-foil carefully applied, so as to
admit of a degree of polish. It was then found, that
the coated thermometer, analogous to the polished side
of the canister, received only about |th as much heat as
when the instrument was without the metallic covering.
The power of surfaces in absorbing heat, seems there-
fore to be intimately connected with that of radi.iting

it, materially influenced by the nature of the surface,

much less wlien consisting of polished metal, and great-
ly augmented when covered with paper, varnish, or any
other not-metallic substance. These experiments seem-
ed to indicate, that the power of radiating and of ab-
sorbing heat was in an inverse ratio to that by which
heat is reflecteil from surfaces ; and this point wa.s after-

wards made the subject of direct experiment by Profes-
sor Leslie. He had already found, that the polished sur-
face of the canister was a bad radiator, and that the
coated thermometer, in consequence of its polish, was
equally unfitted for absorbing heat. The next object
was to examine, whether these surfaces, which were the
least fitted to radiate and absorb it, were not as much
superior in their reflecting, as they were defective in

their radiating power. The tin reflector was removed,
and in its place was substituted one of glass, while the
canister of boiling water, and the differential thermo-
meter, were placed as before in the respective foci. In
order to produce the greatest action upon the mirror,

the varnished side of the vessel was opposed to it ; but
the effect produced by reflection in this case was not
considerable. No important alteration was produced,
by removing the metallic coating from the back part of
the mirror, or by roughening it with emery ; but when
the anterior surface of the glass was covered with In-

dian ink, no heat was sent off from it. On the contra-

ry, when the front of the mirror was coated with tin-

foil, the thermometer rose ten times as much as it did
from the eftect of the naked glass. These experiments,

I

when compared with each other, lead to the following

I conclusions : That when the rays of heat strike against

I
polished glass, a large portion of them is absorbed, and

' tends to raise the temperature of the glass itself; but

when they impinge against polished metal, few of them
enter the metal, and nearly the whole are reflected. In-

quiry, p. 21.

Jiher Professor Leslie having now fully established the con-

laparative nection between the radiating and the absorbing powerof
ii;eh- different kinds of surfaces, afterwards proceeded to vary
'^'** the effects in different ways, and to compare them with

I
each other under different modifications. We have

I mentioned above, that the polished side of the canister,

when opposed to the mirror, produced in the differen-

' tial thermometer a certain rise, which we have called

equal to 12, that of the varnished surface being estima-

ted, as a standard of comparison, at 100. When the

tin was rubbed with a small quantity of mercury, an

effect was produced equal to 14, and when completely

coated with it equal to 20. As the brilliancy in this case

appears not to have been less than from the pure tin,

we must conclude that there is either a different radia-

ting power attached to different metals, independent-

ly of their mechanical properties, or that an amal-

gam of tin and mercury was formed of a soft consist-

ence. It was afterwards found, that when a mct.il loses

its brilliancy by oxidation, the radiating power is increas-

ed in the same proportion : a fresh surface of lead rais-

ed the tliermomcter only Uh as much as the lead when
covered with a layer of minium. This effect of oxida«

tion might perhapt have been nredieted ft«m th* pi«. rnrnfttn

ceding experiments ; but the alteration cauwd bjr iIb- **"**•

.

ply srratciiing or roughening the metal, teenw mora ~' »

"''

remarkable. If the perfectly wiooth ^ liicwl

on the thermometer an effect equal to i >ingit

with a file or with wind, so as quite to destroy its po-
lish, an elevation took place equal to 2(), or rather more
than twice as much as the former. It was afterward*
found, that when the tin canister wm coated with an
animal substance, such as jelly, if it was *pr' it

only to the thickness of a fine film, it raisri r-

mometer to 38 ; but when laid on so as to form a thick
coating, the effect was about twice as great, or near 80.

The effect in this case, was not found, however, to bear
an exact ratio to the thickness of the coating ; nor waa
a difference in the thickness of the coating observed to

have any effect, except when an animal substance wm
used, or something ot a similar nature, for metallic coat-

ings seemed to act merely from their surface. Some
experiments were made upon the effect of colour, in

mwlifying the radiating power of surfaces ; but the re-

sults are not sufSciently uniform, to prove any thing

very decisive on this point. Although the most consi-

derable effects were produced by lamp-black, yet, as hat

been mentioned above, writing paper was found to be
nearly as powerful. We have already had occasion,

more than once, to refer to the relation which exists be-

tween the radiating and the reflecting power of bodies,

a fact which, although contrary to what might have been
expected upon a transient view of the subject, is yet

established by numerous and decisive experiments.

Thus scratching the surface of the mirror, <liminishes its

reflecting power as remarkably as its augments its ra«

diation ; and also a layer of animal matter spread over

the face of the canister, diminished its reflecting power
to about l-3d, as was determined by the tliermometer.

I/igiiin/, p. 76. ct seq.

Professor Leslie was afterwards led to confirm, and ve- Exp*ri.

ry much extend the views which Scheele originally sng- '"^'**y

gested respecting the power of certain substances to re- J^SJLf^
tain the caloric which fidls upon them by radiation, ^j,^
when they are such as not to send it off again by reflec-

tion. In this case, the body receiving the heat, expe<

riences an elevation of temperature, until after some

time it becomes itself a source or centre of heat, which

emits it to other bodies. It was in this way that heat

was separated from light, as we have already related,

the light passing without interruption through a plate

of glass, by which the transmission of heat is, for a cer-

tain time at least, entirely obstructed. When the heat

is emitted or radiates from its new source, its progress is

then found to be varied from that which it originally

possessed, and to be entirely directed by the condition

of the surface from which it last escapes. This pro.

perty of heat was illustrated by a series of experiments,

in which screens of different kinds were interposed be-

tween the mirror and the canister, to which we have so

often referred : {Inquiry, p. 26, and 17.) A sheet of

tin was found entirely to intercept the heat, and a plate

of glass a considerable portion of it; but what consti-

tutes a curious difference between the effect of heat and

light is, that the quantitv of heat interceptetl varies

greatly, according to the vicinity of the glass to the ra-

diating body ; more heat being transmitted when the

glass is near the canister, than when it is more distant

from it. But, perhaps, some of the most curious of all

Professor Leslie's experiments were those in which he

employed two screens of tin, one side of each o( which

was covered with the black varnish, the other being

left uncovered. When these tin platea were laid togc-
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ther, with both their painted sides in contact, and of

course the bright sides both external, little heat passed

through them, because the side nearest the canister was

not adapted to receive caloric, nor the other to radiate

the little which might have been received ; but when
the varnished sides were placed externally, the quan-

tity of heat that passed through them was considerable,

because here the varnish enabled the one plate to ab-

sorb, and the other to radiate caloric with facility. When
only one plate was used, intermediate effects were pro-

duced. Several circumstances that were noticed by Pro-

fessor Leslie, led him to conclude that the rays of heat,

like those of light, where they proceed from a near ob-

ject, are sent. off in lines that have a sensible diver-

gence. The radiation of heat seemed to be entirely

suspended, by having the heated body immersed in

water ; and it appears probable that it cannot exist in

any medium except air. Inquiry, p. 92.

We have already alluded to the experiments of Count
Rumford, wliich were published almost immediately af-

ter those of Professor Leslie, and which so generally a-

gree with them, that although they are botli numerous
and ingenious, it will not be necessary to give any minute
description of them. Like Professor Leslie, Count Rum-
ford found, that polished metal radiates heat in a much
less degree than a metallic surface, at the same tempera-

ture, but covered with paint or varnish ; that a covering

of linen, flannel, paper, or in short of any animal or ve-

getable substance, tends to promote the emission of

heat ; and he farther found, that the radiation and ab-

sorption of heat bore a direct ratio to each other, and
likewise an inverse ratio to the power of reflection. In
one particular indeed, the Count's experiments had a dif-

ferent result from Professor Leslie's ; this latter experi-

mentalist compared the radiating effect of various me-
tals, and conceived that they differed from each other in

this respect, while Rumford could not perceive any
difference between them ; upon the whole, however, we
are disposed to regard Professor Leslie's results as the
most correct. Count Rumford, according to his usual
custom, deduces some important practical conclusions
from his experiments, which are the more valuable, be-
cause some of them are precisely contrary to the previ-
ous ideas that were entertained upon the subject. In
putting heated bodies into vessels or tubps, our object
is sometimes to retain the heat as long as possible ; but
in others, on the contrary, we are desirous that the heat
should be quickly dispersed through the contiguous
air. If we wish to confine the heat, we must employ
metal, and have its surface highly polished, a fact fully

proved by the above experiments, but directly contrary
to the conclusion that miglit seem to follow from the
superior conducting power of a metallic body. On the
other hand, if the object be to cool the vessels with their

contents, or to transfer their heat to the surrounding
medium, we must cover them with paint or varnish, or
with some kind of soft coating, not of a metallic nature.
As an example of the two cases, we shall mention that
of tubes conveying steam, which may, in the one in-
stance, be for the purpose of transporting heat from one
vessel to another, and where, of course, it is an object
that none should be lost in the passage ; here we must
nse bright metallic tubes, which will radiate as little as
possible. But if, on the contrary, we introduce steam
tubes for the purpose of warming an apartment, here
•we wish to promote the radiation as much as possible,
and we should therefore use the tubes unpolished, and
Tarnished, painted, or even rusted. In the same way
bright metallic vessels should be employed, when we

wish to preserve the heat in fluids, where they are used
for the purposes of cooking or manufactures, while the

opposite plan is to be followed, when the object is to

promote their cooling. {Phil. Trans. 1804, p. 177, et

seq. ) On the cooling of bodies we shall have occasion

to speak more at large, in a subsequent part of the ar-

ticle.

We must now advert to a train of phenomena, conr

nected with the radiating power of bodies, although
perhaps depending upon a different principle, and lead-

ing to some new ideas respecting the nature of heat,

the radiation of cold. By the radiation of cold we
mean simply to express the fact, that when a cold body
is placed in the focus of a concave mirror, a thermome-
ter will fall that is suspended in the focus of an oppo-
site mirror. This singular circumstance was first no-

ticed by the members of the Florentine Academy, and
was very distinctly described by them, although they

were so much surprised at the effect, as almost to doubt
the accuracy of their own experiment.

(
Saggi di nat.

Esper. p. 1 7fi. ) They do not seem to have made any
attempt to explain it ; no farther notice was taken of
it at the time, and it appears to have been almost for-

gotten, when Pictet, in the course of his experiments,

to which we have referred above, after having ascer-

tained the radiation of heat and its reflection by his

apparatus, placed a vessel filled with ice in one of the

foci, and observed the thermometer in the other focus

instantl)' to sink several degrees ; when tlie ice was re-

moved, the thermometer rose again to its former eleva-

tion. By adding nitric acid to the snow, and thus pro-

ducing a more intense cold, he found that the effect on
the thermometer was augmented. Essai/ on Fire,

§ 69. See our article Cold.
The apparent radiation of cold has been since confirm-

ed by Professor Leslie, and what may, at first view, ap-

pear still more remarkable, it seems to be acted upon
by bodies in the same manner with radiant heat. It

is promoted and retarded by the same kind of surfaces

which promote and retard the radiation of caloric, and
also in the same proportion. The canister, which had
been employed in the former experiments, was now
filled with ice or snow, and its different sides in turn

exposed to the mirror, the differential thermometer be-

ing, as before, suspended in the opposite focus. Tlie

cold produced by the varnished side was the greatest,

while that from the uncovered side was the least, the

glass and the paper being intermediate between the

two, exactly in the same manner, as when the vessel

had been filled with boiling water. The results also

were similar when the thermometer was covered with

different substances, so as to affect its power of absorb-

ing heat, and also when the surface of the mirror was

changed, so as to change its power of producing re-

flection. For example, when the thermometer was

coated with a leaf of metal it fell less, and when coated

with varnish, more than in its ordinary state. And
with respect to the mirror, the reflection of cold wa.'!

most considerable from the bright metallic surface, less

when a mirror of glass was employed, and still less

when it was varnished. Here the power of the mirror

in radiating cold, was exactly in the inverse ratio of its

reflecting power, just as is the case with the radiation

of heat. Lastly the interposition of screens of different

kinds, and with different surfaces, between the ice and

the mirror, had effects which were precisely analogous

to tliose mentioned above ; so that under all circum-

stances. Professor Leslie found the strictest coincidence

between the two kinds of radiation : {Inquiry, p. 23. ) It,
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HE
^m may be proper to mention, tlint experiments of n nimilnr

^^P nature, and with similar results, were perfonned on the

m^^ radiation of cold by C^ount Rumford. They are such
f am- as sulliciently establish the faets, and might be c«teomc<l
Iw valuable, were they not, for the moft part, supersedtd

by those of Professor Leslie. Phil. Trans. 1801, p. 17O.

»f irks
^^^ general conclusions that may be deduced from

Stho
the experiments of Pictet, Rumford, and Leslie, are,

i. that bodies possess a power which generates cold, or
>. reduces actual temperature ; and that this power is

emitted in right lines, and may be reflected, condensed,
or intercepted in its passage from one body to another,
like the rays of radiant heat. It also follows the same
laws with respect to tlie action of surfaces upon it, and
bears the same relation to their reflecting property.
Certainly the most obvious inference would be, that

cold, like heat, depends upon the presence of a real

material agent, capable of being transferred from one
body to another, and subject to similar laws of radi.i-

tion and reflection ; but this supposition is so strongly
opposed by many other considerations, which seem to

prove, in the most decisive manner, that cold is merely
a negative property, and signifies nothing more than the
abstraction of heat, that we are compelled to look out
for the explanation of the phenomena upon other princi-

ples : tliese we shall afterwards endeavour to elucidate,

jtiility We have very few remarks to make respecting the

tfrsDgi- two other mechanical properties of heat, its reflexibility

ofbeat. and its refrangibility. The reflection of heat has been
abundantly proved by the numerous facts that we have
stated, in which the concave mirrors were employed,
as well as in all those where the nature of the surface

absorbing the rays of heat affected this property ; for

it has been shewn, that in as much as the surfaces

were unfavourable for absorption, they were, in the

same proportion, favourable for the reflection of heat.

The refraction of heat, as distinct from light, was clear-

ly exhibited in Herschel's experiments ; by its passage
through the prism, it was diverted from its straight

course like light, only in a greater degree, as the calorific

rays are found to be dispersed over a larger space than

the spectrum formed by the visible rays. The rays

proceeding from a candle, or from burning fuel, were
also found to be Ciipable of refraction, like those of solar

heat. We may conclude that the solar heat consists of
ra3's of different degrees of refrangibility, although no
other dirference has been detected in their nature, as is

the case with the differently coloured rays of light.

This conclusion follows from the fact, that the space

occupied 1)}' the rays after they have passed through
the prism is greater than befbre they entered it. See

Appendix to this article.

» .,,;.,. „f Before we conclude our account of wliat we have sty-

led the mechanical properties of heat, we shall offer a

very few remarks upon the velocity with which it moves.

i That the velocity must be very great, is a point of
• which there can be no reasonable doubt ; yet it will be

found very difficult to assign the actual velocity. It is

(perhaps the most probable conjecture, that heat, when
radiating from a body, moves at the same rate with

light
;
yet we know of no decisive arguments from

which this can be inferred, as more than a conjecture.

J Pictet made some experiments upon this subject ; but

j
they onl}' prove that no perceptible interval elapses in

the passage of heat through about 70 feet, a space much
too small to prove any thing nnportant.

ical The second class of properties, which we announced
as belonging to he.it, are its chemical properties, or

• '<:'" those that tend directly to produce a chemical change
4

671AT.
in boilics. We shall, however, poitpone th*
alion of iheae to a future part of the artirle, brmn«r irt

shall then be better prepared to il'

pertics ought to be regarded as clu 1

made ourselves acnuaintrd with the elfcctf of heat, m
well as with the otiier prn{)crties that hava notret been
considered, which we have styled tpecijtc. Tneae we
shall now proceed to examine.

The specific properties of heat may be cUsied under S. : ^

two heads : its tendency to diffuse itself equally among p^l*'''* •»

bodies, or its mode of communication from one liodjto ""*•

another ; and the peculiar manner in which it paaaea

through bodies. Whatever be our opinion respecting

the real nature of heat, it is almost impossible to en*
ter into any investigation concerning it, without using
language that would seem to imply, that it proceecu
from the operation of a material cause. It, there*

fore, we fall into these forms of expression, it must
be ascribed, not to our decidedly adopting this hypothe-

sis of the nature of caloric, but to the extreme difficulty

of avoiding them, although they must be admitted to

be incorrect. With this preliminary caution, we may •

be allowed to say, that heat differs from other Ixxlies,

in its tendency to diffuse or distribute itself uniformly

through all kinds of matter. When any substance po»- eqoa] Ou
sesscs a different portion of free caloric from the sub- trih iiii— tt

stances in its vicinity, either in immediate contact, or '•*•••

connected witli it by the intervention of a thin! sub-

stance, the superabundant portion of heat will have a

tendency to pass from the first to the second, and the

one will give and the other receive heat, until they ar-

rive at a common temperature. This is one of the most

familiar occurrences, and one of which we perpetually

avail ourselves in the arts of life. If we wish to impart

heat to a body, we bring it near a substance that is

hotter than hse]f, when it immediately begins to receive

heat, and continues to acquire it, as long as it remains

in its new situation, or until it shall have experienced

some change, which rentiers it incapable of the farther

reception of heat. When, on the contrary, we wish to

cool a bmly, we remove it into the neighbourhood of

one which is cooler tlian itself, when an operation the

reverse of the former will ensue ; tlie cold body will ab-

stract heat from the wanner, until the common tempe-

rature be gained.

The cause of this tendency in heat to fly off from

bodies, or to pass from <me to the other, and thus to

difl'use itself among them, is attributetl to its possessing

an inherent repulsive power. The particles of all kinda

of ponderable matter are necessarily attractetl to each

other, and consequently, under all circumstances, they

have a tendency to be drawn and held together, unlesa

some counteracting cause prevents their union. This

is equally exemplified in the attraction which prevails

between l.nrge masses of matter, by which the planeU

are kept in their orbits, called the attraction of gravi-

tatiorf, and the attraction which exists between the in-

dividual particles of matter, and influences many of the

minute operations of nature, under the denomination

of chemical attraction. Tlie repulsive power, which

appeai-s to be an inherent quality of heat, may be re-

garded in general as the cause of iu diffusion among

bodies ; but the manner in which it is distributed, or

the particular law which it follows in passing off from

one Wly, and attaching itself to others, seems to de-

pend upon a different principle, or at least to be modi-

fietl in a way that cjinnot be referretl to repulsion. It

has been conceived, that the phenomena might be ex-

plained upon the idea, that there is a combination of

Rrpulon
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^opeitiee the two powers of repulsion and attraction, the heat

of Heat, escaping from a body, in consequence of tlie repulsive
'"^"y"^ power that exists between its particles, while, at the

same time, it is attracted by the particles of the body

into wliich it enters. And perhaps this kind of double

operation will serve to explain most of the facts, or at

least will enable us to announce them in language

which implies no contradiction, and gives an idea of

their relation to each other The equal distribution of

heat, as it has been called by some writers, or the equi-

librium of caloric, as it has been styled by others, con-

stituting one of the specific properties which we enu-

merated above, has been the subject of much observa-

tion and experiment, and has also given rise to much
hypothetical discussion.

The law by whicli bodies of different temperatures

become the one hotter and the other colder, or by

which the equilibrium of heat is produced, was first

laid down by Newton, and may be thus expressed in

general terms ; that the heat lost by the one body, and

gained by the other, is in proportion to the excess of

the temperature of one above the other ; or, stating it

in a more scientific maimer, that the difference between

the temperatures diminishes in a geometrical ratio,

while the times increase in an aritlimetical ratio. The
external circumstances which influence the rapidity of

the equalizing process, are the radiating power of the

bodies themselves, their conducting power, and, pro-

vided they are not in contact, the nature of the medium
which is interposed between them, and the mechanical

changes which take place in the medium, relative to

its position with respect to the heating and cooling bo-

dies, constituting currents. These principally operate

in what are styled the elastic fluids ; but they have also

considerable effect in the action of liquids. Tlie hypo-
thesis which is commonly adopted, and which appears

satisfactorily to account for this peculiar property of

bodies, was proposed by M. Prevost. It is founded
upon the following data. Heat is conceived to be a

fluid, composed of distinct particles, which pass through
space in right lines, and are projected in all directions,

with very great velocity. The particles arc so far re-

moved from each other, that, analogous to what takes

place with respect to light, a number of currents may
flow in different directions, without interfering with
each other. All bodies, except such as we suppose to

be absolutely deprived of heat, send out rays to each
other, although generally in very different degrees.
Two bodies, exactly of the same temperature, will mu-
tually give and receive heat, and even a cold body will

radiate heat to a hot one ; but, in the former case, tlie

quantities given and received by each will be exactly
tlie same, so that the temperature will not be changed

;

and, in the latter case, the one will give much more than
the other, until the temperature of tlie two is equalized.
Phil. Trans. 1802, p. 443.

This hypothesis appears to have been originally form-
ed, in order to account for the experiment, of which we
gave an account above, the radiation of cold. WJien
a heated body parts with its caloric to the neighbour-
ing bodies, and raises their temperature, the idea that
presents itself, as the most natural explanation of the
fact is, that the hotter body has merely given off its su-
perabundant heat to the colder, in consequence of the
tendency which heat has to distribute itself uniformly
througli all bodies subjected to its influence. It may
be conceived in this case to pass off, in a greater or less
degree, according to the excess of the temperature of
the one body over the other, modified by the nature of

1

ofHe^J

Prevost's

hypothesis,

KspTains

the radia-

tion of cold.

the surface, and the other circumstances to which we
have already alluded. But this simple view of the ope-

ration will not explain the radiation of cold, or at

least will not explain the apparent reflection of it from
a concave mirror. If the cold body acted only by at-

tracting heat from the neighbouring bodies, it would
take it from the thermometer, the mirror, and all other

contiguous substances ; and there seems to be no rea-

son why the focus should be colder than any other part

of the atmosphere, equally near the source whence the

cold proceeds. According, however, to Prevost's no-
tion, when ice is placed in one of the foci, it sends out
radiant heat, which strikes against the mirror, and is

reflected into the opposite focus ; but these rays being
comparatively cokler than those which proceed from
other bodies in the vicinity, have the effect ofgenerating
absolutecold in the second focus, and thus tend to depress
the thermometer which is suspended there. A mutual ex-
change of heat thus takes place between the ice and the
thermometer, and the equilibrium is established, by the
ice acquiring, and the thermometer losing, each a portion

of caloric. {Journ. I'kt/s. t. xxxviii. p. 3.) Tlie facility

with which this hypothesis explains the radiation of cold,

is itself an argument in favour of its validity ; and it

must be admitted, that it applies equally well to all the
other phenomena in which caloric is concerned. An ob-
jection has indeed been urged against it, that it does not
take into account the effect of the conducting power of
bodies, which must have an important effect in the equa-
lization of their temperature. This is not, however,
properly an objection against the general doctrine of
the reciprocal interchange of radiant heat, but an omis-
sion in Prevost's manner of applying it ; and it seems
that the two operations are not in any degree incompa-
tible with each other. Still, however, M. Prevost's opi-

nion must be regarded rather as a plausible conjecture,

which has the merit ofsatisfactorily explaining the phe-
nomena, than as a theory founded upon any direct ex-

perimental proofs. It has indeed been conceived, that

Professor Leslie's researches afford considerable support Snpportei

to it, as they tend to establish the existence ofa radiating ^y ^^}^

energy in bodies, quite independent of their conducting
nif„'i^"

power ; an energy, by which even the worst conductors

of heat, under certain circumstances, become the most
active radiators of it. Yet this radiation can never be
proved to exist, except there be a previous difference of
temperature between the bodies ; because the thermo-
meter, which is our only measure of heat, and the only
index which we possess of its presence, is never af-

fected except by an unequal distribution of it.

Having now described the manner in wliich heat Conductirj

tends to pass from one body to another, we shall next p"'*5« **

proceed to the second of its specific properties, the

power by which it moves among the particles of the

same body ; or is'condticted, as it is styled, through their

substance. As bodies appear under the three states of

solids, fluids, and gases, we should consider the power
which heat exercises in its transmission through each of
these different forms of matter. Our remarks will,

however, be chiefly confined to the action of solids and
li({uids upon heat; for in consequence of the tenuity of

gases, or tiie distance at which their particles are situa-

ted from each other, it does not appear that any very

notable effects can be attributed to them upon the pas-

sage of i'ree caloric, at least in comparison with what
we observe in the two other classes of bodies.

When heat, in its uucombined state, radiates through P'lssagcol

air, or through a vacuum, it moves with a velocity
,'i"ou„h,9

which has not been accurately measured, but which, lids.

bodies.

i
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there is reason to suppose, is iu»inen«ely great; »o tlwt,
witli respect to any distances near tlie earth, it may be
said to be infinite. Heat also ]>a8ses throiijfh the mo«t
dense and solid bodies, as, for example, throii;?h inetaU;
but in tliis case its progress is prodigiously retarded. It
is also found to move through these bodies with various
degrees of velocity, which do not seem to bear an exact
ratio to any other of their properties, and which can
only be ascertained by direct experiment. This, in
opposition to the rapid transmission of heat through tlie

air, or through a vacuum, lias been styled its slow com-
munication ; and tlie power whicli solids possess of en-
abling heat to pa.ss along them, has been called their
conducting power. When solids are in contact, and
are possessed of clifTerent degrees of heat, they imme-
diately tend to produce an equilibrium of temperature;
which is not brought about, as in tlie fonner case, by
radiation, but by the one directly abstracting a portion
of heat from the otlier, conducting this portion tiirough
its own substance, and diffusing it equally among its

particles. This faculty exists in bodies in very differ-

ent degrees; but it is loiind that each individual body
always preserves the same degree of this power, unless
some change takes place in its chemical or physical con-
dition, when a change is at the same time produced in

its conducting power. A familiar but a correct exam-
ple of the different degrees of this conducting power in

bodies, may be noticed in the tlifferent effects that are
produced upon metal and upon glass. If a rml of each
of these substances have one of its ends plunged into
hot water, the metallic rod will soon become so tho-
roughly heated, through all its extent, tliat it will be
impossible to apply the hand to the other extremity,
while the glass rod will remain a long time in the wa-
ter, before the upper end is sensibly affected. Hence we
say, that metids aregootl conductors of heat, and that glass

is a worse conductor of heat than metals. As a general
princi])le, it may be stated, that the densest bodies are

the be^t conductors ; but to this rule there are many
exceptions. Upon Uie whole, however, the principle

seems to hold gootl in so many instances, that we may
infer the existence of a necessary connexion between
the density and the conducting power of bodies, and
that when the ratio is not correctly maintained, it should
be attributed to the interference of some other princi-

ple. Thus it is remarked, that the same botly, without
having experienced any chemical, or any other physical

cliaiige, except a difference in its state of aggregation,

has its conducting power increased or diminished, in

proportion to its density, or to the cotitiguity of its par-

ticles. Rumford found that a solid piece of iron is a bet-

ter conductor than the filings of the same metal ; and
that wood is a better condut'tor than saw-dust.

Many e-tperinienLs have been performed on tlie con-

ducting power of solids, the object of which was to as-

cerlaiii the amount of this power, and to learn whether
it bore an exact ratio to any other physical or chemical

property. Metals, as was remarked .ibove, are some of

the best conductors of heat, but they differ considerably

among themselves in this respect. Ingenhousz insti-

tuted a simple, but ingenious process, for discovering

their relative power, which consisted in providing him-

self with reds ofdifferent metals, all of the same diame-

ter, and having a certain length covered with a coat-

ing of wax of the same thickness. The otlier ends of

the rods were then plunged to the same depth in a

heated fluid; and according to the quantity of wax that

was melted, their conducting power was estimated.

The best conductors were found to be silver, geld, tin,

VOL. X, PAKT. n..
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and copper, while platinm, iron, and lead tMBMd to be
the worst : {Jotim. Phifi. torn, xxxiv. p. 6».) TImm
experiments prove that the conducting power of the
metals i» not precisely in the aame ratio with Uirir den-
sity. Itichiiiaiin of Pctertburg endeavoured to tjtem-
tain the same point by a different proceM, He pro-
cured hollow balls of tlie leveml metal*; into Umm he
inserted the bulb <if a tlierraometer, inMneraed tk«
balls in boiling water, and oinerved the eflefll apon tke
mercury: {Cumtnent. Pelrop, vol. iv. p. SH.) Tka
rcsulu do not precisely agree with thoiie of IngMH
housz : but although more elabomto, we think tneoi
less direct ; l>ecaus« in Itichmann'a, other catue* bcnde*
the mere effect of the conducting power might act upon
the thermometer, an objection which does not teem to

apply to liigenhousz's.

. A set of interesting experiments waa perfonned by CaniactiDt

Rumford on the conducthig jiower of various rtrnnnl f^V* •*

and vegetable substances. The plan which he pailiml ?!^,.,_
was to provide himself with a glass cylinder, whiell

terminated in a globe of somewhat more than an indl
in diameter. The bulb of a thermometer waa suspend- ""^?'"

ed in the centre of this globe, and was surrounded by iJ^^
the substance to be examined ; and the whole appara-
tus was then plunged into boiling water, and when
raisetl to a certain elevation of temperature, it was im-
mersed in a mixture of ice and water, and the time
noticed which was required to bring it down to tin
degree of heat. The heat from the water muitt eb-
viously pass through the substance upon which the

trial was made, before it could reach the thermometer

;

therefore its conducting power was estimated by the

effect which it pro<luced upon this instrument He
began by observing the length of time necessary for

raising the thermometer enclosed in the cylinder, when
it was surrounded only with air, and what length ot'

time was also necessary to cool it, by afterwards im-
mersing it in a mixture of ice and water. He then

successively introduced into the globe, similar weights

of wool, cotton, silk, linen, down, and fur, and com-
pared their efi'ects with air, taken as a standard ; the

two last bodies were foorKl to be the worst conductor*,

and linen the best, a fact which agrees with our expe>

rience of their effect when used as clothing ; for we
know that their only operation, as producing warmth
to the bo<ly, must depend upon their retaining the heat

which is generated in it, and preventing its escape.

The Count concludes, that the relative cowlucting

power of these sul)8tances was in the inverse ratio of

the quantity ot' air interposed between the particles or

fibres of which they are composed. He found that

their non-conducting j»ower was not in projxirtion tn

the quantity of solid matter which they contain, and

therefore couht not \\e from any mutual attraction be-

tween the solid matter and the air ; for the power bore

no ratio to the actual quantity of the substance, but ob-

viously depended upon the manner in which it was ar-

ranged.

He performed a- direct experiment on sHk, which

establishes this point. Eoual quantities of raw silk,

tlie raveilings ot" spun silk, and twisted silk thread,

were respectively placed in the apparatus ; and their

conducting powers were found to he in the proportion of

9, 11^, ami 13. He afterwards examine*! how far the

air itself in the globe ami cylimler might be conceived

to be the sole agent, when it iippearc<l, l)y calculating

the space wluch the different substances ocrupifd, .nnd

comparing the effect of the bulk of air which would be

left, with the effect of the instrument when entirely

4«
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Properties filled with air, that the process of cooling was retarded

^
of Heat, by the mixture of the body with the air ; and hence he

"""'Y'"' deduced the conclusion, that the presence of the solid

matter impedes the motion of the air, and prevents

those currents from being formed in it, which we
shall afterwards find to act so important a part in the

heating and cooling of fluids: {Phii. Trans. 1792, and
Bemarks on Essays, vol. ii. p. 428.) At the time when Rumford
Rumforil's published his Essay, the effect of the radiation of sur-

faces was not thoroughly understood, and it is entirely

neglected in the view which he. takes of the subject.

It must, however, have had a considerable share in tlie

production of the phenomena : and we may imagine,

that the more the pai-ticles or fibres of the solid matter

are dispersed through the mass of air, the greaternum-
ber of rays will be interrupted by them. It is also pro-

bable there is a real attraction between air and the dif-

ferent substances that were examined, which must have
had its share in affecting the nature of the results ; but
whether the attraction differs in different substances,

or whether the attractive power of the air is precisely

equal upon all of them, does not appear to be exactly

Meyer's ex- ascertained. Some experiments were made by Meyer
periments of Erlangen, on the conducting power of the different

kinds of wood. He procured balls of them, in which
he formed a cavity to receive the bulb of a thermome-
ter ; the balls were then exposed to the same tempera-
ture, and the effects upon the mercury were noticed.

The experiments, although performed with apparent
accuracy, are defective in not making any allowance of
the action of radiation. Lime, fir, alder, and oak, were
the worst, while ash, apple, and ebony, were found to be
the best conductors of heat. Ann. C/iim. t. xxx. p. 32.

The different conducting power of bodies produces
a great difference in their action upon the nerves in ex-
citing the sensations of heat and cold, although the
bodies indicate the same temperature to the thermome-
ter. Thus it is well known, that in the same apart-
ment, when it contains no source of local heat, the dif-

ferent articles of furniture will convey to the hand very
different degrees of warmth. Metals feel the coldest,

stone or marble is the next in degree, while wood, and
still more woollen stuffs, produce little or no feeling of
any change of temperature. The effect in this case de-
pends upon the different conducting power of these
substances ; the human body being almost always warm-
er than the objects that are contiguous to it, its heat is

abstracted by them ; but this operation goes on in pro-
portion to their conducting power, i. e. to the respective
velocity with which they are enabled to remove the
heat from our body. It obviously follows, that when
we wish to retain the heat in any substance that is

warmer than the surrounding medium, we must en-
close it in bad conductors of heat ; and that exactly the
same method must be pursued, if we wish to keep any
substance at a lower temperature than the atmosphere,
or other contiguous bodies. Thus we envelope our-
selves in woollen cloth or furs when we wish to retain
our natural warmth ; and we should employ the same
method to prevent the melting of ice or snow.

Cause of th« We have ahready observed, that one cause which ob-
different viously tends to affect the conducting power of bodies,

Xtrs*"^ '*<.*^^\'' P°«»«8s»ng a spongy texture, by which portions
iuw«». of an- become, as it were, entangled in its pores, and

thus seem to prevent the communication of heat. But
we observe a very marked difference in the conducting
power of bodies that are perfectly solid, and where no
air, or at least no quantity that can be supposed capa-
ble of producing any effect of this kind, is present.
What IS It, in this case, that causes the difference in

Effect of

different

conductors

on the sen-

sations.

powers.

Properti.i
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the conducting power of bodies ? Is it an attraction

which the heat possesses for the particles of the solid,

or do the experiments of Rumford and others lead us

to regard the operation as of a more mechanical nature,

as if there was something in the arrangement or shape
of the particles, which retards the passage of the heat

along them I" These are questions which at present it

appears to be beyond our power to answer. Those
cases in which a greater or less degree of density, or

of aggregation of the parts of bodies, produces a con-
siderable effect upon their conducting power, would in-

duce us to suppose, that the worst conductors should
be regarded as merely the most effectual retarders of
heat, and the best conductors as simply those that have
the least power in retaining the heat that has been im-
parted to them. But this view of the subject seems
scarcely to apply to metals and other solids of a similar

kind. The radiation of the surface may be supposed
to have some influence in these cases ; and M. Poisson Opinion oi

goes so far as to conjecture, that the conducting power Poisson.

of solids, generally, is to be regarded as a kind of ra-

diation from particle to particle, operating at very small

distances : {journ. Phys. t. Ixxx. p. 434. et seq.) Upon
this point, however, it does not appear that we have any
data which can enable us to form a decided judgment.

Without, however, entering upon any abstruse theo- circumsL
ry on the subject, for which the present state of our ces whiA
information does not seem to afford a sufficient founda- aff^'^'^
tion, we may assume, as the most natural deduction "^onductrnj

from the facts, that the conducting power of bodies de- P°""'

pends principally upon three circumstances. It is af-

fected partly by the mechanical relation of their parti-

cles to each other, partly by an attraction between the
heat and the particles of which the body is composed,
and partly by the radiating power of the heat. The
heat which escapes from the surface will tend to draw
from the interior a portion of its remaining heat, in or-

der to supply what has been lost from the external

parts. There are also other causes, which, although
perhaps less efficacious, are not to be neglected. The
consequence of adding heat to a body, is to expand it

in all its dimensions ; but, by this expansion, it aj>.

pears to acquire a greater capacity for retaining heat,

so that it will become more disposed to carry it from
other bodies, and to diffuse it over its own substance,

and thus to have its conducting power increased. The
effect which caloric has in altering the state of bodies,

may likewise materially affect their conducting power,
according to the nature of this change. Thus, if we
throw a certain quantity of heat into a metal, it is re-

duced to the fluid state, by which its relation to heat,

and the manner of conducting it, will be much affect-

ed. There is some reason to suppose, from an experi-

ment of Pictet's, that heat passes more readily upwards
than in the contrary direction. He enclosed a metallic

bar vertically in a vacuum, and, heating it exactly in

the centre, observed the effect produced upon thermo-

meters attached to each end ; when it appeared, that

the one at the upper end was affected sooner than the

one at the bottom: (Essay on Fire, § 33.) The expe-

riment is ingenious : but there are some points connect-

ed with it, which render the result rather dubious.

We now proceed to consider the manner in which Conduetii

heat passes through fluids. Fluids differ essentially power of

from solids in their particles being moveable among •>"""•

each other ; and this circumstance, as we shall find,

acts a very important part in the transmission of heat.

Fluids, like solids, are expanded by caloric, and of
course become specifically lighter ; and therefore when
heat is partially applied to them, in consequence of this

I
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^"'^^
spect to each other, the li^'iucr or heated part rises to^ ~ the surface, while the colder part sinks to the bottom.
It is obvious, then, that heat may be supnosctl to poas
through fluids in two ways ; it may either be trans>
mitted from particle to particle, as is the case with so-
lids, or it may be conveyed by a change of gravity in

the substance itself, protluciiig a species of circula-
tion among its parts. Many facts that fall under com-
mon observation, shew that this circulation takes place
in partially heated fluids, and prove that it is much
easier to cause heat to pass upwards through them,
than in the contrary direction ; but the impossibility

of heat being propagated downwards through fluids,

was not admitted until after the experiments of Uum-
imford's ford. These experiments, which are perhaps the most
iperi- ingenious of any which he ever performed, have been
i-jits. generally regarded as sufficient to prove the general

principle, to which we have already alluded, that when
any portion of a fluid is heated beyond the tempera-
ture of the remaining part, it rises to the surface, in

consequence of its comparative levity ; and if the heat
be applied to the bottom of the vessel, which is usual-

ly the case, the successive portions of the fluid, as

they receive the heat, rise in their turn to the upper
part, until the whole acquires one uniforati temperature.

On the contrary, if the heat be applied to the top of
the fluid, it is only the upper stratum which becomes
heated, the remainder retaining its former temperature.

Rumford placed a portion of ice on a certain quantity

of boiling water, and found that it was melted in about
3 minutes ; but when the same substances and appa-
ratus were used, except that the ice was fixed at

the bottom of the water, several hours elapsed, and yet

the ice was not completely thawed. To render the ope-

ration still more striking, it was so managed that wa-
ter was made to boil in tlie upper part of a cylindrical

vessel, while the lower part remained full of ice. £*-

says, vol. ii. p. 211, ct seq.

We have already mentioned the experiments in which
it was found that heat passed less readily through so-

lids, when they were of a spongy or porous texture,

than through those that were more dense and compact.

The same kind oi" effect was found by Rumford to take

place in fluids when substances were mixed with them,

which, by their viscidity, or other analogous property,

would prevent the motion of their particles, and thus

put a stop to the circulation, which we have described

as conveying the heat through their different portions.

He compared the time which was necessary for a quan-

tity of pure water to change its temperature, by a cer-

tain number of degrees, with the same bulk of water

when mixed with down or with starch ; and he found

the times to be as the numbers 6, 9^, and 11. He af-

terwards went onto shew, that by increasing the quan-

tity of matter in the fluid, the difficulty of the pass.tge

of heat through it was proportionally increased. '
-,'^ih

part of its weight of down added to water, produced

a retardation equal to 75, while ^^Xh of the same sub-

stance produced an effect equal to 95 : (^Essays, vol. ii.

p. 221, et si-q.) Tlie general principle, therefore, ap-

pears to be fully established, that fluids transmit heat,

or suffer it to pass among their parts, in a diflerent way
from that in which heat is transmitted through solids,

not by its being given off' from one particle and recei-

ved by another, but by all the particles coming suc-

cessively to the source of caloric, and individually re-

ceiving it from the heating body. Whatever impedes

the intestine motions of the fluid, and prevents this cir-

culation of its particles from taking place, stops the pas-
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sage of heat through it, and confine* iu effect to the
|>ortion which first reccivetl it.

The facts brought forward by Rumford may be con-
sidered as very tiecisively proving the general prin-
ciple

; but it has still U-cn questi.ined, whether there
is in fluids that absolute and complete non-condactin*
power which he attribute* to them. Some experimenta
to prove that they really poueaaa tmaB <kf|raaof a pro-
per conducting power, have been pwfucmed by I)r
Hope, Mr Nicholson, Mr Murray, Dr ThonMon, and
.Mr Dalton. Their plan was to communicate heat to
fluids in a direction different from that in which th»
supposed currents would act, as bj' applying it to the
upper surface, antl by their using every precaution to
prevent its being carried downwards by the sides of
the vessel contaming the fluid, or by any other coaiw
teracting cause. The experiments appear, upon the or gal; in »
whole, to prove their position, and thus to modify the "imII dc.

conclusions of Rumford ; but perhaps in all of them K"^
there may still be some sources of maccuracy, which
it is very difficult to guard against. 'I'he process of
Mr Murray appears, upon the whole, to be the most un- Mum;'*
exceptionable. He formctl a hollow cylinder of ice, eipcri-

which served as a vessel in which to contain the sub- meott.

ject of his experiment ; for ice, as long as it remains
unmeltcd, being a perfect non-conductor of heat, the
objection must be removed, which depends upon
the conducting power of the vessel itself. The other
arrangements made by Mr Murray were very ingeni-
ous, and appear to be well adapted for preventing the
passage of heat in any manner except through the ac-

tual fluid ; yet heat seemed to be certainly transmit-

ted from tlie upper surface to the lower part, so as

to affect a thennometer fixed near the bottom : (Ni-
cholson's t/oMr«a/, vol. i. p. 4-21.) If, then, we are brought
to conclude, that fluids possess some degree of con-
ducting power, it next remains for us to inquire, what
is the relative degree in which it exists m different

kinds of fluids ? This, however, is a question which
it is impossible for us to answer with any accuracy ;

because we have no correct means of learning how tar

the communication of heat to tliem depends upon their

proper conducting power, and how far upon the mo-
tion between their particles, it may be inferred, from
some experiments of Rumford's, that mercury is a better

conductor of heat than oil or water ; and this might be
expected to be the case. It is natural to suppose, that

mercury, so far as it is a fluid substance, conveys calo-

ric, by internal motions among its particles, like otlier

fluids, yet that it still retains its metAllic property, and
may conduct it from particle to particle.

The subject of the conducting power of liquids baa Brmttr'*
very recently been investigated by Dr Brewster, who experi-

has removed every doubt that could remain respecting nutiu on

the existence of this property in fluid bodies, and lias ^^^''"

pointed out a simple method by which the conducting p„„^
power of all transparent fluids may be ren<lered visible Huiik.

to the eye, and easily measuretl, without the aid even

of a thermometer. The apparatus by which these ex-

periments were made, is shewn in Plate CCLXXXIX. Platx
Fig. 8. where ABCl) is a tin vessel about a fool long, cCLXXXIZ.

having two openings E, F, in which two piece* oj" Kij. 8.

paralU'l gl/iss are firmly cementetl. A heated iron GH
is suspended by a wire LM, and a stand RT, having a

small circular ajicrture F, about one-eighth of an inch

in diameter, is placed very near the plate of glass F,

so as to be seen distinctly by an eye at E. This aper-

ture is capable of being raised and deprcAsed by a finger

screw S. The vessel is now filled with water, or any

other duid, nearly to the top, and the eye being placed
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at E, and the aperture P raised so as to be seen through

the upper stratum of fluid, it will appear of a perfect-

ly circular form. Let the heated iron be now suspend-

ed, as in the Figure. In a few seconds the upper stra«

turn of fluid will expand, as the heat penetrates the mass,

and the circular aperture will have an elliptical form,

as shewn at a, Fig. 9- By depressing the aperture P,

,
so as to allow the rays which diverge from it to traverse

the fluid strata at different depths, the aperture will

have the appearance shewn at b, c, becoming perfectly

circular at the point c to which the heat has advanced.

These appearances are the necessary consequence of the

propagation of the heat downwards, which diminishes

the density, and consequently the refracting power of

tlie upper strata. A very curious phenomenon now
takes place upon removing the hot iron GH. The up-

permost stratum m n, Fig. 9. which was formerly the

hottest and the least dense, now gives out its heat to

the superincumbent air, and to a certain depth c. Fig.

10. the fluid diminishes in density, while from c to J"
its density increases. If, in this situation, we again ex-

amine the circular aperture, it will be found to be ex-

tremely elliptical at a. Fig. 10. having its larger axis ho-
rizontal. The ellipticity will gradually diminish to-

wards c, where its form will be circular, and below c it

will again become elliptical, the larger axis of the el-

lipse being now in a vertical direction. In these

experiments the heat propagated down the sides of the

vessel produced no effect, and if it had produced any,

it could have been easily distinguished ft'om that which
was occasioned immediately below the hot iron.

Now as all these changes are capable of being accu-

rately measured by a micrometer, we are furnished with
the means not only of ascertaining the relative conduct-
ing powers of all transparent bodies, but also of deter-

mining the curve of density, whether the variation of
refractive power is produced by heat, by pressure, or

by the mutual penetration of two different fluids. The
optical properties which were developed during these

experiments, will be explained in our article Op-
tics. Similar results may be obtained in a manner very
different, but equally satisfactory. Let AB, Fig. 10.

No. 2. be a vessel having a plate of annealed glass,

whose section is MN, placed horizontally near the sur-
face m n of the fluid, and supported by a glass pillar P.

When this vessel is properly exposed to polarised light,

no appearance will be seen through the edges MN of
the glass ; but if a heated iron is suspended, as in Fig. 8.

the descent of the heat towards the surface MN, and its

propagation through the glass plate, will be marked by
beautiful fringes of light parallel to MN. Hence we
have another method, and a very direct one, of miasii-
ring the conducting powers either ofIranspareul or opaque
bodies, by the Chromatic thermometer. See Glass, vol.

X. p. 321 ; Thermometer; and the Phil. Tram. 1816,
p. 108.

We have but few remarks to make on the manner in
which heat is transmitted through gases. From their
physical constitution, especially from the facility with
which their particles move among each other, we might
infer that he;it would be con\ eyed through them, more
in the way that it is through fluids, by the action of
currents, than from particle to particle, as in solids.
We know also that air, like liquids, is expanded by heat,
and that this expansion causes it to become specifi-
cally hghter, and thus forms ascending currents of
warm, and descending currents of cold air. Rum-
ford endeavoured to prove by experiment, that the
passage of heat through air was entirely brought about
by theee currents, and that it was in itself a perfect

non-conductor. {Estays, vol. ii. p. 410. et seq.) But
his experiments, and the reasoning founded upon them,
although ingenious, do not decisively prove the point

;

they only go so far as to show, that whatever impedes
the motion of the air, retards its heating and cooling,

and that the communication of heat to air is, in part

at least, effected by the same means as it is in fluids.

Berthollet has indeed advanced some considerations in

favour of an opinion the very opposite to that of Rum-
ford's, that air is a good conductor of heat,

(
Stat. Chim.

tom. i. p. 46"7,) but they cannot be considered very deci-

sive, and, in short, the question must be regarded as

one which is still open to further discussion.

Before we conclude the subject of the properties of

heat, we must make a few remarks upon the cooling of

bodies. This process depends upon the combination of
a variety of circumstances ; partly upon the tendency to

radiation, partly upon the conducting power of the

substances in contact with the body to be cooled, and
partly upon the presence of those currents, which we
have described as existing in fluids and g.<ises. Professor

Leslie, in the course of his researches, to which we
have so often alluded, made some experiments on the

cooling of water contained in vessels that had diffe-

rently radiating sui'faces. He found that a globe of
polished metal, when filled with boiling water, cooled

to a certain degree in 156 minutes, while under the

same circumstances, except that the globe was coated

with lamp black, the water required only half that

time for cooling. In this experiment, however, the

cooling depends partly upon radiation, and partly upon
the conducting power of the substance of which the ves-

sel is formed ; and Professor Leslie attempted to estimate

the relative effect of these two operations. From pre-

vious trials, he knew what quantity of heat would have
been abstracted by radiation alone ; and thus it was
easy to calculate what portion of the heat was removed
by radiation, and what by the conducting power of

the vessel. The general result is, that the effect of ra-

diation is more powerful than that arising from the

conducting power ; for the lamp black, which is known
to be a bad conductor, increases the cooling of the wa-
ter by augmenting the radiation. As might be pre-

dicted, from what has been already related, when tlie

globe was immersed in water, the cooling went on at

the same rate, whether the surface was clean, or was
covered with the black paint. In this case the process

depended entirely on the internal currents that were
formed in the water, while the surface of the vessel

has no effect upon it. Inquiry, p. 268. 316.

Both Professor Leslie and Count Rumford performed

a number of experiments, similar to the one mentioned

above, on the action of the surfaces of vessels in pro-

moting or retarding tlie escape of heat from bodies con-

tained in them. We arrive at many conclusions which

are singular and important ; but they so obviously fol-

low from the facts which have been already noticed

respectingtheradiationof heat, that it will not be neces-

sary to dwell very long upon them. In Professor Leslie's

experiments, it was always found that the cooling of

water in metallic vessels was accelerated by coating the

vessel with paper, paint, isinglass, or other similar sub-

stance ; and while the coating was ciunparatively thin,

this acceleration appeared to be in proportion to its

thickness. So that although in these cases the conduct-

ing power must have been injured, yet this defect was
more than counteracted by an increase of radiation. It

can, however, scarcely be doubted, that, were we to

go beyond a certain limit, we should find, that, by aug-

menting the thickness of the coating, the diminution of
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the conducting faculty wonlii prevRil over any advan-
tafte which might be derivcil from the inrn^aiie of the
radiating power. There are several reasons which in-

duce us to suppose that this latter quality is aftected

principally by the nature of the surface, while the con-
ducting power must depend equally upon the nature of
the substance through its whole thickness. It <loes

not appear that any experiments have yet been per-
formed, l)y which we can learn in what point this ba-
lance ofpower exists. Rumford's general conclusions en-
tirely coincide with Professor Leslie's. He found that the
same metallic cylinder, which, when filled with water,

required 55 minutes to cool through a certain number
of degrees, required only ^S minutes when covered
with a layer of glue, 36 when covered with linen, and
34 when coated with a varnish of lamp black. Phil.

Trans. 18(H, p. 90.

When bodies are surrounded either by a fluid or by
air during their cooling, the rate of the process will l)e

considerably affected by the motions that take place

among the particles of the investing medium. The
action of a current of air in promoting refrigeration is

too well known to require illustration ; and this mu.st

evidently be an effect entirely independent of radia-

tion, and in a great degree at least of the conducting
power of the air. Without deciding the question,

whether air be an absolute non-conductor, it is render-

ed probable, both from circumstances that fall under
daily obsen'ation, as well as from the direct experi-

ments of Rumford and others, that air is not a good
conductor of heat, and that one of the most effectual

methods of retaining the temperature of a bofly, is to

surround it with a stratum of air, so confined, that no
internal motion can take place among its particles.

Hitherto heat has appeared only as a simple sub-

stance, capable of being communicated through the

parts of solid bodies with different degrees of velocity,

according to their conducting power ; the presence of

the heat being in every case marked by an expansion of

the solid body corresponding with the temperature.

These views, however, though universally received both

among chemists and natural philosophers, have been

completely disproved by some recent experiments made
by Dr Brewster on the propagation of heat along glass,

obsidian, semiopal, muriate of soda, fluor spar, alum,

gum copal, rosin, horn, amber, tortoise shell, and other

substances. We shall endeavour to lay before our rea-

ders as brief and perspicuous an account as we can of

the new properties of heat which were discovered in

the course of these experiments, without anticipating

any of the phenomena, which more properly belong to

the subject of optics.

Let a plate of glass, ABDC, (Fig. 1.) having MN
(Fig. 2.) for its section, be placed with its edge CHD
upon a hot iron,- or be in any way exposed to a source

of heat The heat will be slowly communicated through

the substance of the glass in the direction HGFF,, and

when the heat has reached E, the temperature will be

greatest at H, diminishing gradually towards E. The
glass will, therefore, according to the common doctrine,

be in a state of expansion, as shewn in Fig. S. being most

dilated at H, and least dilated at E. The case, however,

is very different. When the heat has entered the glass

at the edge CD, the parts of the glass between the edge

and the dark line at G are in a state of expansion, dimi.

nishing towards G, and at the same instant the parts

of the glass between E and F are thrown into a similar

state of expansion, while the intermediate portions be-

tween F and G are thrown into a state of contraction,

the lines AFB and CGD being the limits between the

5
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contmcted anil expanded portion*, where th* ffiam laa
suffered no mechanical change. Thc-te nppotit* effecU, 'fHmL^
which are shewn in Fig 4. are di«tinctly prodar«d be. »

—

^

fore the heat has reached the point F. When the "•" *"

height of the gla«» plate HE i* very umall, EF in equal
to HG, and the contraction'* and expansions are aluMMt
simultaneously produced ; but when HF is two or moi«
inches, EF is always much greater than Hf », and the
expansion lietween E an<l F is less di.«tinrtly »een, being
spread over a greater space. From these resulti it follows,

1

.

That heat, in passing along a plate of glaas, ex-
pands a fart of the glan, where the heat don not exigl in

a tensihle tiatc.

2. That the heat also contracts an adjacent portion of
the glass, where it tines not exist in a sentihie state.

3. That the heat contract* a part of the glass where it

does e.tist in a sejisihle slate.

4. That the heat ex-ftands an adjacent portion of the

glass where it does exist in a sensible state.

If the plate of glass ABDC, instead of being heated,

is brought to an uniform temperature by immersion in

boiling water, and is then allowed to cool in the air, all Platk
the effiscts, which we have described, are exactly re- ccLjtxxnu

versetl during cooling, as shewn in Fig. 5. the parts of *'* *•

the glass which were formerly contracted being now
expanded, and vice versa.

If the expansion between H and G is either increased

or dmiinished by a variation in the source of heat, the

other expanded and contracted portions suffer a similar

change ; so that there must always be an equilibnim

among the forces, by whicli these opposite mechanical
states are produced.

Let the plate of glass ABDC, Fig. 6. be cut with a Fig. «.

diamond through its centre O, by a hne M\, but not se-

parated into two parts, and in this state let it he placed

with its edge CHD on a hot iron as before. It will now
exhibit the very same phenomena as thase which we have
already described, just as if it had never been touched

with the diamond. When it is in this state of contrac-

tion in the middle, and of expansion at the edges, let it

be suddenly broken through at the line MON, and it

will be found that each of its halves ABNM, MNDC,
Fig. 6. are thrown into the same state of contraction

and expansion, as when the plate was unbroken. Be-

tween E and/, g and O, O and/', g' and H, the glass

will be expanded, while between/and g, and/' and g
it will be contracted, as shewn in Fig. 7. fit j.

Hence, it is obvious, that the contraction and expan-

sion, or rather the phenomena by which they are indi-

cated, are produced by some fluid, which is decom-

posed by heat into two fluids possessed of opposite po-

larity, in the same manner as the electric fluid of the

tourmaline is decomposed by the action -of heat, or the

magnetic fluid of a piece of iron by the action of a load-

stone. All the phenomena, indeed, which are exhibit-

ed during the passage of heat through a plate of glass,

are jrrecisely the same as the phenomena which ukc
place in the communication »f niagnetical and electri-

cal polarity ; and if we admit the existence of two fluids

as the agents by which the phenomena of electricity

and magnetism are produced, we are comjiellwl to make

the same admission in the ca.se of the propagation of

heat along glass. It is not unlikely th.it the phenomena

may be produced by the mutual action of free and la-

tent heat. In our article Optics we shall have occa-

sion to resume this subject at great length, and to giv«

drawings and descriptions of the vnrious optical pheno-

mena which are produced by the singular state into

which glass and other botlies are throw n during the

propiigation of heat through their substance. Tho*
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SECT. II.

The Effects of Heal.

We now arrive at the second of the great divisions

into which we proposed to arrange our materials, the

effects of heat. The principal of these are four. 1 . Tem-
perature, or the production of the sensation of heat

;

2. Expansion, or the simple augmentation of the bulk

of a body, without altering its condition ; 3. A change

in the physical state of a body, by which a solid is con-

verted into a fluid, and a fluid into a gas; and, 4. Ig-

nition, or the operation of heat by which a body is ren-

dered luminous.

1

.

Temperature is often used rather as a generic term,

applicable to all the phenomena that bear a relation to

heat, than as a specific term, proper to designate any
one of them in particular. It is, however, not unfre-

quently used to express the power of exciting the sen-

sation of heat, or the effect which it produces on the

animal body ; and there seems to be some propriety in

establishing this restriction, because the word iieat, which
might otherwise be employed, as we have already re-

marked, is liable to the objection of being sometimes
used to express the cause, and at other times the iffect.

The temperature of a body varies according to the

quantity of heat which it contains, and may be said to

be in the direct ratio of this quantity, although the in-

dication of temperature, which we derive from the sen-

sations, is much too vague to enable us to lay down an
exact scale of admeasurement. This proportion of ef-

fect, however, only applies to the same body, or to

those of a similar kind ; for it has been found that tlie

same quantity of heat affects the temperature of diffe-

rent bodies in very different degrees. These different

effects depend partly upon the capacity of bodies for

heat, and partly upon their conducting power ; a point
to which we have already referred in a former part of
the article. The sensation of temperature is also very
much influenced by the state of the nervous system,
independent of the quantity of heat in the substance
exciting it. It is well known that when the hand is

cold, a body that is applied to it will appear hot, when
the same body would excite the sensation of cold, had
the hand been previously exposed to a higher tempera-
ture. This subject belongs more to physiology than
to natural philosophy in general ; we shall therefore
only remark, that we seem always to compare our pre-
sent feelings with our former ones, and to refer our
sensations, not to any invariable standard, but to what
we have felt just previous to the present impression.

2. The effect of heat upon the sensations, although the
one which must have been first attended to, and that
which constantly offers itself to our observation, is found
to be so inaccurate as a measure of its quantity, that we
always have recourse, for this purpose, to the second of
its effects, which we enumerated above, expansion. Ac-
cording to one of the characters of heat, which we have
already described, that of distributing itself equally
among bodies whenever two substances are brought to-
gether, which differ in their temperature, the one gives
off a portion of its heat to the other, and that which re-
ceives it becomes expanded, or has its bulk increased
in all its dintiensions. This expansion continues as long
as the body in question maintains its elevated tempera-
ture ; but when the heat is withdrawn, it begins to con-
tract, and by degrees it acquires its former bulk. Tliis

expansion occurs, with very few ^ceptions, in all bo-
dies ; but it differs extremely in degree. It is by much
the greatest in aeriform fluids of all kinds. It is less in

quantity, although still considerable, in liquids ; while
in solids, it is so small as not to be perceived, except by
the intervention of an apparatus expressly contrived to

render it visible. Not only these general classes of bo-
dies, but many of the individual substances comprized
under each of them, have very different degrees of ex-

pansive power, which has been frequently made the

subject of experiment.

The different gases have been submitted to numerous
trials, for the purpose of ascertaining their relative ex-

pansion. Priestley paid a good deal of attention to the

subject. It was farther investigated bj' Rov, Monge,
and Saussure ; and lastly, with much apparent accuracy,

by Guyton. {Ann. Chim. t. i. p. 25ti. cl icq.) Their
results, although various, agreed in the main conclusion,

that each of the gases had a specific power ofexpansion
peculiar to itself, and which is uniform for each of the

gases at the same temperature. But, notwithstanding
the weight of these authorities, a farther examination of
the subject by Mr Dalton and M. Gay-Lussac has led

to an opposite conclusion, that all the aeriform fluids

suffer the same expansion from the same addition of
heat. Mr Ualton's experiments indicate, that 100 parts

of any gas, in passing from the freezing to the boiling

point, increase to 1 37 parts, which is nearly -^-^ for each
degree: (Manch. Mem. vol. v. p. 598.) M. Gay-Lussac's
experiments were published a short time subsequent to

those of Mr Dalton ; but being made without concert

or co-operation, they are to be regarded as equalh' ori-

ginal, and they lead to conclusions so nearly similar,

as to afford the strongest evidence of their correctness.

(Ann. Chim. t. xliii. p. 137. el seq.) The source of error

in the experiments that had been performed previous to

those of Dalton and Gay-Lussac, appears to have arisen

from a quantity of aqueous vapour that had been mixed
with the gases. See Expansion.
The expansion of liquids by heat differs, in many re-

spects, from that of gases ; it is less in amount, it varies

much in different fluids, and it is found not to be in

proportion to the quantity of caloric that is added to

the heated body. If we observe the effects produced
upon mercury, water, and alcohol, by the same addition

of heat, and when they are all at the temperature of 50",

we shall find it to be, in the first of these fluids, equal

to -r^ of its volume, in the second t-ttj ^^^^ "' *^^ 1^*

yj. The comparative changes in bulk are also found

to vary for the same fluid at different temperatures,

contrary to what has been observed with respect to

aeriform bodies, the expansion proceeding, in a gradu-

ally increasing ratio, as the temperature advances.

Thus at the temperature of50°, the expansion produced

by a single degree of heat, is less than what would be

produced by a single degree of heat at the temperature

of 100°. Many accurate experiments, of which we have

given an account in our article Expansion, were perform-

ed on this subject by Deluc. He found, that in fluids the

rate of expansion is frequently irregular near the two ex-

tremes of freezing and boiling, and more equable in the

middle of thescale; and hence hededuceda practical rule,

that those fluids are the best adapted for measuring the

degrees of heat, which have the largest interval between
the limits of freezing and boiling. The general result

of our examination of the expansive power of different

fluids, leads us to conclude that it lias no connexion

with their density, but it seems rather to be related to

the quantity of heat necessary to convert thein into the

gaseous state. Thus ether is probably the most expand
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sible, and mercury the least so, of any fltiido, becnuac
they possess respectively the lowest and the highest
boilinj^ points. Recherches, t. i. p. 271, .'51 1.

V\'e have hitherto spoken of the expansion of fluids

by heat, and their consequent contnu-tion by cold, as

of" a property possessed by all bodies of this description
;

but there is one very reniiirkable exception to the gene-
ral law, that of water. Water, through a certain range
of temperature, like other fluids, experiences the usual
augmentation of bulk by an .addition of heat; but when
it is cooled down to about 40°, it seems to arrive at its

maximum of density ; and if the cooling process be far-

ther continued, it begins to expand, and continues its

expansion until it arrives at its freezing point, when it

becomes solid. By employing certain jirecautions, par-

ticulai'ly by avoiding every degree of agitation, it will

continue fluid for several degrees below the usual point

ofcongelation, and it still goes on increasing in volume,
imtil its actual solidification takes place. When a wa-
ter thermometer, therefore, stands at .50°, it is impos-
sible to know whether it be really at the temperature of
,50°, or at that of 30°, 18' above, or two degrees below,
its freezing point.

This anomaly, with respect to the expansion of water
by the abstraction of heat, was one of the discoveries of

the Florentine academicians, about the middle of the

1 7th century; but it was not much attended to, until

it was .again brought into view by Deluc. He repeat-

ed the experiment with more accuracy, and he attempt-

ed to ascertain the exact degree at which the expansion

commences. This he fixed at 41° ; and he farther dis-

covered, that the expansion is nearly equal when water

is either heated or cooled, the same number of degrees

above or below 41°: {Recherches, t. i. p. 225.) Some
circumstances which were not suflSciently attended to

by Deluc, particularly the expansion of the glass in

which the water is contained, were afterwards carefully

noticed by Sir C. Blagden, and in consequence of these

corrections, he fixed the point ofgreatest density at 39°.

{Phil. Trans. 1788, p. 125, el seq ) Le Fevre-Gineau

came to the same conclusion respecting this anomaly

in the expansive power of water, by a very different

process. He weighed a cylinder of copper in water at

various temperatures, and thus obtained the weight of

a cylinder of water exactly equal to that of the metal

which he employed. The result of this process was to

fix the maximum of the density ofwater at the 40th de-

gree. Dr Hope adopted another method of arriving at

the same conclusion, which we have fully explained

in our article Expansion. Rumford has since performed

a set of experiments upon the same principle, and with

nearly the same results. There have been some objec-

tions made against these experiments, although they

appear so correct, and were so much varied ; but upon

the whole, we conceive the conclusion to be thoroughly

established, that the greatest density ofwater is at about

8 or 9 degrees above its freezing point. The cause of

this peculiarity with respect to water is involved in con-

siderable obscurity. It appears to be connected with

the increased space which water, as well as many other

substances, occupy, when they assume tlie crystalline

form ; and we may conjecture, that some tendency to

this state takes place in water before its actual occur-

rence. See Expansion, p. 257, 2.58.

The greater space which water occupies, when in the

state of ice, has been long observed, and has been made

the subject of some curious experiments, particularly

by Major Williams, who, during an intense frost at

Quebec, actually burst a cannon, by the freezing of

only a comparatively small quantity of wiiter : (
Edin.
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Tran». vol. ii. p. 83, ti »ei].) When water i* convarUd
into the solid »tate, it r.icidnr cryntaU, which
cross each other at a d. .• luiglc ; and thu» inlnw
stice* arc left, which CMUde il to occupy more tpac*.
Dr ThomBon found, that the specific gravity of ice ii to
water at CO'', as f»2 to JOO ; nn<l hence we may oooceivs
the great force that will be exerted, when water tad*
denly expands itself, so aa to have iu gravity dimiDMlMd
in the above ratio.

The expansion of solids, which wc are now to comi- gifiiihh'
der, is much less than that of liquids, 'llie lame •!•• tlwMfh.
v.ition of temperature, which increases the volume of a
gas from 100 to l,'i7 parts, increancs that of a liquid
only to about 104 or 105 parts, while it adds to a soli<l

not more than y^',^ of its bulk. A set of cxperimcnU smMinr,-.
on the expansion of roetaU was pertormed liy .Smeatnn, ,,p, nn, n-f,
when he found, that, in pasting from the fnc/iiw/ to on uicuU.
the boiling points of water, platina was c ^ .>m
100,000 to 100,087, gold from IO(MXX)to I . i j irU,

steel to 100,112 parts, copper to 100,170 parU, silver

to 100,189 parts, tin to 100,288 parts, lead to 100,287
parts, and zinc to 1 00,296 parts : {Phil. Trans. 175*,

p. fil2.) It appears that the densest metals are gene»
rally the least expansible ; but this proportion doe* not
universally obtain.

The expansion of glass, which is a point of great im- Ddnc'f k.
portance to ascertain, as afiiecting the result of many pal
other experiments, was made the subject of careful ex»- oa

(

mination by Deluc. Supposing its bulk at 32^ to be
100,000, at 212" it was found equal to 100,083, an
expansion nearly the same with that of platina. From
this estimate we learn that glass is ex[>anded about

la aasg of its bulk by one degree of heat, and the ex-

pansion seems to be nearly uniform, for the same de-

gree of heat, through the diflierent parts of the scale.

This equal augmentation of bulk, by equal increments
of heat, is supposed to prevail generally in solids ; but,

from the minuteness of the eflect, it is less easy to aa-

certain this point, than with respect to gaaes and li-

quids.

Several of the metals expand .it the time they are Exf«aiaa
converted from the fluid to the solid form ; and this, as of

is tlie case with water, seems to depend upon the oc-

currence of a kind of crystallization, or regidar arrange- !

ment of their particles. This is said to be particularly

the case with respect to iron, and is the reason why we
are able to take sucli accurate casts, when the melted

metal is poured into moulds. It must, however, be ob-

served, that the increase of bulk, which either water or

melted metals acquire when they become solid, i« no
exception to tlie general law of expansion ; for this ap-

plies solely to bodies as long as they retain the same
state.' The only anomaly, therefore, is the expansion

of water while it remains fluid.

It is upon the expansive power which heat exercises

over bodies, that the thermometer is constructetl ; an in- ua
strument, as its name imports, employed for the pur-

pose of measuring the degree of heat, or temperature

of substances to which it IS applied, and which, conti-

dered in all its relations, may perhaps be regarded as

the most useful agent in philosophical researches of

which we are in possession. It appears to have been

invented by Santorio, the celebrated Italian physician,

who devoted so much of his attention to what has been

called statical me<licine. His instrument dcpoodad

upon the exp.ansive power of the air, and contutad of

a tube, with a bulb of considerable size, the lower «ad

of the tube being left open, and being plungeil into •

fluid, which was suffered to rise to a certain degree into

the tube. As the air in the globe was exi«nded or

vhca ibty

lid.
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contracted by tlie addition or subtraction of heat, it is

obvious that the fluid would sink or rise in the tube,

and thus mark the degree of heat. The Florentine

. academicians had the merit of considerably improving

. the appiu-atus of Santorio, by substituting alcohol for

air, and by confining it in a tube nearly similar to the

one now in use. HjJley is said to have been the first

who employed mercury, and Newton made the very

important improvement of forming a regular scale, by
which the observations might be recorded and compared

together. It is, however, to Hooke that we are indebt-

ed for what may be regarded as a still greater improve-

jnent, viz. the formation of fixed points in the scale, by
which, at all times and in all cases, thermometrical ol)-

servations might be compared together, and be, as it

were, all referred to one invariable standard. He per-

ceived that water became solid always at the same tem-
perature, and that, under the same atmospherical pres-

sure, the fluid always becomes converted into vapour

at the same degree of heat. Hence it follows, that if

we immerse a tube containing mercury first into freez-

ing, and afterwards into boiling water, we obtain two
stationary and invariable degrees or points in the scale,

which will bear the same relation to the temperature of

other bodies, whatever be the size of the instrument, or

under whatever circumstances tlie experiment is per-

formed. Having ascertained these points, the numbers
which are affixed to thein, or the number of degrees

into which we divide the interval between them, is en-

tirely arbitrary, and comparatively unimportant.

The thermoinetric scale in general use in this coun-
try was formed by Fahrenheit, in which the cypher or

zero is supposed to be indicated by a mixture of com-
mon salt and pounded ice. The freezing point of wa-
ter is fixed at 32°, and the boihng point at 212", so

that the interval between the freezing and boiling of
water comprehentls 1 80°. In France, before the Re-
volution, tiie thermometer of Reaumur was generally
employed. Here the freezing of water is the zero, or
the commencement of the scale, and boiling water is

assumed as the 80th degree. Sijjce the Revolution, the
centigrade scale is employed, which hatl been previous-

ly adopted by Celsius, a Swedish philosopher. Here
freezing water is marked 0°, and boiling water 100*.

I'crliaps none of them are without considerable objec-
tions. Fahrenheit and Reaumur's scale are completely
arbitrary ; while the centigrade has its degrees too
large for many purposes, and it has also the defect of
beginning too high, so that we have very frequent oc-
casion to employ the terms -\- and —, which may lead
to confusion. Of the three, that of Fahrenheit is cer-
tainly the best ; both because it is, in a great raeasvire,

free fixim this last objection, and because the degrees are
not too large. Nor is it of much consequence that the
commencement and termination are so entirely arbitra-
ry ; tor when we are once accustomed to it, the mind
refers to it as a term of compari^^oQ, witliout ever consi-
dering the reason lor fixing upon the numbers tlK-t are
employed.
The fluids employed in the formation of therraom«.

ters are either mercury or alcohol. Where we wish to
ascertain very low temperatures, the latter is preferable,
because it cannot be ti-ozen but by the most intense
cold, see Cold, vol. vi. p. 7S5 ; whereas mercury be-
comes .solid at —39°. But for every other pui^ose,
mercury has a decided advantage. Its exp;jniions from
the same additions of heat are more uniform ; it is

also more sensible to slight variations of temperature;
and its boiling point is so elevatetl, that it possesses a
range in the upper part of tlie scale, which is applica-

ble to most practical purposes. Except, therefore, for Kflwc«j

measuring very low temperatures, mercury is now al- He»t.jl

ways preferred. See Thermometeh. ^"V^i '•

A great deal of attention has been paid to the ques- Is meteu<4

tion, whether mercury, or any other fluid used for »" "**
thermometrical instruments, was an exact measure of'"^"*""''

tlie additions of heat ? whether the expansion was the '"'

'

same, by adding a certain quantity of heat at the lower Dcluc't e

as in the higher part of the scale.? The experiments ofP^'""*"''

Deluc on this point are regarded as the most correct.

He observed the height to which the mercuiy rose in

tlie tube, by immersing it in two equal portions of wa-
ter, at temperatures considerably difterent from each
other ; then he mixed the two portions of fluid toge-
ther, and examined whether the thermometer indicated
the mean between the two. The result of Deluc's in-

vestigation was, that no fluid is an exact measure of
temperature ; but that, in all cases, the augmentation
of bulk is in a greater ratio than the actual addition of
heat. Mercury appeared to be the most uniform ; but
even in this fluid, the temperature of a mixture of two
)x>rtion$, one at the freezing, and the other at the boil-

ing point, was 2^° less than the mean. Tlie real tem-
perature in this case is 122°, but, according to the com-
mon graduation, the thermometer stands at 124^°, (Re-
cherches, t. i. p. 311.) Hence, in order to obtain a pre-
cise measure of the increments of heat, we ought to

have a thennometei- so graduated as to allow for tliis

deviation ; and although we are not aware tliat any in-

struments have been constructed upon this principle,

yet tables have been calculated by which a proper scale

might be very easily formed.

The thermometer, however, in its most improved MetlioJ ef
form, is only applicable to a range of temperature be- detenninin

low that at which mercury boils; and although this in- '''g'' 'e™^

eludes most cases that usually fall under our observa-
''""'^<>'-

tion, yet we have not inifrequently occasion to mea-
sure much higher degrees of heat. Newton attempted Newtsn.'i
to accomplish this point, witliout any apparatus direct- theorem,

ly adapted to the purpose, by a species of computation.
He ascertained the rate at which bodies cool, compa«
red to the heat of the surrounding medium, at tempe-
ratures within the reach of the thermometer, and he
then extended the same ratio to the higher degrees of
heat. By this very ingenious method he discovered

the temperature of red hot iron, and the melting point
of many of the metals, with a considerable degree of
precision. Since his time, difterent instruments, call-

ed pyrometers, have been invented, of which tlie most
valuable, and that which has come into the most ge-
neral use, was invented by Wedgewood. In the course .„

of his experiments on the manut'acture of earthen ware, ^f^ ~
he perceived that the different kinds of eartlis, called rometer.

clays, into the composition of which a large quantity

of alumine enters, had the remarkable property of con-
tractuig by exposure to a great heat, and likewise that

this contraction Wiis in proportion to the degree of heat

employed. When the clay has once contracted, its

bulk remains permanently diminished, so that by ap-
plying it to a guage, previously graduated for the pur-
pose, we cau ascertain to what degree of heat the

piece of clay in question has been exposed. The guage
by which the contraction of the clay is ascertained, con-

sists of two straight pieces of brass, fixed on a brass

plate in such a manner that they arenearertogetheratone

end than at the other ; and thus the more the clay has
been contracted, the farther will it slip between the

brass bars. Wedgewood then proceeded to examine
the relation between his pyrometer and the common
mercurial thermometer, and he deterniuied that the
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iftrts of 0* ofhis scale was equivalent to the 1077' of Fahrenheit's
**""• were it so far extended. The dejjrees, the size of
^"^ ~ which wn» nrbitrary, were each of them equal to 130°

of FalireiilieitV ; and the highest temperature which he
actually measured was lG(y of his pyrometer, corre-

spondintf to above 21,800" of Fahrenheit, which was
found to be the temperature of a particular air furnace

which he employed in his experiments :
(
Phil. Trans.

17S2, p. SO.!, et scq.] This pyrometer has generally

been regarded as a very valuable addition to our phi-

losophical apparatus ; bat there is one circumstance

which unfortunately much impairs its use—the ditncuU

ty of procuring the same kind of clay on which Wedge-
wood operated for the test pieces, as the mass wiiich he
originally employed is exhausted ; and it does not ap-

pear certain, whether the imitation of it that has been
since prepared, is possessed of precisely the same phy-
sical properties. See Che.mistbv, p. 152.

Several other pyrometers have been invented, de-

pending upon different principles, and possessing diffe-

rent degrees of accuracy. Muschenbroek, Ferguson,

Ellicot, and Smeaton, have all exercised their ingenuity

upon this point ; but the only apparatus which we shall

farther notice is that of Guyton. In this instrument a

long rod of platina is fixed in an horizontal groove, form-

ed in a mass of clay, that had been hardened by expo-

sure to a strong heat ; one end ofthe rod extends beyond
the groove, and presses against another rod of platina,

which acts as a lever ; its longer arm being extended,

so as to form an index, which moves upon a graduated

arc. As the rod is more or less expanded by the heat,

the index is carried along the scale, and serves to point

out very minute variations in the bulk of the metal

:

{Ann. C/iim. torn. xlvi. p. 276.) We are not certain whe-
ther this instrument has ever been employed in England

;

but it appears to possess many advantages as an ac-

curate measure of high temperatures. See Pyiiometer.
3. We now arrive at the third of the effects of heat,

the change which it produces in the state of botlies, con-

verting, according to circumstances, a solid into a li-

quid, or a liquid into an aeriform fluid. The effect of

caloric, which we last described, consists in introducing

a portion of heat between the particles of bodies, by
which they are, to a certain extent, separated from each

other, so as to experience an increase of bulk, without

having their cohesion materially impaired. If, how-
ever, the addition of heat be continued beyond a cer-

tain limit, the particles are removed still farther from

each other, until at length they are so far separated, as

to lose their cohesive power, and to become easily move-

able among themselves in all directions. By this change

of form, the substance in question undergoes a com-

plete alteration in its physical properties, and not un-

frequently in its chemical action upon other bodies.

The effect is produced by destroying the balance be-

tween the expansive power of heat, and the force of at-

traction ; the former tending to remove the particles of

bodies to a distance from each other, the latter to retain

them in close contact. But although the attractive

force is conceived to be very much weakened in bodies

when they assume the fluid state, it is not entirely de-

stroyed, but is still exerted with considerable energy.

It is also to be remarked, that after a solid has re-

ceived an addition of heat, so as to convert it into a

fluid, a still farther quantity of heat may be given to

it, which has the simple effect of expansion. If, how-

ever, we continue to increase the quantity of heat af\er

the expansion has advanced to a certain length, the

body again assumes a new form, and becomes ti gas
;

VOL. X. PAIIT II.

and it now, as before, «fVer tlii^ third ch«D(«, bjr add-
ing still more heat, suffers merely an expaiuiwn in ha
volume. But the expansion in these tnree

has been already olnerved, differs considerably in it*

degree, being Rmall in the first instance, irreater in the
second, and much more so in the lasL Thin |iecnliar

quality of assuming the different statea of lolidity, U«
quidity, and elastic fluidity, may be coniidered ai a

property common to all kinds of matter; for it would
appear, that if we had the power of pro<lucing, at plea-

sure, temperatures sufliciently high and sufficiently low,
every substance that usually appears under the solid

form might be vaporize<l, and every tubatancc that

usually appears as a va|M>ur might be rcr ' - ' .lij.

When we speak, therefore, of any botly I > '.d.

ly in the solid, or naturally in the liquid sUite, we mean
no more than that, under the ordinary temperature uf
the atmosphere, or under the circumstances m which it

commonly presents itself to our notice, it is solid or
fluid.

There is, indeed, another obstacle to altenn)^ the sonw ha-
state of bodies, besides the difficulty of procurii

high or very low temperatures, that by a great i

or subtraction of heat, their chemical constitution it lil'.

fectetl, and they are either decomposed, or are dispo>

sed to enter into new combinations. Organised sub-
stances in general, both of animal and vegetable origin,

when subjected to high temperatures, are converted

into their ultimate elements ; and, on the contrarj-, io

some cases, a great reduction of temperature cause*

the constituent parts of certain bodies to separate from
each other, before they are brought into the solid form.

These, however, are to be regarded rather as inciden-

tal circumstances, interfering with particular opera-

tions, than as any fundamental exceptions to the gene-
ral law that has been laid down. It would appear, sir Janxa
from the experiments of Sir James Hall, that many of H«U'i a-
tliese apparent exceptions may be brought under the [<"'"
general rule, merely by employing strong pressure or

other mechanical means. Thus it had been supposed
impossible to melt the carbonate of lime, because at au
elevated temperature the carbonic acid escaped in the

form of gas ; but when the subsbmce was subjected

to strong compression, so as to prevent this escape of
gas, the fusion was easily accomplished.

The suddenness of the change which occurs when
Uie body receives so much heat as to convert it into

the liquid state, shews that some other circumstance

takes place besides the mere addition of caloric. And
the same remark applies to vaporization ; fur here again

no indication of the change of state can be observed,

until the actual ctiange occurs in its full extent. This

point we shall soon consider more at length ; but, in

the mean time, before we quit the subject of the change

of bodies from the solid to the liquid form, we must of-

fer a few observations upon some phenomen.! that oc-

cur when we reverse the operation, and convert them
from the liquid to the solid state. AU bodies that un-

p,'"|"JJ*
dergo this change, without having their chemical con-

bo«li«».

stitution materially altered, have a fixed point at

which they are said to freeze, congeal, or become solid ;

and except under certain circumstances, this point is

invariably the same. This is so much the case with

respect to water, that the freezing jKiint of this fluid

has been emphiyeU as one of the fixe<l degree* which ^..«

regulate the graduation of the whole scale.

it is, however, possible, by certain management, to

cool water several degl-ees below its freezing point, fi

without rendering it »olid; according to the esperi-
"

4 E
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ments of Mr Dalton, as low as 5° or 27* below the

usual point of congelation. In order to succeed in

giving water this unusual degree of cold, without con-

verting it into ice, it is necessary that it be kept in a

state of the most complete rest; for the least agitation

either prevents it from falling lower than 32*, or if it

be brought down below this point, it instantly begins

to freeze, and the fluid part rises to 32°. Black found

that by carefully boiling the water, so as to expel from

it all the air which is generally dissolved in it, it was

less easy to reduce the temperature below the ordinary

degree ; and Blagden discovered, that when water is

thus artificially cooled, no circumstance had more ef-

fect in producing its sudden congelation, than intro-

ducing into it a small particle of ice. Hence when the

freezing erf" water has once commenced, it proceeds

with so much rapidity in these experiments ; and it

may perhaps also, in some measure, account for the ef-

fect which water confined in close vessels has in burst-

ing the vessel when it freezes. In these cases the

fluid may probably descend some degrees below the

usual freezing point, before the congelation com-
mences ; a slight agitation, or other incidental circum-

stance, then causes the freezing to commence, and the

first spiculse of ice that are formed, tend to convert the

remaining part of the water into the solid state so ra-

pidly, as to produce a greater expansion, than if the

particles had arranged themselves more quietly in the

crystalline form.

The effect of a continued addition of heat to a liquid

is, as we have remarked above, to convert the liquid

into the state of vapour. This, like the fonner, is a sud-

den change, and, like it, is attended with a complete
alteration in the physical properties of the substance so

changed. A certain portion of caloric added to a body,
insinuates itself among the particles, and places them so

far from each other, as to diminish the attraction which
tmites them into the solid form, without, however, en-
tirely destroying their aggregation ; while a larger por-

tion removes them to a still greater distance, and seems as

if it entirely placed them beyond the reach of their mu-
tual attraction. The most obvious property ofthe body,
when in this vaporized state, is its power of expanding
itself in an indefinite degree, until its particles be
brought nearer together by an external compressing
force. If this external force be removed, it quickly re-

gains its former dimensions ; and hence we regard it as

a body possessed of a perfect degree of elasticity. It is

upon the elastic power which different substances pos-
sess, when they are converted by heat into the gaseous
or aeriform state, that many of the most important ope-
rations, both in art and nature, are brought about. The
force which different bodies exercise when they are re-

duced into the gaseous state, and are at the same time
subjected to strong pressure, is almost inconceivable

;

it is, in short, unlimited in its extent, and may be so
managed as to produce any assignable degree of effect.

Notwithstanding, however, the expansive power which
bodies exercise during their conversion from the fluid
to the gaseous form

; yet when they are finally brought
into this state, they are compressible. Thus, although
the conversion of water into an aeriform fluid is capable
of generating an almost immense degree of mechanical
power, in consequence of the greater space which it

then occupies, a power of which we take advantage in
the steam engine, yet the vapour, when once produced,
may be easily compressed into a less bulk, by the
weight of a comparatively small quantity of mercury.
Fartlier increments of heatj when added to the gas, wily

serve to produce a corresponding increase of its bulk ; Effect!

and this increase, as we have already remarked, is equa- He«t

ble for the same quantity of heat, and is likewise simi- ''""'Y^

lar in all the different gaseous bodies.

The point of vaporization, like that of solidification. Boiling

differs for almost every kind of liquid. There are some po'"' of

bodies that always appear in the state of gas when not '"l™'s.

combined with other substances, and no degree of cold
which has yet been applied to them has been able to

deprive them of their elastic fluidity. Yet from analo-

gy we conclude, that these bodies have nothing in their

nature essentially different from those which we observe
to assume either the liquid or the gaseous state, accord-
ing to the temperature in which they are placed ; and
we conceive, that, had we the power of employing a
degree of cold sufficiently intense, they might be ren-
dered liquid, or even solid. Ether has the lowest, and
mercury the highest vapour points of any liquids with
which we are acquainted. If we were always immersed
in a temperature above that at which ether boils, we
should never see it in a fluid state ; and if we had not
been able to produce a temperature above 670°, at which
mercury boils, we should have had no conception of this
substance being reducible into the state of a vapour.
The terms Jlxcd and volatile, like solid and liquid, are

therefore to be regarded as merely relative, and as not
indicating the absolute quality of the bodies, but point-

ing out the forms under which they usually pi'esent

themselves to our notice. But although we regard this ^"P""'*

as the most correct view of the subject, yet many che«
""' '"'

mists of eminence have supposed that there is some es-

sential or radical difference between the two kinds of
aeriform fluids, and have called them by different names;
to those that are easily reduced to the liquid state the
term vapour has been exclusively applied, while the
others have been called gases, or permanently elastic

fluids. The discussion of this question belongs more to

chemistry, than to the immediate subject of this article;

but we shall farther remark concerning it, that when, by
the effect of chemical affuiity, these gases are reduced to

the liquid or solid form, heat is extricated ; thus proving
that it entered into their constitution, and was necessa-

ry to their existence.

An important circumstance connected with the con- yapon

version of liquids into the state of elastic fluidity, is,
""" V^^^

that it is influenced by the degree of pressure to which
p"gssuf7

the liquid is subjected. External pressure thus coun-

teracts the repulsive power of heat, and as it were keeps
the particles in a state of forcible approximation. It piffereno

follows, from this order of things, that if we remove 1" '^' ^^
from the surface of a liquid the whole or a part of the '"^ ^
weight of the atmosphere, by placing it under the re-

ceiver of an air-pump, or by ascending a high moun-
tain, it boils at a lower temperature than under oi'dina-

ry circumstances. Thus water, which boils at '213°,

when the barometer stands at SO inches, boils at about
70° in vacuo ; and on the top of Mount Blanc, it was
found by Saussure to boil at about 187". As tlie tem-

perature at which different species of elastic fluids are

formed, depends so much upon the pressure which is

applied to them ; so, after the gaseous state has been as-

sumed, tlie elastic force of the vapour varies according

to the degree of pressure under which it exists. Mr Dalton'i

Dalton has made this the subject of an extensive range P'n'ncn'^

of experiments, in which he determines the height of

the mercurial column which the vapour of water will

support at different temperatures. Thus if tiie vapour
of water be taken at the freezing and boiling points, and
at 122°, which is intermediate between them, he found

1
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that the column of mercury giipported in these three ronvcrtod into • h'quiM, or a I

cases, WHS eciiial to 0.2, 3.5, ami :J0 inches respectively
By making a few experiments, nnil observing the ratio

which the nimibers in these cases bore to eacli other,

he constructed a table containing every degree ol' heat,

from 0" on Fahrenheit's scale to Ssia" : {Maiich. Mem. vol.

V. p. 5')9.) Experiments of a similar kind have been per-
formed in France by M. Bettanconr. As the boilinf;

point of liquids is lowered or raised, according as the
atmospherical pressure upon them is diminishcil or in-

creased, it has been found, that if the pressure be aug-
mented in a very great degree, as is tlie case when
water is inclosed in Papin's digester, it is capable of re-

ceiving a much higher temperature, than wliat it can
maintain under ©thcr circumstances. Water has, in this

way, been heated 200'' or 300= beyond its usual boiling
point ; and it has then acquired the power of dissolving
many substances, over which it has no action in its or-
dinary state.

It is upon the property which liquids possess, ofbeing
convertible into the gaseous state, that the processes of
evaporation and distillation depend. The first of these
is performed, when our object is to separate tlie more
volatile parts of a compound, for the purpose of procu-
ring those that are less so ; and the second, on the con-
trary, is done in order to procure the volatile part itself.

A minute account of these operations belongs more to

chemistry, and to the various branches of chemical ma-
nufactures, than to the general view which we arc ta-

king of the effects of he;it. (See Distillation and Eva-
PouATioN.) In both cases, tiie separation is effected by
the combination of heat with the liquid ; in the one, it is

sometimes produced by the heat which naturally exists

in the atmosphere, aided by a current of air, continually

presenting a new stratum to be acted upon ; and at other
times a quantity of heat is thrown into the substance by
the combustion ofsome kind of fuel. It is, however, ne-
cessary, in either case, that a large surface should be ex-

posed to the atmosphere, for the purpose of carrying oft'

the vapour as rapidly as it is produced ; for it appears
that it is principally at the surface that it is generated.

In the process ofdistillation, artificial heat is always em-
ployed, and commonly in a greater degree than where the
object is merely to produce evaporation. Here the liquid

is confined in close vessels ; and the operation depends
upon a portion of it, which is nearest the source ofheat,

l)ecoming converted into va))our, and passing up through
the other parts of the fluid in the form of bubbles, con-

stituting what is styled ebuUilion.

We have already remarked, that when a solid is con-
verted into a liquid, or a liquid into an elastic fluid, the

conversion is brought about suddenly. The substance

in question, before it changes its state, continues to re-

ceive heat, is expanded in a certain degree, and has its

temperature raised; but if an additional quantity of
heat be still given to it, tlie expansion no longer goes

on in the same manner, and the temperature is no
longer elevated, but it assumes a new form, becoming,
according to circumstances, either a liquid or a vapour.

It was formerly supposed, that this cJiange did not de-

pend upon any peculiar or specific action, but that the

mere addition of a certain small portion of heat was
adequate to effect it. Dr Black, however, perceived the

insufficiency of the opinion usually entertained upon
the subject, and was induced to investigate it with
great assiduity ; the result of which was, the establish-

ment of his celebrated theory of latent heat. The fun-

damental position of this theory is, that when a solid is

Dlttob1 f»«,
greater quantity of heat is abiior:... ... ,i tli.„i i, pg^.
ccptible by tlie sentationi, or the thennoimtrr, the rf.
fect of which is to unite with tin- •' - '-^ ut' Um bmlr,
and thus to alter its fonn. Win cantnry, t^
vapour is reduced to the state ot .. .i.j..<.., ur • liquLl Co
that of a solid, heat is diMn^aged from it, witlMNit til*

substance in question indicating any diminution of t«i».
peraturc, either to tlie aenwtion«, or to the thtnnoaM*
ter. This phenomenon ii considered to be the rcver««
of the former ; here the heat tlwt etcape* i« not sup.
pose«l to have afiecte<l the bo<ly in l! ;!iat free
caloric acts, but simply to have ma ..in the
state of elastic fluidity, or of Iiquiilit\ .

We are hence led to regard In' a .., < xisltng in two
.states that are essentially difrereiit from each other: th»
one producing temperature and expansion, and of count
capable of being measured by the tliermoincter ; Uje
other not manifesting Uiese properties, but uniting it-

self to bodies, and t-lianging their form. The former
we call free or uncombined heat ; the latter latent or
combined heat. As we ore in the habit of conceiving
temperature and expansion * to be the most certain in-

dications of the presence of heat, it recpiired a train of
minute experiments to establish a position which ap-
peared, at first view, so much at variance with our or-

din<iry conceptions, as that heat could be communi-
cated to bodies without producing these effects. The
following facts may be considered as tlie ground-work
of Black's doctrine. Let a mass of pounded ice, cooled

several degrees below tlie freezing point, be exposed to

the heat of a furnace, so that it may receive eciual (juan.

titles of caloric in equal intervals of time. Ihe ice, m
it receives the heat, becomes warmer at each succes-

sive interval, until the whole acquires tiie temperature

of 32° ; but now, although the heat still remains ap.

plied as before, the ice acquires no additional warmtli.;

it still indicates 32^ to the thennoracter, but it i* ob-

served gradually to dissolve. No increase of tempera-

ture takes place until the whole is rendered fluid, and
then it again begins to grow warmer, and as before ac-

quires successive increments of heat, until it arrive* at

the 212th degree. Here, again, the process ceases ; and
whatever quantity of heat be sent into the fluid, its

temperature remains unchanged ; but now the fluid is

observed gradually to assume the state of vapour, until

the whole of it is converted into the aeriform state.

Now there is every reason to conclude, that in this caia

the ice and water continue to receive equal quantities

of heat for the whole period ; yet during some part of

the process, the thermometer remains stationary. At
this very time, however, the change of form occurs ;

and therefore it is natural to conclude, that it is con-

nected witli the absorption of a portion of heat, which,

in consequence of its not producing either temperature

or expansion, has obtained the name of latent. The le-

IxtVMI
trnmd

Proof.W
the ihtoiy

of Utcal

beat.

fcpai:

gitimate inference is, that a certain quantity of caloric,

which would otherwise have be<>n employe*! in produ-

cing temperature and expansion, is necessary in tiie one

case for melting the ice, and in tlie otlier for vaporizing

the water.

What we have now stated may be regarded as the Dcdodiaa*

foundation of the celebrated theory of l.ttent beat;froaik*

which has been universally received, as aflording a aa> «*>«"«7'

tisfactory explanation of some of the most intereatioc

phenomena that occur in the system of nature. A
number of very important conse<iuences were immedi-

ately deduced from it, of which we may enumerate the

• It will be seen, in another part of this article, that cxpanrioM anU coQtnoliOM are pradoccd by lw»« in glan and other •ubttanCM

where it dot» n^t txut in a sensililc itotc^ See page 677.—Eo.



684 HEAT.
ffects of two following, as those the most deserving our atten-
HeaL tion:

Capacity

for heat.

Specific

heat.

1. WTien solids become liquid, and liquids become
elastic fluids, a quantity of heat, previously latent, be-

comes sensible, and may be now measured by the ther-

mometer, although before it was not capable of aftecting

this instrument. On the contrary, when vapours are

converted into liquids, or liquids into solids, a portion

of heat, which was previously in the uncombined state,

is now absorbed or rendered latent. In the former

process, therefore, warmth is produced ; in the latter.

Cold is generated.

2. Substances which are at the same temperature ac-

tually coHtain different quantities of heat. Ice just be-

fore liquefaction, and the water which is formed, are

both at the temperature of 32°, and steam is no hotter

than the boiling water from which it is produced ; so

that the water and the steam both contain a large quan-
tity of heat, in the combined or latent state, which they
have absorbed in order to cause the fusion of the one,

and the vaporization of the other. This property in

bodies, of indicating the same temperature when they
contain different quantities of heat, is denominated their

capacity for heat ; while the quantity of heat which they
require to bring them to the same temperature is called

their specific heat, in opposition to the real quantity,

which is stiled their absolute heat.

It would carry us far beyond our prescribed limits,

were we to give an account of all the experiments
which were performed by Black, for the purpose of
establishing his theory, and of repelling the objections

.Tgainst it. They consisted, in the first place, in com-
paring the effect produced by the same quantity of heat
upon bodies which possessed different capacities, as ice

and water. When the same weight of ice and water,
both at the temj)rrature of 32°, were suspended in an
atmosphere of 47°, the water rose to .S9° in 30 minutes,
while the ice required ten hours to become liquid, and
to acquire the same temperature. The ice therefore was
21 times as long as the water in acquiring the same de-
gree of warmth, and we may conclude that it would
absorb 21 times as much caloric. While the number of
degrees gained by the water was no more th.in seven,
the number that entered the ice would be 147° ; but of
these only seven were employed in warming the sub-
stance, the rest was expended in melting it. Hence we
should say, that when ice is converte<l into water, 140°
of caloric are rendered latent. The same general con-
clusion was obtained by a different process. When two
equal portions of water, at unequal temperatures, are
mixed together, the mixture indicates the mean tem-
perature of the two portions ; thus a pound of water
at 32°, and a pound at 172", produce a mixture which
indicates 102°; but if we mix a pound of ice at 32°,
with a pound of water at 172°, the iee is melted, but
the temperature of the fluid is not raised. Hence the
140" of heat are all employed in thawing the ice, and
thus becomes latent

€oW pralu- The absorption of heat that takes place when solids

'i^r^^r^'
^^^ '"^'^fi'l' o^ liqui<Is evaporated, and the discharge of
heat that occurs in the reverse operations, are often
employed in different processes, for the purpose of cool-
ing or warming bodies. The effect of evaporation in
generating cold is well known, both as it affects the
.sensations, and as it actually reduces the temperature
of substances. In hot climates, fluids and various ar-
ticles of diet are preserved at a temperature consider-

porsuon.

ably below that of the atmosphere, by placing them in EfTectgcj

vessels, from the surfiice of which evaporation is con- Heafc

tinually going forwards; and by the proper manage- "~^^
ment of this process, even ice is formed in considerable

quantity, for the purposes of domestic economy, at a
temperature some degrees above the freezing point.

By means of the evaporation of ether, water is easily

frozen at the imedium temperature of our climate, and
indeed a degree ofcold may be generated far below that

of the freezing point. A still greater diminution oftem-
perature is produced by a solution of certain salts ;* a cir-

cumstance which depends partly upon the heat that is

rendered latent by the conversion of a solid into a li-

quid, and partly by the mixture possessing a greater

capacity for heat than the ingredients in their separate

state. To these two circumstances, the change of state

which bodies experience, and the change in their ca-

pacity, as depending either upon this alteration in their

state, or upon the new combinations into which they
enter, we ascribe the increase of temperature which oc-

curs in a variety of chemical operations, where caloric

is not introduced from any external source. The heat,

which is excited by combustion, is to be attributed to

the latter cause, the change of capacity in the substan-

ces; the products of combustion, particularly the car-

bonic acid, being supposed to possess a less capacity

than the carbon and oxygen before their combination.

The cases in which the conversion of a body from Heat pr».

the liquid to the solid form actually produces an in- cUiced by

creiise of temperature, are not very numerous ; but there soiidiiioii.

are not unfrequent instances in which the rate of cool- """•

ing is obviously retardetl by this process. And in no
operation is this more remarkable than in the n.'itural

freezing of water. When water is exposed to the in-

fluence of external cold, its temperature sinks in pro-

portioji as the heat is removed from it, until it arrives

at S2° ; the refrigeration is then suspended, but the

water begins to become solid, and the temperature re-

mains stationary, until the freezing is completed ; then

the cooling recommences, and is continued until tlie

ice arrives at the temperature of the surrounding me-
dium. The freezing of water, however, under particu-

lar circumstances, affords an example of the actual evo-

lution »)f heat. This takes place in that case which has

been described above, where water has been cooled be-

low 32° without becoming solid ; if it be then agitated,

or a small spicula of ice be introduced into it, tlie

congelation tiikes place with great rapidity, and the

portion of water which still remains fluid instantly

rises to 32°. An experiment of an analogous kind

may be performed on the crystallization of salts. By
proper management, a warm saturated solution of the

sulphate of soda may be cooled for several degrees,

without any of it beginning to crystallize ; if the vessel

be then slightly shaken, the process suddenly com-

mences, and a large part of the salt immediately be-

comes solid, in consequence of which the temperature

will be very sensibly raised. The general law, both in

this and the reverse operation, is, that the most power-

ful effect, either ofheating or cooling, takes place when
the process is performed with the most rapidity, when
the substance that has its state or its capacity changed,

has its equilibrium with the neighbouring bodies re-

stored in a short space of time, and therefore most per-

ceptibly affects their temperature.

The same kind of experiments which Black perform-

ed to establish the absorption of heat, when a solid is

See Walkei's cxpcriownts on freezing mixtures, Phil. Trant, 1801, p. 120 ; and our article Coin, vol, vi. p. 733, 734.
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converted into a Hquul, he nftcrwards made on thecon«
version of a liquid into an elastic fluid. He aliin nt<

tempted to ascertain the exact quantity of heat wliich

is rendered latent in this operation, in which he was
essentially aided by Mr Watt ; and the result ofHhcir
inquiry was, that when water assumes the state of va-

pour, it absorbs y.iO" of caloric. * This number he ob-
tained in two ways : 1 st. By comparing the heat ne-
cessary to ^aise the temperature of a certain por-

tion of water to the boiling point, with the effect

produced by an equal addition of heat in after-

wards evaporating the water ; and, 2dly, By finding

what quantity of caloric was extricated, when steam

is reconverted into water by condensation. We have
already mentioned, that when water is strongly com-
pressed, as by being inclosed in I'apin's digester, its

temperature may be raised far above the boiling point,

without its assuming the aeriform state. In tliis case

its tendency to evaporation is mechanically prevented,

by the particles not being allowed to separate from each

other ; and therefore as it cannot alter its form, its ca-

pacity remains the same, and its caloric all continues

to be in the uncombined state. But if the pressure be
suddenly removed from the water, its particles now
being at libertj- to expand themselves, they unite to a

portion of the heat, instantly assume the elastic state,

and the remainder of the fluid sinks to 212°.

We have already explained, in a general way, the

meaning of the term capacity for heat, and the differ-

ence between the absolute ant! the specific heat of bo-

dies ; but we must illustrate the subject with a little

more minuteness. As a foundation for our reasoning,

it may be assunied, that when equal quantities of the

same substance, but at different temperatures, are mixed
together, the temperature of the mixture indicates that

of the arithmetical mean of the two ingredients. This,

however, only applies to bodies of the same kind ; for

when different substances are employed, it is impossible

to predict what will be the temperature ofthe mixture.

Thus if a pound of water and a pound of mercury be

mixed at different temperatures, the result will not

he the mean temperature ; but it will be found that the

mercury loses 28°, while the water gains only 1*.

Water is therefore said to have 2<S times the capacity

for heat that mercury has, because it requires 28 times

as much to produce the same change of temperature

;

or, to use a different, and perhaps a more correct phra-

seology, we say that the specific caloric of water is to

that of mercury as 28 to 1 . Proceeding upon this prin-

ciple, and taking water as a standard ofcomparison, nu-

merous experiments have been made on the specific

heat of various substances, particularly by Crawford,

Irvine, and Wilcke.

The method employed by Crawford was to mix to-

gether, at the same temperature, the substance to be

examined and water, the specific heat of which is con-

sidered as one, being that with which all the rest are

compared. He then multiplied the weight of each

body by the number of degrees between its original

temperature, and the common temperature obtaineil by

their mixture, and the capacities will be inversely as

the products: {On A/iirmd Heat, 2d edit. p. 96, et

seq) It is generally more convenient to employ a de-

finite weight of the substance to be examined, tlian to

measure it by its volume ; but when we examine the

specific heat of equal volumes of different bodies, we
find the same )vant of correspondence between the re-

HEAT. M5
sulU, M at to prore that the capadtv for h««t ia MtaiiT
property which bearn no (

\

'l<erphr* •*•*
»ical quality. In the perfu rimenta, '^"f"^^
much dexterity is requisite, ui unit r to vnmre even a
tolerable degree of aeiiirncy ; and after all, the re«idu
of different trials, made iipon the name itubtrtanoe, will
not always lie found to correspond, yi't ther* mrm* to
be no doubt of the correctness of thi ' in
many cases, we may conceive that w<- .p-

proximation to the truth. Seef'n i

Mr Leslie has pro|Hne<l anotl.i
i,^i«> «.

ing the specific heat uf bodies , it e<in<i.<tii ni ci><n|ianng MimUkk
the time which they or copy in em>ling with tfir cool-

ing of water placed under precisely the »nmr
stances. The apparatus which he employed v.

glass globe, furnished with a neck capable of ri-ceivmg
a delicate thermometer. He observed the time ni-cea-

sary for water to cool a certain numlx;r of degrres in
this globe suspended in the air, then he fills the innlru-

ment with another fluid, the specific heat of which he
wished to examine, and heats it to the same degree, and
suspends it in air ofthe.sameteni|u.'rature, and ot>serrea

the time necessary for it to cool the same nunil>er of
degrees. It was found, that, under the same circum-
stances, water cooled in 70 minutes, while oil required

32 minutes only ; therefore, by estimating water at uni-

ty, as the standard of comparison, the specific heal of
oil will be .46, if we estimate it by iMilk, or .5 if we
estimate it by weight. Inquiry, p. 1 70.

The great diHiculty there is in executing e.xperi-
[ ,tbMjj

ments, like those of Crawford's, where the substances vmI La-

are mixed together, and the specific heat calculated pbei'x

from the temperature of the mixture, induced Lavoisier

and Laplace to attempt to solve the problem by a new
method. They proceeded ujkjh the fact, tliat when
ice is melted it must always absorb the sjmie quantity

of heat, and therefore that the caloric which is disen-

gaged from any body, by a change in its form, or from
the union of two or more bo<lies, may be accurately

measured, by placing the substance in such a situation

as that all the heat must necessarily pass into a stratum

of ice ; and from the amount of water produced by the

melting of the ice, the quantity of heat given out may
be estimatetl. The appiu-atus which they invented to

accomplish this purpose, they called a cnlorimeler ; it

consists of three vessels incloseil one within another,

so as to leave a cavity between eacli of tiiem. The sub-

stance which is to be the subject of ex|>eriment is pla- Kij. 1.

ced in the innermost vessel ; the second is fillet! with

pounded ice, and is provided widi a tube at the bottom

through which all the water that is formed is conduct-

etl into a suitable vessel, where it may be collected and

measured. The outermost space is also fille<l with ice,

in order to preserve the interior of the apparatus at

the proper temperature : (Afr^n. Acad. Scirn. 1780, p.

Sb'S.) This instrument is cohstructe<l upon scientifac

principles, and seems both simple and ingenious ; yet

we are informotl that there are some circumstan-

ces which interfere with its practical utility, and we
believe it has never been employe<l except by the in-

ventors. See Wedgewood in P/iil. Trans. 17ti4, p.

371, et seq. ; and ( hemistkv, vol. vi. p. 15+.

The capacity of gaseous bodies for heat, like that of Cip«dty oi

liquids and solids, varies accordmg to the n.iture of the '•'•I

individual gas ; but the determination of their resjHfc-

tive capacities requires a delicacy of exjHjriment, pro-

portionate to the difficulty of operating upon lubatanoM

Calorim^
I»r.

PlATK
CXLL

• The late .Mr Southern found, from numerous experiments, that the latent hcit of itcim at the^ iem|)crilur«i M9". rC.aad

895°, is 9 12°, 9U\ and 9 «". See Mr Watt's Annotations oa Dr HobUon'j article SiM« in Robuon s Sj!Um -/ «ccA.«.c 4I / **«.

nphjfy vol. ii. pk 166.—En.
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of so subtle a nature. It has, liowever, been attempt-

ed by Crawford, and prosecuted by him with much
perseverance and ingenuity, and made the foundation

of some very important doctrines, both in chemistry

and physiology. It must indeed be confessed, that

the extreme nicety of the process necessarily makes tlie

conclusions liable to much uncertainty; yet the general

results have been, for the most part, acquiesced in, al-

though they have been considerably altered since they

were originally brought forward. Of late, however,

they have been controverted by MM. Delaroche and

Berard, who have published a very elaborate set of ex-

periments, which they performed upon the specific

heat of the gases, in which they employed an appai-atus

of a new construction. It is in fact a calorimeter ; but

instead of measuring the heat which is extricated by
the quantity of ice which it will melt, they endeavour

to ascertain what quantity of heat the gas will impart

to a mass of water ; and for this puqiosc a current of

the gas is sent along a serpentine tube, which traverses

a cylinder of water. The instrument appears to us to

be very complicated, and to require a great share of

manual dexterity in the operator, a circumstance which
we always consider as very objectionable : {Ann. Chim.

Ixxxv. 72.) But although their results differ considerably

from those of Crawford, they agree with him in the

general principle, that the specific heat of the gases is

different from each other, whether we attend to tlieir vo-

lumes or their weights, and that there is no relation be-

tween the specific gravity of tlie gases and their specific

heat. See Description of Plates at the end ofth#Volume.
Besides the diffei'ence in their capacities for heat,

which gases possess in consequence of a difference in

their nature, tliis property is also much affected by the
degree of compression which they experience, or is in

proportion to their density. It is consequently ob-
served, both in experiments performed for tiie purpose,
and in many natural processes, that the sudden con-
densation of air generates heat ; and, on the contrary,

that sudden dilation produces cold. Whenever an ex-
pansion of air takes place, either from tlie removal of
pressure, or from any other cause, the particles are
more widely separated from each other, in consequence
of their elasticity being now at liberty to exert itself;

and it would appear, that a quantity of caloric neces-
sarily rushes in to supply the vacuity. This, although
merely a mechanical view of the subject, appears to be
rendered probable by the fact, that the emission and
absorption of heat are respectively produced by causes,
which can only be supposed to act, by bringing the
particles of the gas nearer together, or removing tliem
farther asunder. If a thermometer be placed in the
receiver of an air pump, and the air be quickly ex-
hausted, the mercury will sink several degrees; and if,

on the contrary, air be rapidly condensed by the ap-
propriate apparatus, the mercury is considerably ele-
vated. (Dalton in Manch. Mem. vol. v.p.515.) The heat
which is excited by condensing the atmosphere in the
barrel of an air-gun is well known ; and by employing
it in the most advantageous manner, sufficient heat
may be extricated to set fire to a piece of tinder. If a

fjart of the apparatus be composed of glass, a flash of
ight is perceptible, when the stroke of the piston is

made with great force and rapidity. The effect of the
rarefaction of air in promoting the absorption of heat, is

•well illustrated in Professor Leslie's new method ofform-
ing ice. ( See our article Cold, for a full account of this
process.) In this process, water is placed in a shallow
dish over a vessel containing sulpliuric acid ; the whole
being enclosed in the receiver of an air-pump, and a

vacuum produced. As the exhaustion proceeds, the EfTectic

quantity of heat abstracted from the water, in order to Uett, i

supply the evaporation, quickly converts the whole """Y*

into ice. Tlie sulphuric acid, in this case, promotes
the effect, by its attraction for the aqueous vapotn-,

which it absorbs as fast as it is generated. A still

more striking effect of evaporation has been exhibited

by Dr Marcet. He enclosed a quantity of mercury in Marcet'i

a bulb of thin glass ; this was wrapped up in cotton, "^^perimi

which was soaked in the very evaporable fluid, the sul-
°" "'^""f

phuret of carbon ; the apparatus was then placed un-
der tlie receiver of an air-pump, and the exhaustion

produced, when the mercury was completely frozen :

{P/iU. Trans. 1813, 252.) The ingenious instrument WoIIastto
invented by Dr WoUaston, which he called the cri/o- cryophoHB

phorus, acts upon the same principle. It consists of a

glass tube of some length, each extremity of which ter- Plate
minates in a globe jibout one incli in diameter, and cclxxxth

bent at a right angle to the tube ; one of the globes is tig- 10.

half filled with water, while all the remainder of the

apparatus is carefully exhausted of air. If the empty
globe be plunged into a freezing mixture, the aqueous
vapour with whicli it is filled is so rapidly condensed,
that a portion of the water in the second globe is im-
mediately frozen. Phil. Trans. 1813, 71.

The condensible vapours, such as the steam of water, Watt on 4
are more expansible than the permanent gases ; and it capacity ot

has therefore been conceived, that they will acquire a "^*'"'

greater degree of heat when they are permitted to en-

large themselves, by removing from them the pressure

of the atmosphere. Mr Watt proved that this was the

case, in some experiments which he performed on the

distillation of fluids in vacuo; a process which has Ijeen

recommended as an economical project, in consequence
of the smaller quantity of caloric which is necessary,

under these circumstances, to convert the liquid into a

vapour. But this he found was counterbalanced by the

greater capacity for heat of the vapour, when in its

most rarefied state. By taking off a considerable part

of the atmospherical pressure, water could be distilled

at a teinperature of 100°; but its latent heat then ap-
peared to be 1048°, instead of 8tO°, the hitent heat of
steam generated in the atmosphere. With the most
perfect vacuum that could be formed, water may be
distilled at 78° ; but then the latent heat is still farther

increased, so as to be about ISOO". Mr Watt estimated,

that when water is converted into a vapour, under the

ordinary pressure of the atmosphere, it is expanded in-

to about 1800 times its former bulk. Phil. Trans. 1784,

335 ; and Black's Leclurcs, vol. i. p. 190.

Dr Crawford, from his experiments on the specific

heat of bodies, was led to form the conclusion, that

while their state remains unchanged, their specific heat

continues to bear the same relation to their absolute

heat. Taking water as the standard of comparison, if

we can discover what proportion the specific heat of

this fluid bears to mercury at the usual temperature of

the atmosphere, we may suppose that the same propor-

tion will exist at all temperatures. Upon this principle

was founded the proposal of Irvine, for ascertaining the
']^g""J'

real zero, or that point of the thermometric scale at ^gj^^

which, if it be supposed to be sufficiently extended, bo-

dies would be deprived of tlie whole of their heat. Thus
it had been found by experiment, that the capacity of

ice is to tliat of water as 9 to 10, and the actual quan-
tity of latent heat in water M-as estimated at 1400;

therefore ten times 140", or 1-1 00" below the freezing

point, was supposed to be the temperature at wliich wa-
ter is absolutely deprived of all heat. (Nicholson's Che-

mislry, p. 16; Crawford On An. Heat, p. 435.) The
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proposal of Dr Irvine is certninly inRpnioun; but we
conci'ive tlie problem to be one, which we are still very

^ ^ far from being able to solve with any degree of accura-
cy. Indeetl, the fundamentJil positions, upon which the
whole hypothesis rests, arc themselves very dubious,
and the experiments which have been performed on
the subject by different philostophers, have been attenil-

ed with such very <liscordant re.sults, as to show, that
either the theory or practice must be extremely imper-
fect. Besides Irvine's, the principal experiments which
were performed, are tliose of Crawford, Cladolin,

Lavoisier in conjunction with Laplace, and Seguin.
Of these, Gadolin's seem to have been executed with

doliii's
^'^^ greatest care and accuracy, and they approach tlie

jni. most nearly to those of Irvine. His method was to as-

ts- certain the capacity of common salt, and also of its so-

lution in water, and then he observed the degree of cold
•which is produced daring the solution. He afterwards
examined the quantity of heat which was absorbed by
the mutual action ofcommon salt and snow, and the heat
extricated by the mixture of sulphuric acid and water

;

an<l, by comparing these with the capacity ofthe bodies
before tlieir union, he endeavours, as before, to deter-
mine the proportion which their absolute bore to their

8])ecificheat. (Crawford on /f;i.//fffl/,p.457,c/sey.) Lavoi-
sier and Laplace em|)loyed the calorimeter, to measure
the quantity of heat disengaged during the mixture of
certain substances, comparing this witj> the capacity of
the bodies separately ; but it wouki appear, that tJieir

experiments were more liable to inaccuracy than those
of Gadolin, and their results are completely at variance
with each other :

(
Mem. Acad. Scien. l~SO, p. 384, e/ seq.)

Mr Dalton has attempted to discover the real zero, by a
calculation depending upon his idea of the constitution
of an aerifonn fluid, and the relation which subsists be-
tween its basis, and the caloric which enters into its

composition. W'itliout attempting a detiil of his hypo-
thesis, we shall merely state his conclusion, that the
absolute quantity of caloric in elastic fluids at different

• temperatures, is in the direct ratio of the cube roots of
their bulk at the same temperature:

(
Mnnch. Mcm.vol. v.

p. 601.) How far this hypothesis may have any foun-
dation in fact, we do not feel at present competent to

decide ; but it has been asserted, that exjjeriments

made upon this principle at different temperatures,

and upon various substances, do not correspond to each
other.

Use of From the remarks that have been made, it will ap-

I capacity pear, that Dr Black's discovery of the existence ofwhat
boUies. he called latent heat, or of a diff'erence in the capacity

of bodies for heat, is a fact completely established by
experiment, and one of the most important in the whole
range of chemical science. Very different opinions,

however, have been entertained respecting the manner
of accounting for the fact, and especially the question

has been warmly agitated, whether the absorption of
heat when a solid is converted into a liquid, is to be re-

garded as the cause or the rffect of this change of state.

, Dr Black conceived that it was the cause of the change
;

that the body in question, as for example, a portien of

ice, being exposed to the influence of caloric, this prin-

ciple necessarily enters into it, becomes combine*! with
its particles, and is not capable of producing any eflc-ct

until it be again extricated by the liquid changing its

fonn, or entering into some new combination. Dr Ir-

vine adopted the contrary opinion, and regarded the ab-

sorption of heat as the consequence ofa change of capa-

city which the ice umiergoes when it is convertwl into

water, which change of capacity necessarily causes il to

absorb, and render latent a quantity of heat : ( Black's

Led. vol. i. p. 104:) Dr Irvine'* opinion Mirr* tt> be
supported by the fact, that there actuidly in tlii» diffe-
rence of capacity in the substance ; but then it doeii not
appear to as,sign any cause for the change ofatate which
tliel>o<ly undergor<. If we adopt it, we are obljged to
assume as a principle, that when the solid is so ititiinted

as to receive above a certain quantity of heat, itt parti-
cles are suddenly force<l to a considerable dittance from
each otlier, in consequence of something peculiar in ic«

nature aiul constitution ; and that when this separation
has been effected., the capacity becomes increased, and
the caloric of course absorbed Dr Black conceived,
that the caloric was united to the body by a power simi-
lar to chemical attraction; and ifwe adopt tnis opinion,
it would follow, tliat at certain temperatures substances
acquire different degrees of affinity for heat, and form
with these quantities an intimate union, which renders
it no longer cognizable by the ordinary means.

4. The last effect of heat, which yet remains for us to ^
consider, is ifrnition. Ignition, or, as it is sometimes
calleil, incaiulcscence, is the property which some bo-
dies possess, after being ex|X)sed to a high tero}>erature,

of becoming luminous, without any chemical change
taking place in their composition. In this respect, it

diflTers essentially from combustion, where the body
extricates light, but where it is found to have experi-

enced a complete change in its chemical nature. Com-
bustion also differs from ignition in another particular,

that, in the former process, the co-operation of the at-

mosphere, or some other external substiince, is neces-

sary ; whereas the latter is capable of existing witliout

the intervention of any other bo<ly. It has been con-
ceived, that, by proper management, all solids, and
even liquids, may be rendered luminous, or brought
into the state of ignition ; and Mr Wedgewood per-

formed some experiments, which lead to the conclu-

sion, that they all undergo this change at the same
temperature. Many philosophers have attempted to

find out the exact degree at which ignition commences

;

and although their processes do not furnish precisely

tlie same result, yet they correspond so far, as to ren-

der it probable, that it must be somewhere between
the 800" or 1000° of Fahrenheit. Mr Wedgewood Wedge-

supposes, that a body becomes iust luminous in the *
.

'
**"

It ,. rtii ,1 -.11. PCXUUCatSa
dark at 947° ; and that a full red heat, visible in open "^

daylight, takes place at 1077'. According to the inten-

sity of the temperature, the colour of the ignited body is

altereil. At first, it exhibits what has been calletl a cherry

red ; afterwards, the red acquires a yellowish tinge ;

and, lastly, all colour disapjiears, and wc have only a

brilliant white light : {Phil. Trans. 1784-, p. 370.) It

is generally supposed, that aeriform fluids are not ca-

pable of being ignited. A quantity of air, heatitl to

such a degree that a piece of metal, when suspended in

it, was rendered luminous, was itself quite invisible.

Respecting the cause of ignition, two opinions have CaoM of

prevailed ; the first, that light is a modification of beat, Iguitioti.

and that, at a high temperature, the one becomes con-

verted into the other ; the second, tliat light actually

exists as a component part of different botUes, and that,

when the body is strongly heated, the light is propel-

led or diseng.iged from it. It is perhaps impossible to

adduce any direct arguments in favour of either of these

h> potlieses ; but the general relations of heat and light

are in many respects so different from each other, that

we are induced to adopt the opinion which supposes

them to depend upon the agency of principles essen-

tially dissimilar. This, however, we advance as a

doctrine which must be confirmed or refuted by future

observations and experiments.
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SECT. iir.

Sources of Heat.

After having described the properties and effects of

heat, we must now give an account of the sources

whence it is derived. Tliose that are usually enume-

rated are the following : the rays of the sun,—combus-

tion, a change in the capacity of bodies, and their

chemical union,—the mechanical means of producing

heat, as friction, percussion, and condensation,—and.

Solar heat, lastly, the electric and galvanic discharge. The great

source of heat to our world, and probably to the rest

of our solar system, is the radiant caloric which is pro-

jected from the sun. When a sufficient number of rays

are collected into one spot, either by a concave mirror,

or by a convex lens, the most powerful heat is excited

of which we have any conception ; and we are capable

of producing effects by it, which we cannot otherwise

accomplish. The effect, however, is necessarily con-

fined to a small spot ; and therefore it can onlj' be em-
ployed in refined operations of analysis, or for the pur-

pose of delicate philosophical processes. It would ap-

pear, from an experiment of Rumford's, that the great

heat excited in these cases, depends entirely upon the

concentration of the ra3's, and not upon any change in

their nature ; because, when he directed a certain por-

tion of the sun's rays against a substance adapted for

absorbing them, the total amount of heat communi-
cated to it was the same, whether the rays were re-

ceived on the surface in a diffused state, or brought
into a small focus.

The most important supply of heat which we have
it in our ])ower to produce at pleasure, is that which
depends upon combustion. Nearly all the heat which
we employ for domestic and manufacturing purposes,
proceeds i'rom the burning of fuel ; an operation of a
strictly chemical nature, in which a union takes place

between the fuel and the oxygen of the atmosphere, the
result of which is a combination of the combustible
matter with the oxygen, and the extrication of a quan-
tity of heat and light. It has been a much controvert-
ed question, whence does the heat proceed in this ope-
ration ? The discussion is strictly chemical, and must
therefore be dismissed with a few observations. A part
of the heat liberated probably depends upon the less

capacity of the product of combustion, than of the
substance supporting it, i. e. of carbonic acid, than of
oxygen and carbon separately ; but there are instan-
ces in which the quantity of heat extricated appears to
bear no proportion to the bulk of the materials con-
sumed, or of carbonic acid formed ; and hence we are
induced to conjecture, that heat exists as an ingredient
in combustible substances, and is disengaged from them
in consequence of the changes of composition that take
place. It has been supposed, that, besides what ne-
cessarily belongs to it as a gas, oxygen contains caloric
as one of its constituents, which is liberated by a kind
of precipitJition ; and the phenomena which attend the
detonation of gunpowder lead us to conclude, that ca-
loric also enters into the composition of the nitric salts,
and others that possess similar properties. Of the heat
produced by a change of capacity, in consequence of
an alteration in the state of a body, or of new combi-
nations, we have already spoken at sufficient length in
the last Section.

°

There are few subjects connected with heat, which
are more inexplicable; than the manner in which it is

Heat pro-

duced by
mechanical

generated by those means which appear to act mecha- Soureo

nically, as friction, percussion, and condensation. The Heat

latter of these operations, condensation, has already ^"7*^
come under our notice, in treating of the change of ca- ^j™ ""*!

pacity which gases experience, according as their par-

ticles are compressed together, or allowed to expand
themselves ; and the same effect, at least to a certain

extent, seems to follow from the condensation of solids.

A very familiar instance of this occurs in the heating
of a bar of iron merely by repeated hammering, where,
by a few smart blows on the anvil, the smith is able to

produce a sufficient extrication of heat to kindle a match.
It is, however, known that iron does not possess this

property of producing heat by being hammered, unless

it has been previously heated for some time in the forge,

and suffered to cool slowly in the air ; and that, after it

has been hammered, and lost part of its heat, its texture

seems to become harder, and it is rendered less flexible

than before the operation. The rolling out of metals
into thin sheets or leaves, and the drawing of fine wires,

likewise excite heat, which is to be referred to the com-
pression the substance undergoes during these various

operations. In all these cases there is some reason to

suspect, that the bodies have had their capacity dimi-
nished, and that the heat, which becomes sensible, is to

be assigned to this change. The effect of percussion Petciuiigi

may perhaps be explained on the same principle, as we
may conceive, that, whenever percussion takes place, it

must cause a proportionate condensation. It is to be
remarked, that liquids seem to be incapable of extrica-

ting heat, either by any attempts at condensation, or by
any kind of percussion ; and as thej' are supposed to be
nearly incompressible, we may conceive that their ca-

pacity is not liable to be affected by these means. Cas-
es, however, which are readily compressible, are capa-

ble of having heat extricated from them, to a consider-

able amount, by condensation ; and here we suppose
that their capacities are changed, and in this way we
account for the effect.

This mode of reasoning will not, however, apply to FrictioiL

the extrication of heat which is caused by friction. The
power of friction in producing heat, in various mecha-
nical operations, is the subject of daily observation, and,

if not prevented by diflerent expedients, produces the

most fatal consequences. The motion of wheels, and
pulleys upon their axes, excites a degree of heat, which
would quickly set fire to the machinery, was it not pre-

vented by the application of different lubricating sub-

stances, which diminish the friction, by interposing be-

tween the hard surfaces a body which readily yields to

the impression. The quantity of heat generated in

these cases is so considerable, and seems so dispropor-

tioned to any effect that can be attributed to a change
either in the capacity or chemical nature of the body
employed, as to have been always regarded a serious

objection to the hypothesis, which regards heat as a

substance capable of being transferred from one body
to another, like other material agents. The objection

was reduced to a more palpable form by Rumford, who R""uord»

estimated the exact amount of the heat, which was pro-
^,jJ,"'"

duced by a certain degree of friction, where all other

extraneous sources for its admission were carefully

guarded against. A piece of brass was fixed in a ma-
chine used for boring cannon, and a steel cylinder was
pressed against the brass, with a weight equal to 1000
lbs. and then made to revolve on its axis with a given

velocity. After some preparatory experiments, the ap-

paratus was all inclosed in a vessel of water; and after

the friction had been kept up for some time, the water
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of was actually broujfht to the boiling heat. Here a very

considerable ({uantity of heat was liberated, and tlie

only mechanical change elfectetl upon the materials wan.
that a quantity of brass turnings were formed; but nei-

ther these, nor the cylinder itself, appeared to have ex-
perienced any change, except a slight degree of com-
pression. Ilumford found by experiment, tliat the ca-

pacity of these turnings would not be ufTectetl l)y the
operation ; and the effect of the compression, which the
met;il had experienced, must have been very inconsi-

derable. Yet the power of the substance to extricate

heat was apparently unlimited ; for there is no reason
to suppose that any thing like exhaustion was produ-
ced, or that the apparatus would not have continued to

evolve heat, until its texture had been destroyed, by
the brass being all reduced into small fragments : (Es-
says, vol. ii.' p. 4Ct), et seq. ) Upon tliis experiment we
shall offer some remarks in the next Section, where we
treat upon the nature of heat.

s The heat excited by the electric or galvanic shock
has been commonly referred to a mechanical cause, al-

though, upon this point, a considerablediversity of opi-

nions has prevailed. The effect, however, is well known
to be very powerful, perhaps even more so than that
produced by the convex lens ; but it is still more con-
fined as to the extent of its operation. If the two wires,

in the interrupted galvanic circuit, be brought nearly
into contact, and any substance, in very minute quan-
tity, be placed upon them, it may be subjected to a
temperature more intense than can be produced in any
ether manner ; and bv this means bodies have been
burned or fused that had been before completely in-

tractable. Whether in this operation the heat is, as it

were, merely forced out of the wire by the commotion
which its particles experience from the passage of the
galvanic influence ; or whether, as has been supposed,
under certain circumstances, heat and electricity can
be converted into each other, or may be separated by a
kind of decomposition, are intricate questions of theory,

upon which it seems at present beyond our power to

decide, and which must depend very much upon the
opinion that we entertain respecting the nature of heat.

The simple facts, however, indepenc^ent of hypothesis,

seem to indicate, that heat and electricity are distinct

from each other, whether they are to be regarded as

species of subtile fluids, or only as properties of mat-
ter.

SECT. IV.

On the Nature of Heat.

of After having made ourselves acquainted with the
properties that are usually ascribed to heat, with the
effects which it produces, and with the sources whence
it is derived, we shall be more competent to enter upon
the investigation of its nature. This has been a sub-

ject of discussion from the earliest period of philosophi-

cal inquiry, and is yet far from being determined ; for

although the most generally received opinion is in fa-

vour of its being a substance, capable of a separate ex-
istence, and possessed of a material, although very sub-
tile nature ; yet there are, on the contrary, many emi-
nent men who regard it as merely a property, necessa-

rily attached to other matter, and arising from some
peculiar modification or affection of it.

9 The illustrious Bacon adopted this latter hypothesis,
1. and conceived that heat depended upon a vibration ofi

vol.. X. FART lU

the particles of matter ; an hypothesis which he endou
voured to substantiate by showing, that whatever exci-
ted temperature, tended to pro<luce a motion in the
particles of the healed Ixxly. His description oJ' thit
peculiar action is, that " heat is an expansive motion,
restrained and resisting in the minute parts ;" a phraae
which, if expressed in mo<lern language, woula pro-
bably signify a reaction between the expansive power
of heat, and the attractive force of the particles of maU
ter towards each other. The idea of Bacon, that heat
depends upon a vibratory motion among the particles
of matter, received the powerful sanction of Boyle and
Xewton. As, however, observations on the phenomena
of nature were multiplied, and especially as chemical
science advanced, the hypothesis which considered heat
as merely consisting in motion of the particles of mat-
ter, appeared less easy to reconcile with the new jlisco-

veries, and consequently a different doctrine was ad-
vanceil, in which the effects of heat were attributed to-

a species of subtile fluid, of a proper material nature,
although differing, in many important particulars, from
any other kind of matter. The first writer who dis-

tinctly maintained this doctrine, and applied it in a phi-
losophical manner to the explanation of facts, waa Boer-
haave ; and it was, for the most part, embraced by the
French. The general impression that was produced
by Dr Black's discovery, was much in favour of the
materiality of heat ; and indeed it seems very difficult

to imagine, how a mere property can be so exactly mea-
sured, and can be transferred from one body to another,
at one time rendered latent, and again coming into ac-
tion, without its quantity being either increased or di-
minished. The successive discoveries of Crawford and
Irvine, together with the whole fabric of the Lavoiserian
chemistry, strongly favour the same opinion ; so that,

in the present day, it must be regarded as the hypothe-
sis which is by far the most generally received. It has,

however, been zealously opposed by Rumford; and the
experiments on the heat excited by friction, of which
we have given an account, were brought forward as

an unanswerable objection against it. Our limits will

not permit us to take a very full view of all the argu.
ments that have been urged on both sides of the ques-
tion ; but we must endeavour to give a sketch of some
of the pnncipal points that have been adduced by the
advocates of each of the opinions. It will scarcely be
denied, that if we admit the existence of a subtile elas-

tic fluid, the particles of which are endowed with a re-

pulsive power, which tends to unite itself to all kinds
of matter, to insinuate itself into their pores, to pro<luce

their expansion, and, if added in sufficient quantity, to

impart to them its own elastic nature, we are in posses-

sion of an agent, which very conveniently explains a
great variety of phenomena ; for excepting the experi-

ments of Rumford on friction, and others of a similar

nature, we do not know of any facts which are adverse

to the supposition, or which are not better explained on
this than on any other that has been adduced. It must,

however, be admitted, that it is merely an hypothesis ;

and as there is no direct experiment which proves the

existence of this subtile elastic fluid, it must be aban-
doned, if there be any single phenomenon which is ab-

solutely irreconcilable to it But before we can allow

this to be the case, in the present instance, it is neces-

sary to shew, that our acquaintance with the phenome-
non in question is complete ; that we thoroughly under-

stand all its relations, and are competent to decide upon
the connexion which it has with all tke other actions

4:S
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to which it may be referred. Now we believe that few

persons will assert that this is the case ; on the other

hand, we conceive every one will admit, that any at-

tempt to explain the intimate nature of the motion suppo-

sed to produce Iieat, and the manner in which vibrations

can excite a sensation such as that which we refer to this

principle, must be a most arduous tisk. Still more so

will it be to explain, l)ow it can be the immediate cause

of liquidity and of elastic fluidity j how it can be trans-

ferred in definite quantities from one body to another;

how this can be done even while it is lying dormant,

or while wc have no proof that the motion actually ex-

ists. In short, we shall find, that the hypothesis of vi-

brations is far from being unencumbered with difficul-

ties ; and that wc have only removed one, to become
involved in a much greater number. Besides, although

we have admitted, that there is no direct experiment to

prove the independent existence of heat, or at least

none against which some exception has not been taken

;

yet there are facts brought forwards, perhaps as deci-

sive on this side of the question as those respecting

friction are on the other. We refer to the transmission

of heat through a vacuum. Pictet proved that this takes

place in the vacuum of the air-pump ; and Rumford,
the great advocate for the immateriality of heat, has

shown that it is capable of passing even tlirough the

Torricellian vacuum. There seems no method of re-

conciling this fact with the hypothesis, except by ta-

king for granted the existence of some kind of vapour
or elastic fluid, along which it is propagated; a suppo-
sition equally gratuitous, and equally unsupported by
direct and independent facts as that for which it is

substituted. Indeed, the same remark may be applied

to all the phenomena in which the radiation of heat is

concerned ; it seems extremely improbable, if not im-
possible, that these rays are carried along by the air,

even when near the surface of the earth, and they
must necessarily traverse an immense track totally de-
void of air. If we, in this case, suppose the existence
of a subtile medium, invented for the purpose of carry-
ing them through space, we are here, as in the former
instance, creating an agent at least as hypothetical as
the matter of heat. Upon the whole, we are strongly
inclined to the opinion whicli regards heat as an elas-

tic fluid, of a proper immaterial nature, although of
extreme subtilty, the particles of which are repulsive
with respect to each other, but are attracted by other
bodies, with different degrees of force, according to
their respective nature.

Before we conclude this discussion concerning the
immateriality of heat, it will be proper to notice the
experiments which have been made, in order to ascer-
tain whether it be actually possessed of gravity, or ra-
ther, whether its weight can be measured by a balance.
The best contrived experiments of this description ivere
those of Fordyce. He very carefully weighed a quan-
tity of water, froze the water, and then again weighed
it. Now he argued, tliat in this process, the water must
have parted with the latent heat which maintains it in
the liquid form'; so that if heat be a ponderable sub-
sUiice, it might be expected that the ice would exliibit
a dimmution in its wei^rht, equivalent to that of the ca-
loric which had escaped. Tlie result, however, did not
correspond with this idea; and indeed, in some of the
most accurate trials, it seemed as if the body that had
parted with its heat had even acquired a slight addition
ol weight. It IS, however, generally admitted, that no
decisive conclusion can be drawn from such experi-
ments

; and that, from the conception that we have of

AT.
the extreme tenuitj' of the particles of heat, it is not pro- Nature t

bable, that any portion which we can have it in our ^"^
<

power to impart to a body, could be detected by the in- ~ ""*

struments that we employ in ascertaining the weight of
bodies. Our preference, as we stated above, is certainly in

favour of the hypothesis of the materiality of heat, be-

cause wethink it explains the phenomena in general with
greater facility, and is encumbered with less difficulties

than the immaterial hypothesis. Yet we must remember,
that it is not decisively proved by any direct and un-
exceptionable experiments; and it must also be acknow-
ledged, that it has not received the sanction of some
eminent philosophers, both at the revival of letters, and
in our own times. We have already mentioned the opi-

nion of Rumford; and Professor Leslie, to whom science Leslie's

is so peculiarly indebted for his numerous experiments I'ypothMfc

and discoveries on the subject of heat, also adopts the
hypothesis, which ascribes its effects to a certain mo-
tion among the particles of botlies. He conceives that

the propagation and transmission of heat, is very simi-

lai' to that of sound, and that it in fact consists in cer-

tain aerial undulations. A hot body communicates a
portion of its heat to the contiguous stratum of air;

this immediately expands, and by this expansion, a vi-

bration is excited in the adjoining stratum ; this is pro-

pagated to the next, and so on until the equilibrium is

produced. The passage of heat is therefore of the same
velocity %vith the undulation of the air, or rather is

identical with it ; and according as the surfaces of bo-
dies act upon the air in contact with them, so will they
radiate heat with greater or less readiness. The facility

of radiation is supposed to be principally owing to the

approximation of tlie air to the surface ; those bodies ra-

diating the best, to which the air comes into the closest

contact. This view of the subject explains why the best

radiators should likewise be the best absorbers of heat

;

and it is also sujiposed to afford a reason for the effect of
roughening the surface, or covering it with substances

which destroy its polish. Professor Leslie seems to have
advanced his hypothesis, merely as a convenient manner
of accounting for some of his own experiments; he has

not stated it in such a way as to apply to all the pheno-
mena of lieat, nor has he attempted to reconcile it witli

the experiments of Herschel, and others which appear

decidedly adverse to it. Indeed, we much doubt whe-
ther it can be adapted even to some of his own experi-

ments on the radiation and reflection of heat ; for it

must be supposed, that the undulations of the air are

propelled from the surface of bodies, impinge upon
others, and are again reflected, exactly as they radiate

heat, with the same velocity, and in the same direction

;

a circumstance which we apprehend it would be ex-

tremely difficult to prove. It may be farther remarked,

that although Professor Leslie's hypothesis supposes that

the undulations of the air are the cause of heat, or that

which produces the phenomena in question ; yet there

are many expressions which would seem to imply, that

this heat is something distinct from the undulations

themselves, and that tlie heat is transferred or transmit-

ted from one wave to the other, not that the waves are

themselves the actual cause of the effect. The farther

consideration of this question would involve us in a dis-

cussion that would exceed the limits to which we are

necessarily restricted.

In the former part of this article we alluded to the Chemical

chemical properties of heat, but we proposed to defer rropertie*

the consideration of them until we had made ourselves "^ "''•"•

more fully acquainted with its nature and its effects.

On this subject there are two points to be determined

:
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aiure oi first, Does heat possess any properties, or any relation

Heat. tQ other bodies, which can strictly be called chemical ?
"•'""' And, secondly. What arc these relations? When we

speak of a substance being possessed ol' chemical pro-

pcrties, we mean, that by its being separated from, or

added to another substance, the two substances, in tlie

case of their deconi posit ion, or in the other case, the

compound of the two, manifest difl'ercnt chemical re-

lations from those which they possessed liefore the

operation. By some philosophers it has been supposed

that this change takes place with respect to heat, that

when it enters into combination with a bod)', as for

example with oxygen, and forms oxygen gas, a com-

pound is produceil, possessed of new properties that

are not merely mechanical, while at the same time the

Iieat itself has entirely lo.^t its former qualities by its

union with the oxygen, anvl, like other bodies after a

chemical composition, has imparted to the comjx)und
' properties quite different from its own. If we again

decompose the oxygen gas, as by uniting its base to

carbon, the heat is precipitated, and resumes all its

fonner properties, which had been entirely destroyed,

or rendered latent, while it remained in the combined
state. But althougli there may appear to be a consi-

derable degree of plausibility in this method of reason-

ing, it has not been generally acquiesced in. The
great objection which has been urged against the opi-

nion that heat unites cliemically to bodies, is that it

may, in all cases, be separated from them, merely by a

reduction of temperature, without the intervention of

a more poweri'ul nAinity ; a circumstance which U con-
ceived to be essential to a proper chemical decoinpoti-
tion. With respect to the new properties whicli hrnt
imparts to other substances, by its union with them,
these have been said to be merely mechanical, or to tie

such as must necessarily result from these narticlei

being placed at a greater distance from each other.

As to the heat itself, there is undoubtedly something
more analogous to chemical union, in the cipungeg
which it experiences; as by entering into combination
with other bodies, iis characteristic properties are All

destroyed. Yet this involves a discussion rather aixnit

words than ideofi, and in a great measure depend*
upon the meaning which we attach to certain modi '"

expressi(m. The fact is, that heat seems to have i

trive attractions for different bodies, independent of cot.

any of their relations to other substancen; tnat it com*
bines with them, and produces a change in their state,

which perhaps may be regardetl as merely mechanical
j

but that by these combinations its action is destroyed,

and it no longer possesses the properties it previo'uly

exhibited. Upon the whole, we are inclined to the

opinion, that the effects of heat are not referable to the
usual laws of chemical affinity, but mu.st be referred,

partly to thone of mechanical impulse, and partly to

what we may denominate specific action, i. e. an action

peculiar to itself, and essentially different from what
we can observe in other natural objects. See our ar-

ticles Cold and Expansion. («)

APPENDIX.

In the preceding article, we have given an account

of the experiments of Dr Heischel, Sir H. Englcfield,

and M. Berard, from which it follows, that there exists

beyond the red extremity of the spectrum a set of invi-

sible rays, which affect the thermometer more power-

fully than even the red light of the spectrum.

These experiments were repeated, under the most fi»-

vourable circumstances, by our celebrated countryman

Sir H. Davy, who favoured us with an account of them

when we had the pleasure of seeing him at Geneva.

Availing himself of the fine climate and the serene

sky of Italy, he resolved to inquire into the cause

of the difference between the results obUiined by Dr
Hcrschel and Berard ; the former having placed the

point of maximum intensity beyond the red rays, while

the latter found the heat greatest within the extremity

of the red space. It occurred to Sir Humphry, that

thermometers witli circular balls of the size used by

Berard, must necessarily shew the m:iximum of heat to

be within the re<l space, as a cooling agency must al-

ways be exerted by that part of the bulb which is out

of the limits of the calorific rays ; and hence the dimi-

nution ol temperature which this occasioned would

compensate for the greater effect produced by the invi-

sible rays. In order to remove this source of error. Sir

H. Davy employed extremely slender theniiomcters,

not more than ,\th of an inch in diameter, with very

long bulbs filled with air confined by a coloured fluid ;

and in this way the bulb was affected only by the invi-

sible rays. The general results of these experiments,

which were repeated also at Geneva, confirmed those

of Dr Herschel, and may be considered as removing

the objection of Professor Leslie, that, in our climate

particularly, there must always be a concentration of Appendix,

extraneous light beyond the red extremity of the spec- '^m'ymmf

trum.
We regard it, therefore, as a point established in

physics, that there is a distinct effect produced upon
the thermometer beyond the red extremity of the spec-

trum ; but we cannot admit for a moment the conclu-

sion which has been universally drawn from it, that it

is produced by a separate set of heat-making rays, re-

fracted by the prism, and having a greater refrangibi-

lity than red light. Dr Herschel has attempted to Heat U in-

prove that invisible culinary heat is also susceptible of cipable <rf'

refraction like the invisible rays, and M. Prevost and permeating

M. Delaroche have likewise endeavoured to shew that S**""

this kind of heat is capable of permeating glass. We
have no doubt that this opinion will be found to be

erroneous, and we think it is demonstrated • that invi-

sible culinary heat is incapable of refraction, or of per-

meating glass like light, and hence we cannot suppose

that the invisible rays of the sun are capable of being

refracted by glaas. If this shall be found to be the

case, it will follow that the invisible heat of the sun is

a substance possessing properties essentially different

from those of invisible culinary heat. As radiant heat,

therefore, jwssesses very different properties from light,

we think it will be fotind, that light, like all other maU
ter, whether gaseous, fluid, or solid, is capable of being

heated, and that the solar rays are nothing more than

heated light. Hence the least refrangible rays, having

the greatest velocity, or momentum, will produce the

most powerful calorific effect. We shall have occasion

to resume this subject in another port of our work.

See Optics. Eo.

« See PUl. Tram. 1816, p. 104.
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Hebrews

II

Hebrides,

New.

HERREVVS. See Jews.

HEIHUDES See Aroyleshire, Ahran, Bute,
Stakfa, anil Scotland.
H EBIU DES, New, n cluster of above twenty islands

in the soutli Pacific Ocean, extendinf; about .'i75 miles

in a tlircction from N. W. to S. K. and situated from
14° 29' to 20=" 4' S. Lat. and 166^ 11" to 170° 21' E.

Lonjfitudc.

The appellation which is now bestowed on this groupe,

results I'rom its complete recognition by Captain Cooke
in 1774-. So long ago as the year H)06, the Spanish

navigator Quiros landed on the most northern island,

whicli he seems to have considered as a continent, and
called it Tierra Austral dcC E.ipiriiu Santo, or the south-

ern land of the Holy Ghost. Bougainville, in his voy-

age of discovery in 17()'8, found it an island; and alter

a partial examination of the group, named it the Ar-
chipelago of the Great Cyclades ; but almost all geo-

graphers seem inclined to admit the nomenclature of
Captain Cook, who was occupied 46 days in the survey ;

and considering these islands the most western of the

Pacific, he named them Hebrides. Nevertheless, Fleu-

rieu questions Captain Cook's right to change the ap-

pellation of Great Cyclades, bestowetl by Bougainville,

wid expresses a hope that the name given by both will

be superseded by restoring that of Quiros.

These islands are of unequal dimensions, and sepa-

rated from each other by channels of different breadth.

But the following list, obtained from collating the nar-

ratives of successive navigators, will more briefly ex-

plain these peculiarities, making some allowances for

the whole not being seen exactly under the same as-

pect.

Picd'Etoile, U° 29' S. Lat. 168° 9' E. Long.—Tierra
Austral, 66 miles long, 36 broad. St Bartholomew.

—

Isle of Lepers, 54 to 6o miles in circuit, 15° 20' S. Lat.

168° 31' E. Long. Aurora Island, 36 miles long, 5

broad, 15" 6' S. Lat. l68° 24' E. Long. Whitsuntide

Isle, 33 miles long, 8 broad, 15» 45' S. Lat. 168° 28'

E. Long. Mallicolo, 54 miles long, 24 broad, 15° 50'

S. Lat 169° 38' E. Long. Ambrym, 60 miles in cir-

cuit, 16° 15' S. Lat. 168° aC E. Long. Apee, 60 miles

in circuit, l6° 42' S. Lat. 168° 36' E. Long. Paoom,
15 miles in circuit. Three Hills Island, 12 or 15 miles

in circuit, 17° 4' S. Lat. 168*32' E. Long. Shepherds
Isles. Monument. Two Hills.—Montague Isle, 9 miles

in circuit. Hinchinbrook Isle, 14 miles in circuit.

Sandwich Island, 75 miles in circuit, 1 7° 40' S. Lat.

168° 30' E. Long. Erromango, 90 miles in circuit,

18° 48' S. Lat. 169° 20' E. Long. Tanna, 72 miles

in circuit, 19° 30' S. Lat. 169° 38' E. Long. Irronan.—
Immer, 15 miles in circuit. Annatom, 30 to 36 miles

in circuit, 20° 3' S. Lat. 170° 5' E. Long.
Some of these islands contain volcanoes, such as Am-

brym antl Tanna ; that on the latter throws up prodi-

gious columns of fire and smoke, attended with loud

explosions at frequent intervals, and huge stones are

sometimes seen in the air. Native sulphur is found on
tlie island, and nephitic vapours arise from the ground.

Quiros affirms that he and another Captain saw silver

and gold on the Tierra Austral; but this has not been
confirmed ; nor are we particularly acquainted with the

mineralogy of the New Hebrides, unless in their exhi-

biting volcanic products, red ochre, and chalk. Hot
springs issue from the rocks of Tanna, raising the ther-

mometer to 202°.

Vegetables grow throughout these islands in great

profusion and variety. Quiros, who wrote a recom-

mendatory memoir to his awn court regarding tli«

island upon which he landed, dcscriliea it a» of greater

fertility than .Spain ; and later navigators have remark-
eti that the hills of other islands were covered with
woods to the very top. Treei" occur l.TO feet hi^li.

Pigs, nutmegs, and oranges, which Captain Cook found
nowhere besides, grow Ircrc, as well as cocua-nuts,

bananas, the bread fruit, and the sugar-cane.

Fish are numerous on the shores, hut many are poi-
sonous ; and the crew of different ships h.ivc suffered

severely, though not fatally, from having fe<l upon them.
Large and beautiful piurotpicts, of bla(!k, red, and

yellow plumage, are seen on the i.'>lnnds ; and, among
other birds, tliat species of pigeon which feeds on the
nutmeg, and is described by Itumphius as disseminat-

ing the real plant in the .Spice Islands. Quiros speaks
of goats ; but the only quadrupeds observed by later

visitors are hogs and rats. No dogs have l)ecn obser-

ved by strangers on any of the islands visited by them;
nor have the natives any name for the animal, which
shews that it is unknown.
The New Hebrides are evidently inhabited by diffe-

rent races of people, whose origin some navigators are

inclined to derive from Papua or New Guinea. None
possess that symmetry and stature seen in other parts

of the Southern Pacific Ocean. Those of the Tierra

del Espiritu Santo seem more robust and better formed
than most of the rest. Bougainville describes the na-

tives of Lepers Isle as small, ugly, and ill made, and
the few women observed were altogether as disgusting

as the men. The inhabitants of 1 anna are of middle
size, their limbs well made and rather slender ; and
some are tall, stout, and strong. Their features are

large, the nose broad, eyes full, and in general with
an agreeable expression. The hair is black ; but, in se-

veral instances, with brown or yellow tips. Brown and
reddish hair has appeared here and elsewhere ; but it is

frizzled and woolly for the most part. The women of

the Mallicolese present the most disagreeable features of

any seen in the South Seas ; and the daubing of their

whole bodies, or covering their heads with the orange

powder of turmeric root, has a dirty appearance. All

the inhabitants of the group are of a deep chesnut

brown colour, and their skin is uncommonly soft and
smooth to the touch. M. de Bougainville says, those of

Lepers Isle are of a black or Mulatto colour, the hair of

some being a yellow wool, which, it is not unlikely,

might have been the consequence of disease ; as he gave

the island its name from the inhabitants being much
afflicted with leprosy.

The language of the New Hebridians is different

from that of all the other tribes of the South Sea ; it

abounds in consonants, and even in the united dupli-

cation or triplication of them. But they have a re-

markable facility in understanding and imitating stran-

gers, and have a very quick and ready apprehension.

Their admiration is expressed by hissing lilce a goose.

They are singularly honest, unlike all savages ; and

most of them have a manly, gootl natured, open as-

pect.

In general these people go nearly naked ; boys and

girls absolutely so. The greater part of the women
have a short petticoat ; many only a cord about the bo-

dy with a bunch of straw. A decided characteristic of

the Hebridians consists in a rope tied round tlic mid-

dle, which, being put on at a very early age, niakes a

deep groove, di\ idnig tlie belly as it were into two

parts, so that the one almost overhangs the other. Cap-
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Uebriilei, tain Cook, in describing the Mallicolese as " the most
New- ugly and ill -proportioned people I ever saw, and in

^"^'Y"^ every respect different from any we had met with in

this sea," and specifying " their long heads, flat faces,

and monkey countenances," continues, " but what most

adds to their deformity, is a belt or cord which they

wear round the waist, and tie so tight over the belly,

that the shape of their bodies is not unlike that of an

overgrown pismire " They are less acquainted with

the arr of tattooing than many otlier islanders, and they

obtain a similar effect by incisions of the flesli, produ-

cing elevated ecars, wiiich resemble external objects.

A number of personal ornaments are employed by them,

more generally by the men than the women. The face

and body are frequently painted black, brown, or red

;

and bracelets, ear-rings, or a bone through the nose,

:u"e worn among both sexes. The women and children

are in general shy ; the former are held in subserviency

by the men, and condemned to the more laborious ope-

rations.

The disposition of the Hebridians seems to be cour-

teous and liberal ; they are not equally prone to re-

venge injuries, as many other savages, and are more
willing to be satisfied. The English circumnaviga-

tors were treated with great hospitality, and it seems
doubtful in any misunderstandings which was the ag-

gressor. M. de Bougainville considered an attack on
him at the isle of Lepers, followed by a flight of ar-

rows, as the consequence of premeditation. They
we evidently often at war, from the number and
variety of their arms ; and durina; the visits of stran-

gers, tiiey are always on tiie watch, keeping their

bows constantly bent. Tliese are very strong and elas-

tic, made of the best club wood, and highly polished.

The arrows are made of reeds nearly four feet long, and
pointed with a piece of hard brittle black wood, twelve
or fifteen inches in length. Some have three points

for shooting birds, others are discharged at fish, and
pointed with a bit of bone two or three inches long.

They have also clubs, sj)ears, and darts ; the first of
different sizes and shapes, from two feet and a half in
length to six feet, and are slung from the right shoulder
by a rope. Their arrows are shot with great force and
precision to the distance of 8 or 10 yards, but are little

to be dreaded at 25 or 30. Tiieir darts also are thrown
with much power and accuracy to a short distance.
Some arrows exhibit a greenish gummy substance on
the point."!, which the natives affirm is poison ; but in
experiments made with it by the English on animals it

was not fatal.

The arts are in a very low state ; navigation is little

understood, and fishing seldom resorted to. No fish-

ing tackle whatever was observed by the English in the
largest islands

; and their canoes consisted of several
pieces of wood clumsily sewed together. Only 1 4. be-
longed to the whole island of Mallicolo. However, that
of Immer is chiefly inhabited by fishermen, and the
various canoes are from 20 to 30 feet loufr, but all of
indifferent workmanship. The dwellings on shore are
miserable huts of rude construction, or, properly speak,
jng, large sheds about 35 feet long open at both ends,
and of which the roof, ridged at top, reaches to the
very ground. Captain Cook compares them to a house
without walls. They seem to conUin no furaiture ex-
eept mats, palm leaves, and dry grass, wiiich cover
the floor. The quality of the climate is such that the
inhabitants can almost dispense with artificial shelter,
and all their pursuits concentrate in warfare and in
procuring subsistence.

A large portion of the New Hebrides is well culti-

vated. Whole islands are covered by woods and divi-

sions, indicating much industry and a correct notion
of property ; and extensive grounds are laid out in re-

gular plantations of the sugar-cane, bananas, and plan-
tains, all kept in good order, and sometimes protected

by stone fences two feet high.

It is not ascertained that the natives have any reli-

gion, or any form of government. Tliey offer the branch
of a tree as a sign of pacification, and pour water on
their heads, as indicating a desire for conciliation, or in

token of contrition. They dance round fires to the
sound of drums ; and these are heard in the woods on
occasions of alarm. Their music is of a lively turn ;

they have pleasing airs embracing a considerable com-
pass, and it is said they sing in parts,—a fact worthy of
being ascertained, as the music of savages is so limited.

An instrument consisting of eight reetls, like the sy-
rinx or Pan's pipe, and extending throughout an octave,

lias been seen here.

It is singular that in some of the islands, as Tanna,
iron is of no value, while in others it bears the highest
price. Looking-glasses prove the source of great amuse-
ment to the natives, and their complacent self-contem-
plations have induced their visitors to affirm tliat they
are extremely conceited.

All those who have reached the New Hebrides be-
stow the warmest commendations on their soil, climate,

and productions. The later navigators have thought
that a settlement might be profitably made on Sand-
wich Island ; and Quiros, two centuries ago, sought to

interest the avaricious court of Spain, by pointing out
tlie benefit which would result from one on the Tierra
Austral del Espiritu Santo. " In a word," he says,
" the union ofso many advantages would produce such
power and riches, that these territories would not only
support themselves, but afford an overplu.s for tlie as-

sistance of America, aggramiize your majesty's domi-
nions in general, and very speedily elevate Spain to the
highest degree of prosperity. All this I will undertake
to answer for, if I shall be assisted and supported in

my enter))rise." The north side of the islaiul is pene-
trated by a capacious bay, which he considers capable
of being a harbour for 1000 vessels ; and after acquaint-

ing his sovereign, that, amidst its numerous ])roperties,

" the dawn is ushered in by a most delightful concert

of millions of birds from the forests wherewith the shores

are shaded, and that every evening and morning the
air is perfumed with the odours of all species of flowers
intermixed with those of aromatic plants," he con-

cludes with these words: "Finally, sire, I can with
confidence assert, that this harbour, which is situated in

15° 20' South Latitude, presents the greatest natural ad-

vantages for the establishment of a large city and a nu-
merous colony.

None of these anticipations, however, have been rea-

lised, and the New Hebrides, yet unoccupied by Euro-
peans, are only resorted to, as we learn, at rare inter-

vals, for cargoes of wood from their forests.

Navigators have been so much mistaken regarding

the population of the South Sea Islands, as to warn us
against listening to conjectures. The inhabitants of

Mallicollo were computed at 50,000 in 1 773, and those

of Tanna at 20,000 ; but we cannot forget, that while

about the same time the population of Otaheite was
supposed above 200,000, calculations of tolerable accu-

racy reduce it at this day to 5000 ; towards which,
however, several causes, perhaps unknown to the New
Hebridians, may have contributed. See Torquemada

HebriileSi

New.
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HEDGE. See AouicuLTunE, Vol. i. chap. xii. sect. i.

HED.JAS. See Aiiabia, vol. ii. p. 27.'>. H scq.

HEDWIG, John, a celebrated botanist, was bom at

Cronstailt in Transylvania, on the 8tli of October 17!50,

and was the son of one of tlie magistrates of that town.
His love of botanical pursuits shewed itself at an early

period ; and while his school-fellows were busy with
their amusements, Hedwig was actively employe<l in

collecting wild plants, and transplanting them to hig

father's garden. After studying four years at the pub-
lic school of Cronstadt, he was enabled, notwithstand-
ing the loss of his father in 1 7*7, to go to the university
of Presburg to continue his studies. He remained here
two yeai-s following his medical pursuits, and then went
to Zittau to attencl the lectures of Gerlach. In 1752,
he enteretl himself as a student at the university of
Leipsic, and attended the lectures on medicine, philo-
sophy, and mathematics. Here he gainetl the particu-
lar friendship of the celebrated Ludwig ; and such was
the opinion entertained of him by Bose, the professor
of bot.iny, that, in 1 756, he took him into his own
house, gave him the charge of his garden, and allowed
liim, during three years, to attend for him at the hospi-
tal. Upon the completion of his studies, he was natu-
rally anxious to settle a» a physician in his native place ;

but upon applying for license to the magistrates, he was
mortified to find that no physicians could practice
in Transylvania, who had not been members of the
university of Vienna. His friend Bose, however, ha-
ving advised him to commence practice in some small
town in Saxony, he presented his dissertation sur I'em-

plot dcs emctiques dans les Jievres aigues, and was ad-
mitted doctor of medicine. Having a friend resident
at Chemnitz, he fixed upon that town, where he settled,

after marrying Miss Sophia Teller, a lady from Leip-
sic. Hedwig noAv devoted his mornings to the collec-

tion of plants, and his evenings to their examination,
while the rest of the day was employed in his profession-
al pursuits. The cryptogamic plants particularly at-

tracted his attention ; and having had occasion to write
to the celebrated Schieber, who was then publishing
the Flora of Leipsic, for the explanation of some diffi-

culties, a correspondence immediately commenced be-
tween them, and Hedwig received from his friend se-

veral books, a single microscope, and afterwards a com-
pound one made by Rienthaler the optician. ,By
means of tJiis instnmieiit, on which he made some im-
provements, he was enabled to determine the male and
fem-ile flowers of the mosses. See our article Botany,
vol. iv. p. 30, and Musci.

His wife, who had brought him nine children, died
in l77t); and though he was oppressed with grief at

such a loss, yet as he was unable to continue his pur-
suits, and attend to the education of his six surviving
children, he yielded to the advice of his friends, and
married, in 1777, Miss Salzberger of Leipsic. In 1779,
he published at Leipsic, in a German periodical work,
his great discovery, under the title of " Observations
on the true parts of generation in Mosses, and on the
multiplication of Mosses by seed." At the urgent de-
.••ire of his wife, who considered his talents as lost at

Chemnitz, he removed to Leipsic in 1781, and, in the
following year, he published his work entitled Fiinda-

mtntum Hinlorite miluralis Mutcorum frondoiotvm, il-

lustrated with 20 coloured plates.
"

The Petersburg academy having offered • prize of
100 gold ducats, for a dctennination of the part* of
fructification of the cryptogamic plants, Hedwig tent
a large treatise on the subject, which gained the prize,
and which was published at .St Petersburg, in 1784,
under the title of Theoria grnrrationi* el fniclificatio'
iiis planlarum Cryplngnmicarnm Linneei. A new and
enlarged edition of this work afterwardt appeared in
17<)8.

Hitherto Hedwig had lived in a state of obscure po-
verty ; but his talents were now about to receive their
proper reward. In 1 784, he was made inspector of the
military hospit.il at Leipsic, and in 1786 he was ap-
pointed professor extraordinary to the faculty of meifi-
cine. In 1789, Frederick Augustus, elector of .Saxony,
nominated him professor of botany, and superintendant
of the public garden, and at the same time gave him
apartments at the academy.

Having been occupietl more than 35 years in the
study of nature, Hedwig published the results of his

observations in the following treatises.

L A Treatise on the origin of the parts of fructifi-

cation, in which he shews that the stamens and pistils

are not produced by the pith, as Linnanis believed,
but by the same vessels as the other parts of the plant.

2. A Memoir on the Cotyledons.

3. A Dissertation on Bulbiferous Plants.

4. A Memoir on the Organs of Transpiration in
Plants.

5. An Examination of the distinctive Characters of
Plants and Animals.

6". An Answer to certain Questions proposed by Dr
Arthur Young, on the Irrigation of Meadows with
spring-water.

7. A Dissertation on the Origin of the \'eget«ble

Fibre.

8. Observations on the use of the Leaves in Plants.

9. A Memoir, in which, after having described the
sexual organs of several Cticurhitacea at the time of fe-

cundation, he considers the manner in which the pol-

len impregnates the ovaries, and the changes which
this phenomenon produces in plants.

10. Notes on the Aphorisms of Humboldt, in which
he lays down several principles of vegetable physio-
logy.

1 1

.

Lastly, Considerations on the present and future

state of the Science of Botany, and on the best means to

be pursued in the study of it.

Between the years 17S7 and 1797, Hedwig publish-

ed his great work, entitled Descriplio et Adumbratio
Microscopica aimlyllca Mnscorum frondosorum, neaiOH

aliornm Vcgelanlium, classe Cryptognmica Linnaci novo-

rum ditbiisqite nejcatoriim, in i vols, folio, the first of

which appeared in 1787, and the la^ in 1797. This
work contains an analytical description of 148 species

of mosses, and 50 other cryptogamic plants, all of which
were examined with the microscope, and figured with

great elegance and truth. Each volume is illustrated

with 40 excellent coloured plates. He likewise pre-

pared a general History of the Mosses ; but this work,

which he did not live to finish, was arranged and pub-
lished by Frederick Schwaegricher, one of his pupils.

It contains notices of 360 species, of which 157 are

figured. Out of six children by his second wife, five

died at an early age, and one of his daughters, whose
education he had superintended, was carried off by the

small-pox in December 1 797. This severe blow affect.

firnhnffi
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Hegira, ed his health ; and having neglected to take proper care

Heidelberg, of himself during the severe weather of 1798 when he
^'^'y^ was visiting his patients, he was attacked by a ca-

tarrhal fever, from wliich he had scarcely recovered,

when he was carried otf by a nervous fever, on the 7th

of February 1799, in the 69th year of his age. Out of

15 children, only four survived him, two sons and two

daughters. One of his sons, M. Romain Adolphus, pro-

fessor of botany at Lcipsic, published two fasciculi of a

splendid work on ferns, with coloured plates ; but he

did not long survive his father.

Hedwig was distinguished by all the social virtues.

He was neither elevated by the high reputation which
he had acquired, nor depressed by the illiberal criti-

cisms with which he was assailed. His enjoyments and
his sufferings were of a higher class. They were the

luxuries and the sorrows of domestic life. See De-
leuze's Account of the Life and IVrilirig.i of Hedwig,

published in the Annalcs'du Museum dHisloire Natii-

relle, vol. ii. and in Brande's Journal of Science and the

Arts, vol. i. p. 103.

HEGIRA, or Hejeha, is an epoch to which the

Arabs and Mahometans refer historical events. It

comes from an Arabic word, which signifies Jied, and
the epoch is dated from the night between the 1 5th and
iCth July A. D. 622, when Mahomet was forced to

leave Mecca to avoid the persecutions of his enemies.

The year of the Christian era, corresponding to any
year of the Hegira, may be found by the following for-

mula, H being the year of the Hegira, and C that of the

Christian ara, C= " fl': -f- 622, or C=H x -9692 -f-3o5
622. Thus if we wish to know what year of our aera

corresponds with the year of the Hegira 1232, we have
C=1232X.9692+622= 1810.

Tables shewing the correspondence between the years

of the Hegira and those of the Christian ajra, have been
given by Greaves in his Epochce Celebriores ; by Riccioli

in his Chronologia Rejhrmala, 1659; and by Beckius
in his Ephemeridcs, l69S. A more correct table has
been published by Mr Marsden, in his paper On the

jEra ofthe Mahometans called the Hejera, printed in the
Philosophical Transactions for 1788, vol. Ixxviii. p. 414,
or in the Abridgment, vol. xvi. p. 509.
HEIDELBERG, is a city of Germany, in the circle

of the Lower Rhine, formerly the capital of the Palati-

nate, and recently foniiing a part of the grand duchy
of Baden. It is a long and narrow town, and is situa-

ted at the foot of a mountain on the south side of the
Neckar. This river is crossed by a fine bridge, which
cost 170,000 florins, and from which there is a fine view
upon the river. It is surrounded with walls, which
have six gates. The citadel, called Fort I'Etoile, was
long ago destroyed by the French. It contains three
churches for Roman Catholics and Protestants, an uni-
versity, an economical society, an anatomical theatre,
a military hospital, a cabinet of minerals models and
physical instruments, a botanical garden, and more than
20 founUins. The university was founded in 1386,
and has been under the direction of 20 professors, 16
Catholic, and four Reformed. When the Bavarians
took it in 1622, its library was transferred to the Vati-
can, by Robert Maximilian of Bavaria. The fine sta-
tue of the Elector, the church of St Esprit, the church
of St Peter, with the sepulchral inscription of the cele-
brated Olympia Fulvia Morata, are worthy of being
<"»" The castle and the garden of Heidelberg, situa-seen.

ted near the town, are now In ruins.

4
The statues of the-

ancient Electors and Count Palatines are still to be seen Heights

on the front of the castle ; the remains of the hall of the il

chevaliers are still visible; and the granite columns which S* Helen*. I

fonnerly supported a part of the imperial palace at In-
"^

*
~'

gelheim near Mayence, are seen supporting tlie roof of
the fountain of the castle. The subterraneous passage
extends to the great square in the town. A Restaura-
teur is now established in the middle of these ruins.
Heidelberg has been celebrated for its wines, called
vin du Neckar, obtained from grapes wliich grow on
both sides of the mountain ; and for its capacious tun,
which originally contained ,528 hogsheads, and 60O
when it was rebuilt, and which is still shewn to stran-
gers. It has manufactures of camblets, silk .stockings,
and silk handkerchiefs, wax hghts, soap, cotton, cloth-
ing, paper hangings. The population, which is prin-
cipally Lutheran, amounts to 12,000.
HEIGHTS. Methods of measuring heights by the

Barometer, will be found in our article Pkeumatics,
and trigonometrically in our article Trigonometry.
HEILBROUN, or Haildron, is a town of Germany

in Suabia, which belonged to the King of Wirtemberg.
It is situated in a very pleasant and fertile country on
the banks of the Neckar, which is crossed by a covered
stone bridge. The town is strong and well built, and
has some fortifications, three churches, two convents,
and public baths. The principal objects of curiosity
in this town are the Gothic tower of the church of St
Kilian, which is remarkable for its architecture, the
public library, the house of correction, the great foun-
tain, and the fine promenade before tlie gates of the
town. In the archives of the town are preserved the
letters of the two celebrated Chevaliers Fran9ois de
Sickingen and Goez de Berlichingen, the last of whom
was imprisoned in a tower, which still remains, and
was interred in the convent ef Schoenthal near the
town. The town carries on a great trade in tartar

and all sorts of glass. If contains distilleries of bran-
dy, paper manufactories, tannaries, oilmills, and wheels
for tobacco. Population, 8000.

HELENA, St, generally ranked by geographers
artiong the islands of Lower Guinea, is situated in 15"
55' South Latitude, and 5* 49' 45" West Longitude
from Greenwich. It is 600 miles from Ascension Situation.

Island, the nearest land, 1200 from the coast of Africa,

and nearly 2000 from that of America. In sailing from
Europe, it is generally necessary, in order to make the
island, to stretch along the Brazil coast quite out ofthe
tropics, till it can be gained by the aid of the south,

east trade winds ; but of late years the inner or east,

emmost passage has frequently been followed, and has
not uncommonly been made in 7 or 8 weeks from Eng-
land. A bird, called the St Helena pigeon, which is

seen only to the windward of the island, generally in-

dicates its vicinity to the navigator, long before the
land can be discerned by the telescope.

St Helena was discovered by the Portuguese com. Discover,
mander John de Nova, on St Helen's day, May 2l8t

1501. It was then inhabited only by seals, sea-lions,

sea-fowls, and turtles. The interior of the island was
one entire forest, and even many of the rocky precipi-

ces on the coast were covered to the brink with the

gum wood tree. Its first settlement and improvement
Hjjtj—^

are ascribed to the following interesting occurrence

:

Several Portuguese noblemen, who had deserted in In-

dia to the native princes, were punished by Albuquer-
que in the most cruel manner, by having their noses,

ears, and right hands cut off; and in this mutila-
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ted condition, were put on board the ships returning; to

Europe. Fernandez Lopez, one of the sufl'erers, pre-

ferring a vohintary exile to a life of ij^iominy in his

native country, was, at his own request, huided on

the island of St Helena in the year \.'A:i, with a few
ne^o slaves. Many of his countrymen, commiserating

his sufferings, exerted tliemselves to contribute every

comfort and convenience which his forlorn situation

would admit. Hogs, goats, and poultry, were landed

for his sustenance. Partridges, pheasants, guinea-fowls,

peacocks, and other wild fowl, were let loose in the

woods. Figs, oranges, lemons, peach trees, and va-

rious vegetables, were planted in the infant soil. By
his skill in botany and gardening, the fruit trees were

brought to great perfection ; and the live stock and
feathered tribes increased so abundantly under his pro-

tection, that, in a short time, they entirely overspread

the face of the country. After a residence offour years,

Fernandez was removed from the island by orders from

the court of Portugal ; but the spots which he had cul-

tivated continuetl to supply the ships of his country

with seasonable and abundant refreshments la their In-

dian voj'ages.

The Portuguese succeeded in concealing the situa-

tion of St Helena from other European nations, till

the year 1588, when it was descried and visited by
Captain Cavendish on his return from a voyage round

the world. It soon became well known also to the Dutch
and Spaniards ; and the crews of the different nations

are accused of having wantonly laid waste the planta-

tions, and destroyed the live stock, as if grudging to

succeeding visitors any participation of the benefits

which themselves had enjoyed. Afler the Portuguese

had acquired so many ports on the eastern shores of

Africa, they removed entirely from St Helena, which
remained for a long time in a desolate condition ; but,

according to other accounts, they were expelled from

it by the Dutch, by whom it was again abandoned up-

on the establishment of their colony at the Cape of

Good Hope in l651. Upon their departure, the Eng-
lish East India Company immediately formed a settle-

ment upon St Helena ; and about ten years afterwards,

obtained a charter for its possession from Charles II.

Many settlers were induced, by the offer of lands, to

emigrate thither from England ; and slaves were im-

ported from Madagascar to work in the plantations. In

1665, the Dutch succeeded in an attack upon the island,

but in a few months were obliged to give place to the

English ; and after the destructive fire in London in

1666, numbers of the ruined families, who sought re-

lief in distant countries, removed to the new settle-

ment on St Helena. It was once more retaken by the

Dutch in 1672, through the treachery of one of the

planters, but was almost immediately recovered by an

English squadron under Captain Munden, and again

restored to the East India Company. The first fortifi-

cation was erected by the English in 1665, and a few

lines formed across the valleys, and batteries, slightly

elevated above the level of the sea, were at different

times constructed ; but more than a century was suffer-

ed to elapse before its impregnable heights were em-
ployed as posts of defence.

'fill the beginning of the 18th century, the his-

tory of the settlement contains httle else than a suc-

cession of petty contentions, insurrections, and muti-

nies A general spirit of insubordination appears to

have infected all ninks on the island, planters, soldiers,

and slaves ; and though every attention waj9 paid by
VOL. X. FAKT II.
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the Company fo support the internU ofsood Order, m©. Si M
rnhty and religion, yet two causes chitfly Hrem to hive
defeated all the good eflects of tluir rcguliiinns vir the Hm»n
injudicious conduct of the governors ui failii - k

^^
the first symptoms of disaffection, and the pr .

racter of the persons who pre«ide<l over the r ,.

struction of the inhabitants. An abundant ,„
of spiritsfrom potatoes was no inconsidernblt: auxiliary
to the spirit of disorder ; and this source of depravity
became at length so great a nuisance, that, in the ve«r
1700, all the stills were suppressed by an order from
England. Hut, by the wise and vigorous measurea «0
Governor Rol)erts. from 1708 to 1714, and by the pioot
exertions of Mr Tomlinson the chaplain, a degree of
tranquillity hitherto unknown was established in the
settlement, and a new era commenced in the history of
the island. The Company's lands were brought into
a promising state of improvement

; planting and inclo-
sing encouraged among the settlers; the culture of
vines and sugar canes intro<luced ; lime quarries disco-
covered and wrotight ; a manufactory of bricks and tiles
set on foot ; a code of the existing sututes arranged and
published for the information of the inhabitants ; and
the exercise of martial law in a great measure abolished,,
except in times of alarm or attack.

From the year 1727 to 1731, great encouragement
was given under Governor Byfield to the planting of
furze fences, both with a view to afford protection to
the lands, and to secure a supply of fuel. The increase
of trees also was greatly favoured by a resolution to
withliold the liberty of keeping sheep and goats, which
were so injurious to the young plantations ; and in place
of the general privilege, grants were given to indivi-
duals of keeping goats on certain parts of the Company's
waste lands, called goat-ranges. About the year 1749,
the Scotch and spruce firs were introduced by Governor
Hutchinson ; and acorns were at the same time planted,
from which oaks have grown to the size of 8 or 11 feet
in circumference. The same gentleman succeeded, after
repeated attempts, in introducing the coffee plant, which
is now regularly cultivatetl. The importance of St He-
lena l)ecame daily more manifest, as the trade and pros-
perity of the East India Company increased ; and, in
the year 1759, many important regulations were intro-
duced into both the civd and military establishments.
Towards the close of the year 1783, the tranquillity of
the island was seriously interrupted by an extensive
mutiny among the soldiers, occasioned by a few trifling

regulations respecting their punch horses, which ap-
peared to them of an insulting and degrading tendency.
After a slight skirmish, the insurgents were retluced,
antl the ringleaders executed. The mutinous disposi-
tion of the garrison was afterwards entirely suppressed,
and the whole character of the troops highly improved,
under the judicious management of Governor Brooke.
The place became even a nursery of excellent recruits

for the East Indies ; and, during his government from
1788 to 1800, more than 12,000 soldiers were sent to
Indiit. The same gentleman made great additions to
the defences on the heights, established a co<le of sig-

nals, built a new and safer wharf for the shipping, im-
proved the regulations relative to the treatment of th«
slaves, gave encouragement to many useful suggesticHis

for the improvement of agricultural operations ; and
by his active cnterprise.s, at the commencement of hos-

tilities with the Dutch in 1795, renderetl the little

island of St Helena peculiarly serviceable to Great Bri-

tain. His successor Colonel Patton evinced a similar.

t T
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Sj Helena, zeal and ability, in whatever concerned the welfare of

^"'V*"' the settlement. He particularly erected telegraphs,

rendered the guns on the heights more efficacious for

annoying an enemy, introduced the use of terra puzzo-

lana in the fonnation of aqueducts, and applied his at-

tention, by means of honorary rewards and religious

instruction, to improve the character of the slaves.

Many important agricultural improvements were intro-

duced by Governor Beatson, and particularly the use

of the plough in the tillage of the soil. In a volume of

tracts relative to the island, he has minutely pointed

out its various capabilities, and suggested divers plans

for its better administration and culture. The greatest

want under which the settlement labours, is the scarci-

ty of fuel, anil coals have actually been carried thither

from England. But the last mentioned writer main-
tains, that, with ordinary care, the island might be

made to produce in a few years a sufficiency of wootl

for its own consumption in fuel, and for all the other

purposes of life.

The island of St Helena, when first seen at sea, pre-

sents the appearance of a naked and rugged rock, ex-

tremely abrupt at its northern extremity, but more
shelving towards the south. Upon a nearer approach,

the central eminences are perceived clothed with ver-

dure, and towering to the clouds. Upon drawing still

nearer, these are again shut out from the view, and no-
thing is beheld but a girdle of inaccessible precipices

overhanging the ocean, some of them exhibiting the

most fantastic shapes, and others, rent down to their

base, disclosing the most liideous chasms. These rocks

are principally l^asaltic ; and the strata are observed to

lie in every possible variety of direction. The whole
mass has every appearance of having been produced by
a submarine volcano ; or, what some consider more pro-

bable, being the summit of a great submarine moun-
tain, which had formerly been a volcano. The sea

around the coast is of an imfathomable depth, and ves-

sels may pass within a cable's length of almost perpen-
dicular cliffs \6V0 feet in height. The only anchorage
is in Chapel Valley bay on the north-west and leeward
side of the island, where ships may lie in smooth water
from 8 to 25 fathoms deep. The tide rises sometimes
to the height of five feet ; and the surf upon the shore,
especially about the season of Christmas, is very tre-

mendous. Many lives were lost in approaching and
leaving the land in boats, till the new wharf was cor-
structed by Governor Brooke in 1790; but there is

only one instance of a shipwreck upon the island,

which happened at the time of its discovery ; and only
one also of a vessel being windbound in the roads. The
variation of the compass on the coast in 1768, was 12*

47' west; in 1777, 13° 15'; in 1796, 15° 47' .W ; in
1802, 16" 30'. The principal inlets by which the island
can be approached, are Jame?'s Town, Rupert's Bay,
Lemon Valley on the nortli-west side, and Sandy Bay
on the south-east ; all of them regularly and strongly
tbrtified. There are likewise several ravines where it

may be possible, though with great difficulty, for indi-
viduals to effect an entrance ; l)Ut even these are either
protected by batteries, or easily defended by rolling
stones from the heights. The "island is IQi' miles at
its greatest length, 6| in breadth, about 28 in circum-
ference, and contains 30,00v. -cres on its surface. There
are only two plains in the whole of this extent ; the
largest of whidi, at Longwood, comprises 1500 acres
of fine land, sloping gently to the south-west.

St Helena is unequally divided by a lofty chain of
hills, which runs in a curved direction nearly east and

nescrip-

tiOB.

west, bending towards the south at each extremity; and ."^t HcIeBa]

from which alternate ridges and valleys branch off in va- '^'""r"
rious directions, but chiefly nortli and south. Towards
the eastern termination of this chain is Diana's Peak,
the highest point of land on the island, rising nearly
2700 feet above the level of the sea. On the same
ridge are Cuckold's Point, 2672 feet; and Halley's
Mount, 2467. Nearer tiie coast, and overhanging the
sea, are Flag-staff, 2272 ; and Barnscliff, 2015. In the
centre of the island is the alarm house, I960. High
Knoll, to the southward of Ladder Hill, is 1903; and
Longwood-house, the official country residence of the
lieutenant-governor, is 1762 feet. On coming round to
the north-west and leewai-d side of the island, James's
Valley opens to the view. It is bounded by two
rocky mountains, Rupert's on the east, and Ladder Hill
on the west, which gradually recede from each other as
they approach the coast, where they terminate abruptly
in two stupendous and perpendicular cliffs. The space
inclosed between these heights is of a triangular form,
about a mile and a half in length, and 350 yards broad
its base, which faces the sea. In this confined spot is

situated James's town, which presents in its whole ap- Jaines'*

pearance, a peculiar combination of military strength,
*"""•

and rural simplicity. A fortified line extends from cliff

to cliff, fronting the anchorage, and covered with can-
non, nearly level with the water's edge. After passing
the draw-bridge, and advancing between a double row
of Peepel trees, (a species of India banian,) you enter
the town by an arched gate- way, under a rampart or
terrace, which forms one side of a handsome parade,
about 100 feet square. On the left side is the govern-
ment-house, usually named the Castle, inclosed with a
wall ; and directly fronting the gate-way is tile church,
a plain but not inelegant structure. Tlie principal

street, containing about 28 houses, commences between
the church and the Company's garden ; and, in its pro-

gress, divides into two other streets, one on the east

side leading into the country, and the other, which has
a number of well furnished shops, ])roceeding towards
the upper part of the valley, where the barracks, hos-

pital, and new garden are situated. The houses, gene-
rally two stories high, are neatly built in the English

style, and well white-washed. The town contains many
little gardens, groves, and shaded walks, and extends

the whole length of the valley, which gradually decrea-

ses in breadth, till at last there is room only for a single

house. The view on each side, from the streets, is aw-
fully sublime, and discovers enormous masses of rock

impending over the valley, in a manner sufficiently

alarming to the mind of a stranger. The roads which
give access to the interior of the island, and which have

been formed with incredible labour, by blowing up the

rocks, are carried along the sides of Rupert's and Lad-
der Hill in a zig-zag direction; and the ascent to the

summit is so easy, that oxen and carts pass along the

apparently perpendicular precipice without difficulty or

danger. For the space of two miles, nothing but naked Interior of

sterility and a rocky wilderness meets the eye of the the country,

traveller ; but the sight is soon gratified by the sudden
prospect of woody heights, verdant lawns, cultivated

plantations, and handsome little country seats. The
summit of High Knoll, particularly, presents a beauti-

ful series of such prospects, surrounded by a lofty ridge

of hills and precipices, which completely close in the

view, and finely contrast with the softer and richer

scenes which they inclose. On the south side of the

Knoll, about three miles from the town, is the gover-

nor's counti-y residence, called Plantation House, a
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Iiandsomc anil well-Iniilt edifice, erected in 1792. Its

environs, by the combined efibrts of nature and art,

havt> been rendered the most beautiful spot in the
islam!, iiesides the indigenous productions ot' tlie place,

tile pine of the north, the mimosa of New South VVales^

the coffee plant of Arabia, the banian and bamboo of
India, the African aloe and prickly pear, the apple,

peach, and mulberry of Europe, with various other

plants and trees, from tlie most opposite and distant

climes, arc to be found wiithin the inclosures. Long-
wood, the country residence of the lieutenant-governor,

on the opposite side of Ladder Hill, and also about
thi-oe miles from the town, is situated on an elevated

plain, or rather gently rising ground, on the summit of
which is a flag-staff, from which the place takes its

name. The aiijoining space was once nearly covered
with gum-wood trees, which, upon the opening of ave-
nues among them, were gradually destroyed by the
south-east wind ; but young trees which have been
since plantetl are thriving well, and the whole scenery
bears a greater resemblance to that of England, than
any other spot on the island. There are here about
1 500 acres of good meadow land, of excellent soil, and
capable, if supplied with water, of proving highly pro-
ductive. From Sandy Bay, which is about an hom-'s

ride from Plantation House, by a winding road along
the declivities of little gi-een hills, a still more romantic
and beautiful scenery opens to the view, of which ac-

tual observers have given the most enraptured descrip-

tions. " Though in general," says Mr Brooke, "a
bird's eye view lies before the spectator, hills rise above
him to an elevation much greater than the spot on which
he stands. Those on the let\, richly clothed with trees

to the very summits, display a wonderful contrast to

the wild and grotesque nakedness that triumphs on the
right, where shelving clifts, surmounted by huge per-

pendicidar and spiral masses of rock, ai-e multiplied un-
der every shape and aspect. The downward view
consists of a variety of ridges, eminences, and ravines,

converging towards the sea into one common valley.

Among this scenery are interspersed the dwellings of
planters, the different forms of gardens and plantations,

and the pasturing of cattle ; the prospect closing with
the distant sea, rushing in between two black craggy
cliffs, which the surf whitens with its spray. The infi-

nite diversity of tint that overspreads the whole of this

extraordinary picture, the majesty of one part, the re-

posing beauty of another, and the horror of a third, can-

not fail to delight and astonish every observer of na-

ture." " One feels," says Mr Johnson, " as iftransport-

ed into a new planet, where every object strikes by its

novelty, and is altogether unlike any thing which he
had ever before seen. All the surrounding hills, cliffs,

rocks, and precipices, are strangely fashioned, and so

fantastically mixetl and blended, that they resemble
more the aerial shapes which we see among the clouds,

than any thing composed of denser materials." But it

is from the summit of Diana's Peak, which is nearly in

the centre of the island, that the most complete view of
St Helena is brought under the eye. Nothing inter-

cepts the horizon; and all the detached scenes and
prospects are beheld at once, forming a picture incon-

ceivably diversified, and full of the most interesting

groups.

The climate of St Helena is remarkably temperate
and salubrious, and peculiarly adapted to the constitu-

tion of Europeans. In James's town, the thermome-
ter seldom rises above 80° ; but, in calm weather, the

lieat reflected froia the oides of the valley i« ftiniUBllj ** H«hai.
opiiressive. In the country, the temperatureM mora *" "» "'

mild and uniform ; scarcely *o hot, and never no cold,
as in Ivngland. In -some seasons, the highefit point of
the thermometer, during the summer, h«s Iwcn only
72" in the interior of the island ; anil the ordinary range
of Fahrenheit's scale, during winter, ii from W Ml
56°. The average temperature through the whole year
is from 66" to 7«° of Fahrenheit at James's town ;

from Cl" to 73° at the Plantation-house; and from
5()° to 68° at Longwood. The rains also fall more
equally through the whole year than in most tropical

climatCK, but most abundantly in the month of Febru.
ary. In the vicinity of some of the higher poi

cially of Diana's Peak, which, by l)eing C()\ li

trees, is supposed to attract the clouds, scarcely a day
passes without a shower. Cloudy <lays are more nu-
merous than those of clear sc<irching sunshine ; a cir-

cumst^mce whicJi has been remarked as propitious to
the growth of trees and pasturage, but unfavourable to

the ripening of European fruits. Thunder and light-

ning are scarcely ever exjierienced ; anil the atmosphere
is generally so clear, that a ship may be descrieil at the
distance of GO miles.

The soil is of a clayey nature, and well suited both 5<,q.
for European and Indian productions. It is in many
places of considerable depth, and always most produc-
tive in spots which are most elevated, and farthest re-

moved from the sea. Even on the summits of the in-

terior bills, the grass is often so luxuriant, as to reach
the knees of the oxen. Clear and wholesome springs
issue from the .sides of almost every height ; but they
form only very inconsiderable rills. A few of these,

especially those at Fisher's Valley and the Briars, are
not observably diminished in dry weather ; but, in ge-
ncnil, they are wholly dependant on the rains, or the
clouds, which are almost perpetually in contact with
the tops of the mountains.

Iron ore has been found in some parts of the island

;

but the scarcity of fuel prevents it from being brought
to the furnace. Appearances of gold and copper have
been observed, and some stones capable of taking a
beautiful polish. Limestone is plentiful ; and some of
it, a concretion of sand and shells, is of an excellent

quality ; but the cement used in ordinary buildings is

mud or earth, which is found to answer the purpose
extremely well, perhaps from its containing a mixture
of terra puzzolana. This last mentionetl substance,

which .-ibounds on the island, forms, in conjunction
with lime, a cement remarkably retentive oi? water,

and acquiring, from the contact of that fluid, the soli-

ility of rock : hence it is much used in the construction

of aqueducts.

The summits and sides of the interior hills are co> Vegetable

vereil with furze, of which the seed was brought from ptwluctioafc

England, and with various indigenous trees anil shrubs.

Of these, the most abundant u.sed to be the gum-wood,
of which there are three kinils, all evergreens, the com-
mon, the bastard, and the dwarf gum-tree. The last is

generally called scrub-iuood, and seldom grows higher
than three feet ; but the common kind has a tflerably

straight stem from 20 to 30 feet in height, and throws
out its branches and leaves in the form of an umbrel-
la. The bastanl species has less of the gummy tex-

ture, and is farther distinguished by having a smooth
leaf, and bearing its blossoms in small bunches. All

the kinils contain a highly aromatic gum, which ren-

ders the wood extremely pleasant as fu«l, for which

Minuals.
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St Helena, purpose it is chiefly calculated, though not altogetlier

^""Y"^^ unfit for building, if protected from the weather. From
the trunks of the common and bastard species, a sweet-

flavoured liquor, called by the natives loddy, issues

spontaneously ; and a bottle, so placed as to catch the

natural exudation, may be filled in the course of a night.

Of the other native trees, may be mentioned string-

wood, dog-wood, red-wood, or ebony, and the cabbage-

tree, of which the two last are very durable, and much
valued in building. Oaks, cypress, and pinaster, have
been introduced into the plantations, and thrive well.

The first, particularly, grows up very quickly, but de-

cays with equal rapidity, though the wood, when cut

in a sound state, is said to be of a very close gi-ain and
firm texture. The ferns of St Helena are very nume-
rous and beautiful ; and one species, called the tree-

Jern, grows to the height of 14 or even aO feet, with
leaves five feet in length. The myrtle, to which the

climate is peculiarly adapted, grows to the height of
30 feet, and the cotton plant thrives very readily. A
shrub, which the natives call samphire, but supposed
to be the barilla, grows spontaneously on the thin crust

of soil generally found near the sea, and yields from its

ashes a large quantity of the marine alkali for the ma-
nufactories of soap. The English vernal grass prevails

in tlie higher parts ; but, in the low grounds, the wire-
grass, or droop, is more abundant. This last is sweet
and nutritious, and suffers less than the other sorts from
hot or dry weather ; but, instead of it, a coarse herb,

called cow-grass, originally from the Cape of Good
Hope, has been introduced into many of the pastures.

Lucerne has succeeded in some situations, and is con-
sidered as well calculated for general cultivation.

Fruits, in general, ripen best in the Tallies near the
coast ; but almost on every farm are produced vines,

figs, limes, oranges, lemons, citrons, guavas, bananas,
peaches, quinces, pomegranates, tamarinds, mulberries,
melons, water-melons, and pumpkins. Mangos, cocoa-
nuts, sugar-cane, pine-apples, and strawberries, are
also raised in the island, but only in small quantities.

Apples have not succeeded generally ; but one orchard,
particularly, about three acres in extent, has been
known, besides other fruits, to yield in one season
Z'KOOO apples of a large size. Cherries have been tried,

but without success. Gooseberry and currant bushes
when planted, become evergreens, and yield no fruit

;

but the common blackberry, which was introduced in
the year 1780, has found the soil and climate so con-
genial, that it has completely overspread large tracts of
ground ; and, as the only remedy against its encroach-
ments, a public order was issued, and has uniformly
been in force, for its entire extirpation. A species of
yam, originally imported from Madagascar, is com-
monly cultivated in the vallies ; but it requires almost
continued moisture for fifteen months to bring it to per-
fection. During the last twenty years, however, the
culture of the potatoe has more profitably occupied the
attention of the farmer ; and three successive crops of
this valuable root are frequently produced in one sea-
son. Cabbage, peas, beans, and other garden vegeta-
bles, are raised everywhere in great abundance. At-
tempts have more than once been made to introduce
the cultivation of wheat, barley, and oats ; but proba-
bly from drought, or some unknown peculiarity in the
soil or climate, the experiment did not succeed. It is

more from this failure, than from the alleged voracity
of the rats and mice, that grain is not raised. Indeed,
a« the principal value of the inland consists in its being

a place of rendezvous and refreshment for the home- St Helen
ward bound ships from India, the cultivation of grain **""^

has been deemed of less importance, and less anxious-
ly encouraged, than the rearing of live stock, and the
production of wholesome vegetables.

The breed of cattle and sheep on the island is origi- Cattle &t
nally English; but, in consequence of the large de-
mands from the India ships, the stock is very scanty;
and the inhabitants during the greater part of the
year subsist upon rice and salt provisions issued below
prime cost from the Company's stores. Goats are nu-
merous, and their flesh well-tasted ; but pork, except
what is reared by the more opident inhabitants, is of a
very inferior quality, as the animals are chiefly fed with
the heads and offals of the coarser kinds of fish. Rab-
bits abound in some spots. Rats and mice are amaz-
ingly numerous, and frequently very destructive. In
1756, they are said to have barked the trees at Long-
wood for food; and in 1700 actually devoured one
another, so as almost to clear the island of the whole
tribe. With a little ordinary care, however. Governor
Beatson cleared his farms and gardens of vermin, as

completely as could have been done in England.
The canary bird abounds in the island ; and the Birds,

Java sparrow is a great annoyance to the farmers. Red
linnets are also numerous ; and are observed to build

two nests, in the uppermost of which the male bird

takes his station, and serenades the female with his

song during her incubation. Pheasants and partridges,

in consequence of their having been protected by go-
vernment, have become numerous; but the guinea-

fowl, with which the island was formerly well stocked,

are now seldom to be seen. The shores abound with
sea-fowl, which deposit their eggs among the cliffs;

and these, which are collected in the months of Octo-
ber and November, greatly resemble in flavour those

of a plover. One species of these sea-birds make their

nests in the more central and woody eminences, whe-
ther they are often seen flying across the country with
fish in their bills.

More than seventy kinds of fish are found on the pish.

coast ; but those, which are commonly caught, are

mackarel, albicore, cavalloes, jacks, congers, soldiers,

old-wives, bull's-eyes, &c. The coal-fish, from two to

three feet in length, are singularly delicate and high
flavoured ; but seldom more than eight or ten of them
are taken in the course of a year. The flying-fish,

when pursued by their various enemies, often drop
upon the rocks ; and some have been picked up, mea-
suring more than two feet in length. Whales are fre-

quently seen in the vicinity of the island ; and have
sometimes been killed in the roads by the south- tea

whalers. Turtle frequent the coast in the months of

December and March, and are oflen taken by the fish-

ing boats. Shell-fish are not uncommon, especially

one species resembling lobster ; and rock-oysters are

found in some situations in a solid mass, which may be
separated into distinct fish.

The whole superficial extent of St Helena is calcu-
.^gri,^,!.

lated at 30,000 acres, of which the greater part is a ture.

barren waste. About 8000 acres have been brought

into cultivation ; and much more might be improved

as pasture-ground, if water were conveyed to it, which
in many situations is perfectly practicable. Of the

cultivated portions, about l.'iOO acres are in the occupa-

tion of the governor, the lieutenant governor, and the

Company ; 4000, besides goat-ranges, have at different

times been let in leases at a low rent, seldom exceeding
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St Helena. 16s. per acre ; anil al>out 2300 have become free by the town, and tlie other in the country; and the mi. Si llflnu.

^'""V"""' original grants to settlers. In no country is farming • nistera of religion in *'" •••>••— t have, of !
" '"^T"^

more prutitable employment than at St Helena, when been as highly disti: 'leexcellcn
drougiita and other causes do not occasion a failure in character, as, in tia • .uik i ]m'jjiii1 of its hinturv, ui>-y
the crops. The richest lands produce three crops of were noted for their inconipeteticy and protligai'y.

potatoes in the year, amounting in all to 400 bushels The civil and mihtary establishnicnts tost at on nvc- Bevenue
per acre, which will sell at 8s. per bu&licl. The price rage i:!40,000 per annum ;

• and there is generally an
of labour, however, is high. The wages of a carpenter additional expenditure of £ 10,000 on the hea<l of ron-
are 6's. or 7s. a day ; of a mason, 4s. or 5s. ; of a com- tingencie?. The only revenue of the Company is di-
mon labourer as. or 2s. Cd. A black servant may be rived from the rents of their lands, which may amount
hired from jC 10 to i^^O jjer annum ; but must in ad- to about £1100, but gradually increasing as tlic old
dition be supplied with clothing, maintenance, and leases expire ; and from the profits of a monopoly of
medical attendance in case of sickness. The price of a arrack, which are estimated at £(i000. But tljey have •
slave of good character, and acquainted with husbandry dead capital of £^00,000 sunk in public works, naval
work, is £150; but others of inferior qualifications and military stores, &c. ; and also waruhouses for all

maybe procured for jC30. Even with all these ex- kinds of articles useful to the natives or the shinpinir,

pences of cultivation, the lands in general are estimated whidi, though sold at a profit of ten per cent, do imi
to yield a profit of seven or eight per cent. ; and, if cover the expences. But the best returns from the
wisely improved, as supposed by Governor Beatson, to island must be sought in the accommodation which it af-

be capable of affording an inexhaustible supply of fresh fords to the Company's shipping, and the security which
provisions and vegetables for the trade of the southern it provides for their commerce, against tlie hazards of
and eastern world. The use of the plough, drawn by the sea, and the attacks of an enemy. Its water, t cli-

oxen, so recently introduced by this officer, may tend mate, and vegetable productions, are so excellently

to diminish the expences of the farmer; but only 2000 adapted, particularly for scorbutic diseases, that many
acres are said to be capable of being tilled in this man- who have been sent to the hospital in the last stage of
ner, of which not more than 88 have been brought the scurvy, have, in the space of two weeks, been re-

under cultivation. As the roads are in general inac- stored to perfect health. It is generally acknowledged,
cessible to carts, particularly in the inland districts, however, that the spirit of monopoly renders all the ne-

the produce of the farms in the country is carried on cessaries of life immoderately expensive, especially to

men's heads, occasioning a great waste of labour, strangers ; and that a more abundant supply of fruits

Asses, however, have lately become an object of atten- and vegetables nn'ght be provided for the vessels which
tion, as suited for this service ; and their price has risen arrive in the roads, if it were not that the persons who
from £5 to £25. They are well adapted to the island, raise these articles for sale, prefer a high price to a

as they prefer those vegetables which the other animals large disposable crop ; antl would rather, it is affirmed,

refuse to eat. allow them to rot, than sell them at a lower rate. Fresh

Govera- By repeated charters from tlie crown of Great Bri- beef, which, by a regulation of the government, is fixe<l

Dimt. tain, the island of St Helena is assigned to the East In- at a certain rate, (of late years about 6d. or B^d. per

dia Company as perpetual proprietors, with all the pound,) is the only kind of provisions which can be

powers of sovereignty and legislation. The supreme procured at a moderate price. Other articles of food,

authority on the island is vested in the governor and a in the year 1805, were purchased at the following prices,

council. The council is composed of the lieutenant- which vary, however, considerably, according to the

governor, and senior civil servant, with the addition oc- demand.
casionally of a fourth and sometimes a fifth member as £ d £ d
the Court of Directors may judge proper These re- Turkeys, from . . iTo 6 to 2 o'each.
present the lords proprietors, supenntend all the con- Geese from 1 5 to 1 10 each,
eerns of the island, act as justices of the peace, and ex- jjucks, from .' .' ." 8 to 12 each!
ercise the ordmary jurisdiction of the ecclesiastical g^own fowls, from . 9 to 12 each,
court. '\Vhen the council IS not assembled, the whole Mutton, from . . 1 2 to 1 6 per lib.
authonty of the board centres m the governor, who p^^k, from ... 1 6 to 1 8 per lib.

may also exercise, as occasion requires, all the powers
p„tatoes, from .. a 8 to 10 Operbushel.

of Captain-General. The civil establishment consists £„„g ... 05 Oner dozen.
of an accountant, pay-master, store-keeper, and the se- Cabbages '.

'.'.'.'.','.'.
1 6 each,

cretary to government with their assistants, some of Pujnnkin's
'.'!'.'.'.!! 026 each,

whom are at the head of inferior departments, and
j^ilk, from ... 4 to 6 per quart

among whom promotion takes place according to se- turtle and coal fish, .... 008 per lib.

niority. The ordinary military force is composed of a
pj^jj ^f other kinds

corps of artillery, commanded by a lieutenant-colonel, from 02 to 003 per lib
a regiment of infantry, and five companies of white
and black militia, who are at times rather on the foot- Strangers residing in the town can be accommoda-

ing of volunteers. There are also a head surgeon, an ted in private houses, at the rate of thirty shillings, or

engineer, and a chaplain. one guinea a-day, with an excellent table, good wines.

The whole island forms only one parish, but is di- and comfortable lodgings,

vided into three districts, the East, West, and South or By the registered returns for the year 1805, the p^p^j^^j^^

Sandy Bay divisions. There are two churches, one in population of St Helena, exclusive of the garrison and

• The late additions to the officers and garrison, in consequence of Bonaparte's residence on the island, are said to have raited the an.

ual expences of tlie settlement to £300,000. '

f The water is excellent and abundant, and can now be conveyed so easily into the boats by pipti, Ifcat a tctt bat b««B knsm »
take on board 2000 ton* in less than three days.
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St HdeBa. Company's civil establisliment, amounted to 2064, of

whicli number 504 were white inhabitants, and 1560

blacks: Of the latter, 329 were free. In 1814-, the

whole population, including the garrison, which ought

always to be about one thousand men, was estimated

at 4000 souls. Upon an average of five years, from

1801 to 1805 inclusive, 165 ships touched annually at

the island ; and in time of war, when fleets are detain-

ed for convoy, the crews and passengers iVequently

equal the whole amount of the population. No stran-

gers are permitted to settle on the island, without per-

mission from the East India Company. It has been

recommended to allow the soldiers, whose time of ser-

vice may have expired, to remain as husbandmen ;

and to import Chinese labourers, who migiit be bound

to serve the Company in the first instance, but permit-

ted to hire themselves to others, when not required to

work for government. No importiition of slaves has

been allowed for a long time ; and those who belong

to the island, being generally treated with much kind-

ness, are rather increasing in number. The inhabitants

are in general a robust and healthy race, but rarely at-

tain to a great age. The diseases to which they are

subject, are principally of a catarrhal nature ; and yet

it has been observed that the driest seasons are frequent-

ly the most unhealth}'. The inhabitants of the town
retire to their farms and gardens during the greater

part of the year; but, upon the arrival of the home-
ward bound India fleets, they flock witli alacrity to the

town, open their houses for the accommodation of the

passengers, and entertain their guests with plays, dan-
ces, and concerts. They are a worthy, humane, and
cheerful race of people, superficially accomplished, and
sufficiently fond of gaiety. The young women are de-

scribed as very smart and agreeable in their manners.
They are bold and expert riders, galloping up and
down the most formidable precipices. Their complex-
ions are fine, and they are said to be very successful in

procuring hasty matches among those who touch at the

island, on their return from India. Most of the set-

tlers, more recently arrived from Europe, employ their

capital rather in mercantile than in agricultural con-
cerns ; and considerable gains are made among them
by the sale of European articles to the India fleets.

This extraordinary spot of ground, independent of
its political and commercial advantages, may justly be
regarded as a most interesting natural curiosity, and,
notwithstanding all that has been written respecting, it,

there is still wanting a scientific survey, and accurate
classification of its natural histray. But it has recently
become a peculiar object of curiosity to the nations of
Europe, in consequence of its having been selected as
the prison of Napoleon Bonaparte ; and as there ap-
pears to be but one opinion as to the justice and policy
of his detention, the principal point of enquiry general-
ly relates to its adaptation for the security of his per-
son. In addition to the almost inaccessible ramparts
with which it has been provided by nature, its eminen-
ces ai-e covered with telegraphs and watch towers, and
its various fortifications defended by nearly 500 pieces
of cannon, so that, with ordinary vigilance and a com-
petent garrison, it may be pronounced impregnable by
any external force. But though a rescue may be next
to impossible, an escape is not accounted impracticable.
There are various points on the coast, where one or
two individuals, with a certain degree of naval assist-
ance from without, (which the multitude of fishing
boats, and ordinarily favourable state of the weather
must tend to facilitete,) may, wiUiout much difliculty,

5

leave the island ; and instances have oceuiTed to prove,

that, even in an open boat, a run might be accomplish-
ed, with little hazard, to the island of Ascension, or
even to the coast of Brazil. See Lord Valentia's Trn-
vels, vol. i. Forbes's Oriental Memoirs. Campbell's
Travels in Africa. Brooke's History of the Island of
St Helena. Johnson's Account of St Helena. Beat-
son's Tracts relative to the Island of St Helena. (5)
HELIACAL, is a term derivecf from iSAitf, the swi,

and applied to the rising and setting of the heavenly
bodies. A star is said to rise heliacally, when, after hav-
ing been in conjunction with the sun, it gets to such a
distance from that luminary as to become visible in the

morning before sun-rise. \ star is said to set heliacally,

when it approaches so near to the sun that it can no
longer be seen in tiie evening after sunset.

HELICON, is the ancient name of a mountain in

Bocotia, near tlie Gulf of Corinth, sacred to Apollo and
the Muses, who thence received the name of Helico-
nides. Its modern name is Sagarn, pronounced Sacra,

an obvious corruption, as Dr Clarke has stated, of As'
era, a town upon Helicon, and the birth-place of He-
siod. Dr Clarke, who visited this mountain, has fa-

voured the public with a very interesting description

of it. Instead of proceeding to Lebadea, by the usual

circuitous route along the level countrj', he ascended
the mountain from Neocorio, passed by the monastery
of St Nicliolo to Sagara, and afterwards descended by
the monastery of St George to Lebadea. He ascended
in a north-west direction above the village of Neocorio,

and passed a chapel in ruins. On his right hand, there

was a rivulet flowing from Helicon towards the plain of
Neocorio, or Thespia ; and beyond this, on the opposite

side of the dingle through which this rivulet fell, he saw
from an eminence a village called Panaja. After tra-

velling along the north-east side of the mountain, he
reached iu about an hour the little monastery of St Ni-
cholo, situated within a sheltered recess of Helicon.

The mountain surrounded it on all sides, a ruined tower
belonging to Panaja appearing in front througli a small

opening. The aromatic plants filled the air with their

spicy odours. A perennial fountain threw its limpid
waters into the rivulet below; and the monastery was
almost concealed amid trees, no less remarkable for their

variety than for their beauty and luxuriance. The
fountain was covered witli moss and with creeping

plants, forming a pendant foliage over all the fabric con-
structed around it. In a church near the monastery,
Dr Clarke found a long inscription on the shaft of one
of the pillars, distinctly mentioning that the MOrXElA,
or games sacred to the Muses, according to Pausa-

nias, were celebrated near a grove upon Mount Heli-

con. This inscription, and other evidence, convinced

Dr Clarke that he had now discovered the fountain

Aganippe, and the Grove of the Muses. Hence it fol-

lowed, that the rivulet below was the Pemiessus, pa-
rent of Aganippe, called Termessus by Pausanias, and
flowing, as he describes it, in a circuitous course from
Mount Helicon.

A path winding through the grove, conducts from
the monastery to the spot where, upon the left hand,
the water gushes forth in a clear and continued stream.
" The work about the fountain," says Dr Clarke, " was
until lately very ancient, and not long ago there was an
antique cistern; in front of it ; but the present monks,
finding the work in a ruined state, undertook to repair

it, and thus destroyed much of its original and vener-

able appearance. In its state of restoration, however,

it is not without picturesque beauty ; for they have
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merely erected an arcade of stone, whence the water
issues, and tliis is already adorned by inof«s and creep-
ing; jilants. The walks «bo\it the f'ountiun, winding
into the deep solitude of Helicon, are in the highest de-
gree beautiful. All above is grand and striking, and
every declivity of the mountain is covered with luxuri.
ant shrubs, or tenanted by browzing flocks. Higher
up the mountain, at tlie distance of two miles and a half
from tliis grove and from the fountain Aganippe, was
the fountain Hippocrene, fabled to have sprung from
the earth when struck by the hoof of Pegasus."
From the Grove of the Muses, Dr Clarke descended

to the I'erraessus, and crossing that rivulet, he ascend-
ed in a north-west direction towards the higher parts
of Helicon. Wherever the surface was laid bare, he
found the rocks to consist of primary limestone. By
proceeding with difficulty along a craggy narrow path,
he reached the heights of Sagara, where he observed
part of the ancient jMved causeway, which formerly led
from Thespia to Ascra and to Lebadea. From this
point, which was two hours journey from Neocorio, the
whole of Boeotia was seen. The road now extended
south-cast anil north-west, and another hour was neces-
sary to descend into the deep valley in which Sagara is

situated. This valley is entirely surrounded by high
rocks, and by the towering summits of Helicon. A
level plain is seen below, having its woods and corn
fields almost buried in the deep bosom of the mountain.
A steep and rugged descent now conducted Dr Clarke
to the village of Zagara, which is divided into two parts
by a river fio\ying across this valley, one part of the vil-

lage being high above the other. The lower part
stretches into tJie level plain ; and above the upper part
a small white edifice, the monastery of Panaja, appears
embosomed among trees. Dr Clarke has shewn, we
think very satisfactorily, that this village iv the Ascka
of the ancients, the place of Hesiod's nativity.

After passing Zagara, Dr Clarke advanced among
the boldest rocks, and ascending by a narrow, steep,
and stony path, he reached the highest part of this road
over Helicon, " commanding a prospect," as he re-

marks, " which, in the grandeur of its objects, and in

all the affecting circumstances of history thereby sug-
gested, cannot be equalled in the whole world. The
eye ranges over all the plains of Lebadea, Chseronea,
and Orchomenus, looking down upon the numerous
villages now occupying the sites of those and of other il-

lustrious cities. From the spot where the spectator is

placed, the most amazing undulations of mountain sce-

nery descends in vast waves, like the swellings of an
ocean, towards Parnassus, whose snowy bosom dazzling
by its brightness, was expanded before us with incom-
parable grandeur."

After passing another fountain, and travelling a quar-
ter of a mile over an ancient paved way, Dr Clarke
reached a magnificent terrace, elevated as it were above
all Greece, and continuing to descend, the monastery of
St George appeared in view, bearing north and by west.
He then arrived at the village of Kotumala, about ^
hour from Zagara, and commanding the most sublime
views. After passing the remains of an aqueduct, and
the ruins of a city upon a hill, he reached Panori, two
hours distant from Kotumala. He then [wsscd two
bridges, and came in sight of Lebadea, which will be
described under that article.

We have thus given our readers a very brief account
of Dr Clarke's most interesting examination of the anti-
quities of Mount Helicon. They will naturally turn to
the original work for an ampler account of his journey.

The classical reader will feel himself inspired nt r\*ry 'I*"!

step, and will Nhare the fine iicntiment« which the eight
'

of ancient Greece awakened in the fint of modem
poets.

WhereVr we tread, *ti* haunted holy ground {

No earth of thine is lost in vulgar metild

;

But one viut realm of wonder «|>rcad> around.
And nil the Mum*' talea wem truly told,

Till thi' wnae ache* with gazing to behold
The scenes our earlieat dreams have dwelt upon

;

liach liill and dale, each deepening glen and wold.
Defies the power which crushed thy temples none

:

Age nhnkcs Athena's power, but spares gray MarathoM.
Long to the remnants ol thy splendour past

Shall pilgrims }>ensive hut unwearied throng ;

Long shall the vuyagcr with the Ionian blast.

Hail the bright clime of battle and of song ;

Long shall thine annals and immortal tongue

Fill with thy fame the youth of many a shore

;

Boaft of the aged ! Lesson of the young!
Which sages venerate, and bards adore.

As Pallas and the Muse unveil their awful lore.

BvKos's ChtliU Harold, Canto U.

See Clarke's TraveU, Part ii. Sect. iii. p. 92—1 18.

HELIGOLAND, or Helgoland, is a small group
of islands belonging to Great Britain, and situated op-

posite the mouths of the Elbe and the Weser, and at

the distance of nine German miles from each. The
islands of Heligoland consist, 1st, of the island of Heli-

goland ; 2d, the Sandy Island, called the Downs ; and
3d, of several reefs and rocks, of which that called the

Monk is the most remarkable. The island of Heligo-

land is dividetl into the High Land or the Cliff, and the

Low Land. It is said to be in a state of rapid destruction

from the encroachments of the sea; and it is reported

among the inhabitants, that tluring the kst century, it

has been reduced from 1 1 miles in length to its present

dimensions of 1 mile. The high land or cliff, accord-

ing to the measures taken by Dr Heinemeyer, is \(i6

feet at its greatest, and 88 feet at its least height, and
has a circuinference of 4200 paces. It is ascended by
a flight of 203 steps. The low land, which increases

sensibly every year, is connected with the eastern part

of the cliff by a rock about 500 paces long. The cir-

cumference of the low ground was 1400 paces in 1800.

The circumference of the whole island, including the

high and low grotmd, is 46(X) paces. The Downs, or

Sandy Island, is about two-fifths of the size of Heligo-

land ; but its extent is constantly varjiiig.

According to Dr MaccuUoch, Heligoland consists of iMinenlogi-

strata of intluratcd clay alternating with beds of gray ^[
''™*"

limestone, forming an angle of 30" with the horizon,

and dipping to the north-east. The clay is of a strong

red colour, and contains much oxide of iron, and some

carbon.itc of lime. The limestone is in some parta

formed of various marine remains, and in others it is

unitbmdy granular. Through both these are dispersed

in various places deposits of copper ore in small quan-

tities. These consist of carbonate of copper diffused

through the earthy matter, and of crvstallizetl masses of

the same substance ; and more rarely there are found

lumps of red oxide, mixetl with particles ofgray ore and

native copper. The beach is covered with various silice-

ous pebbles, containing grains of the same substance itn-

bcddcd in them, together with variously coloured por-

phyries and hornstones. On the shore are found belem-

nites, and other calcareous antl flinty fossil remains

;

and considerable quantities of pyrites, and carbonized

and pyritaceous wood, are contained in the clay strata.

This island is said to have suflered great physical re»
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Buildings.

Natives,

History.

volutions in the years 800, 1300, and 1500. TheDowns,
or the Sandy Island, was not only connected with the

low ground of Heligoland, but even a part of the reefs

was covered with earth. Other revolutions took place

in 16t9 and 1720. Before the first of these epochs, the

low land of Heligoland contained the isle called the

Downs ; and even before 1 720, there existed between

the two islands a narrow isthmus, which was seldom

covered with water, except during very extraordinary

tides. Since 1720, the two islands have been separated

by a strait called Waal, which is from 18 to 20 feet

deep.

The soil which covers the rock is from 3^ to 4 feet

deep, and is rather fat than sandy. It produces annu-

ally about 300 tons of barley, and a little oats. The
uplands afford good pasture for about 60 cows, and 400
or 500 sheep. In the north-west part of the island

there are three ponds of rain water, called sapskukn by
the inhabitants. The water of the two springs in the

low ground is fit only for cattle, and is scarcely of use for

washing. The principal revenue of the island is de-

rived from the fish which are caught. About 120,000

Lubeck marc of fish, amounting to about 230,000

francs, are exported annually.

There are two good harbours in the island, which
could be improved at a trifling expence. The northern

harbour, where the larger vessels of the islanders lie,

varies in depth from 7 to 42 feet at half-tide, and the

southern harbour, which receives the chaloupes, has a

depth of from 10 to 24 feet. To the east of the Downs
is a road, which has 48 feet of water. The tides ordi-

narily rise 9 feet, but with a north-west wind they rise

to a great height.

The island was defended in 1800 by four batteries,

that of the south-east, that of the south, and the high
and low battery on the north. The two first were di-

rected to the landing place for large vessels, and the

other two against the current between the islands.

They mounted 1 9 cannon, and 4 howitzers, with 56 re-

gular troops. The light-house serves to direct all ves-

sels that wish to enter the Hever, the Eyder, the Elbe,

the Weser, and the Jade.

There are no fewer than 342 houses in the high
ground, and 78 on the low ground, making in all 420.
The church, the magazine, and the public buildings,

are erected on the high ground. Those on the low
ground are merely the huts of the fishermen. A build-

ing has been erected on the sandy island for the ac-

commodation of those who may be shipwrecked upon
it. The population was 2200 in the year 1800. In
the same year there were 1 1 sniggs (small vessels ) on
the island, 97 chaloupes, and 80 yoles.

The natives of Heligoland are descended from the
Frisians, and have preserved their language and their

principal customs. They are chiefly employed in
fishing and piloting vessels up the Elbe, the VVeser, and
the Eyder. They live in huts, and lie upon planks pla-
ced one above another, though some of the houses in

the high ground are clean and well furnished. The
women plough and sow the ground, thrash the grain,
and grind it for food. They have neither carts nor
horses. They obtain from Nordhovet in Eyderstedt,
forage for their cattle in winter, and their fuel is got
from the ports on the Elbe.

This island is supposed by Malthe Brun to be the Alo-
kiai islands of Ptolemy. It appears also to have been the
Fosclisland, Fosteliind, or Phosteland, which appears in
the history of the 7th, 8th, and 9th centuries to have been
the seat of a peculiar worship paid to the idol Foseles,

who is supposed by some to be the Vesta, or Festa of Heliocew

the Romans, and the Hertha of the Scandinavians. The II

altars of this deity were, however, overturned in A.D. HcI'oijoII

86'6, and his temple changed into a monastery. In
""^

1403 and 1417, two famous pirates endeavoured to
establish themselves on this island, in consequence of
which it was put into a state of defence in 1,539. The
town of Hamburg was afterwards anxious to obtain
possession of it, but the Dukes of Holstein and Got-
torp, claimed with success this ancient dependency of
Denmark, and it passed with the Duchy of Sleswick
into the possession of the Danes in 1714. The Danish
government, however, neglected the great advantages
of this position, and did not put it into a state of de-
fence till the canal of Holstein was opened.

In September 1807, a small English squadron un-
der Admiral Russel blockaded the island, which sur-
rendered a few days afterwards, for the want of provi-
sions. Thirty-two pieces of cannon, besides field-pieces

and mortars, and a large stock of ammunition, were
found on the island. By the arrangements in the trea-

ties of Paris in 1814 and 1815, Heligoland has been
transferred to Great Britain. East Long, of the light-

house 7* 53' 13", North Lat. 54" 11' 39". See Malthe
Brun's Annale's des Voyages; Carr's Northern Summer;
and the Geological Transactions, vol. i. p. 322.
HELIOCENTRIC. See Astronomy, vol. ii. p.

654.

HELIOGABULUS. See Rome.
HELIOMETER from nhii; the sun, and uir^m t»

measure, is the name given by M. Bouguer in 1747, to
an instrument for measuring the diameters of the sun
and moon. It diflfers in no respects from the divided
object glass micrometer, which had been previously

invented by Mr Savary, excepting that in the helio-

meter, two whole object glasses were used instead of
two semilenses. The object glasses are separated by
a screw, as in Savary's instrument. See the Memoirs
ofthe Academy ofSciences 1748, and our article Astro-
nomy, vol. ii. p. 734. A new heliometer, in which the

semilenses are fixed at a certain distance, and the va-

riation of the angle produced optically, is described in

Brewster's Treatise on New Philosophical Instruments,

p. 31. and 173. See also Miciiometek.
HELIOPOLIS, from )i>.(05, and woAij, the city of the

sun, is one of the most ancient cities in the world of
which any vestiges can now be traced. The most en-

lightened philosophers of Greece and Rome were at-

tracted to this celebrated seat of learning. It was here

that Herodotus became acquainted with the sciences

and mysteries of Egypt. Plato was here taught philo-

Sophy, and about 30 years before Christ its ruins were
visited and described by Strabo.

Strabo describes Heliopolis as built upon an artificial

mount of earth, so as to be out of the reach of the in-

undation of the Nile ; but owing to the accretion of soil

from the annual inundations of that river, the place

where it stood is now a perfect plane. In this city was
erected a temple to the sun, where a particular part was
appropriated for the feeding of the sacred ox, which was
here worshipped under the name of Mnevis. There was
also another splendid temple, with avenues of sphinxes

and superb obelisks before the principal entrance. Out
of the four obelisks whicli were erected here by Sochis,

two were carried to Rome, one was destroyed by the

Arabs, and the fourth still remains.

When Pococke visited Heliopolis, he observed the

fragments- of sphinxes still remaining in the jinoient way
leading to the eminence on which the temple of the sun,

1
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stood. These sphinxes arc, however, no. longer visible.

They are no doubt covered witli the soil deposited by
the Nile; and we agree with l)r Clarke in thinking,

that not only the sphinxes, but even tlie pavement of

the temple, might be disclosed by a very trilling exca-

vation.

The obelisk or pillar of On, which is now the only

piece of antiquity that marks the site of Heliopolis, is

about ()8 feet liigh, and 6^ feet wide on each side. Ac-
cording to Dr Clarke, who has given a very correct en-

graving of it, it is one entire mass of reddish granite.

EacJi of its four sides exhibits the same characters, and
in the same order. Those which face the south have

been the least aflected by the decomposition of the sub-

stance in which they are hewn ; and it is from the

southern side that Dr Clarke's engraving is taken. For

a particular account of this obelisk, and tlie hierogly-

phics which it contains, the reader is referred to Kir-

cher Si/ntagma Vlll. Theat. Hieroghjpk. CEdipi E^i/p-

liaci, torn. i». p. 330; Pococke's Drscriptiou oj Ike

East, vol. i. p. 23; .ShawVi Trai'els ; Norden's Travels;

but particularly Dr Clarke's Travels, part ii. sect. ii.

p. 98.

HELIOSTATE, or Heliostata, from i)>ii«« the sun,

and iin:r,y.t I stand, is the name of a very ingenious and
useful instrument, invented by Dr s'Gravesanile, who
was professor of mathematics at Leydeii. The object

of it is to give such a motion, by means of clockwork,

to a polished mirror, that the beam of the sun which it

reflects may be fixed, or remain in the same position du-

ring the diurnal motion of the earth. Hence it is of

great use in all optical experiments, in which it is re-

quired to transmit the solar rays into a dark room.

The heliostate, which is represented in Plate CCXC.
Fig. 1. consists of two principal parts; 1st, A plane

metallic speculum, supported by a stand ; and, 2d, A
clock for giving motion to the speculum. The specu-

lum S, contained in a wooden frame, is placed in the

brass case a, a, and is suspended by the handle AA, so

as to have a free motion round an axis a a, which
should pass along the surface of the speculum. The
handle AA is joined to the cylinder C, whose axis is

coincident with the middle part of the axis o a of the

speculum. The axis of the tail DF, joined perpendi-

cularly to the back of the speculum, is directed to the

same point. This tail is made of a cylindrical brass

wire, about the sixth part of an inch in diameter. The
cylinder C is put upon the wooden stand P, the upper

part of which is shewn separately in Fig. 2. The
smooth iron cylinder e goes into a cavity in the copper

cylinder C, so that by the motion of the tail DE, the po-

sition of the speculum may be altered at pleasure, 'rhe

wooden stand P is raised and depressed by the three

brass screw-j B, B, B, turned with a key, and moving in

a plate of brass.

The clock is represented at H, with an index which

revolves once in 24 hours. The plane of the clock is

inclined to the horizon, at an angle equal to the co-la-

titude of the place. The copper pillar FG, which sup-

jwrts the clock, consists of two parts, joined by the

screws d, d, between which, as in a sheath, is moved
an iron plate, in the middle of wiiich there is a slit

through which these screws pass. This plate is fixed

to the lower plate of the clock itaelf, to that it ean he iicb««a«*.

raised and depressed, and fastened at any height !> •

^"^^

screws d, d. The same effect may also be pro<lu< ,''

the screws I, I, I passing through the copprr pUtc* ki^ I.'

L, E, M. The extremities b c, h' c' must be in the same
straight line, and a vertical plane p.i.siing throu);h them
must be perpendicular to the horizontal lines drawn on
the plane of tlie clock, such aa/'g, It i.

When the plane of the clock is inclined at an angle

equal to the co-latitude of the pl.ice, the plane EEM
must l)e brought into a horizontal position by the plum-
met Q, the point of which is made to coincide witii a

point o, marked on the foot M. But if it were re-

quired to use the instrument in another latitude, another

point o would require to be marked ; and it would be
neces8.iry to incline the plane ELM to the horizon. The
axis of the wheel which moves the index has a cylindri-

cal perforation, but a little narrower below than above.

The index, shewn separately at ON, in Fig. 3. is made Pig. 1
of brass, and has a tail p q exactly filling the above

mentioned perforation, into which it is thrust tight, so

as to stick and be carried along by the wheel. The
tail ;; q has also a cylindrical hole, through which
passes the small brass wire / k, which remains in any
position into whicli it is put. At the end o of the in-

dex there is a small cylinder n perforated cylindrically.

The length of the index n n' was six inches in s'Graves-

ande's machine.

The iron tail I (Fig. 4.) of the piece T goes into the pig. 4,

cavity n. Fig. 3. as shewn in Fig. 1. and moves in it

freely, though not loosely. The small pipe R, Fig. 5. pu^ j.

through which the tail DE of the speculum may be mo-
ved freely, may be suspendetl at different heights be-

tween the legs of the piece T (Fig. 4.) by the screw
»• r going into the parts m m of the pipe. The pipe can

then turn freely round m m as an axis.

In order to fix the machine, another part, calle<l the

placer, must be usetl. The cylinder and the specu-

lum being removed from tlie stand P, tlie brass pillar

VX ( Fig. 6. ) is stuck tight upon e. Fig. 2. The ruler pig. g.

YZ moves round a centre at X, so as to remain in any
position in which it is placed. The arm XZ has a

peculiar construction and a certain length, but the

length of XY is determined at pleasure. T/ie end X y
of the ruler, which does not extend beyond y, is in-

cluded between other two, viz. x Z, and are on tlie oppo-

site side. They are joined at Z, and are kept together by
the screws 2, z, which pass tlirough a slit in tlie enclos-

ed ruler X y. On this ruler is marked the small line

V s, whose length is equal to yf 5- parts of the length of

the index. The arm XZ is equal to the length of the

index, reckoning from the centre of motion at X to the

end Z, when x coincides with v, where the divisions on

V s commence. The line v s, which is unequally di-

vided, serves to determine the lengtli of the arm XZ
for different times of the year, by bringing x to the di-

vision corresponding to the given day when the ma-
chine is usetl.

In order to mark the divisions, the arm is supposed

to be divided into iOOO parts, hence f 4 will be 90
parts. The distances corresponding to different times

of the year, aie set dow n in the following table.

2 1st March. 1st March. 2 1st Feb. nth Feb. 1st Feb. 21st Jan. 11th Jan. 21 st Dec.

21st Sept. nth Oct. 21st Oct. 1st Nov. 11th Nov. 21st Nov. 1st Dec. 2Ut Dec.

Parts, Parts.

8

Parts.

17

Parts.

32

Parts.

47

Part$. Ports.

77

Parts.

90

VOL. X. fAHT II. 4U
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HeUostate On the opposite side of the ruler is drawn another line corresponding to v s, the divisions for which are

!l given in the following Table.

^—"V—

^

21st March. 11th April. 21st April. 1st May. 11th May. 21st May. 1st June. 21st June.

21st Sept. 1st Sept. 21st Aug. 11th Aug. 1st Aug. 21st July. 11th July. 21st June.
Parts. Parts. Parts. Parte. Parts. Parts. Parts. Parts. .

11 22 36 51 66 79 90

Method of The instrument being thus constructed, is used in of four streets, which meet in a centre, and form a cross,

using the t},e following manner. Having adjusted the point x and a channel of water runs through each of them.
instrument,

^f ^j^g pjacer to the division for the day of the month, The market-house and town-hall stand near the middle
Plate place XV upon the stand P, and put the ruler Y into of the principal street. The church, which was erected
<;cxn.

jjip position and direction in which it is wished to fix in 1762 on an eminence to the north, has a pinnacled
'S- '• the solar ray. The lines be, h'c' are placed in a meridian tower 90 feet high, which forms a conspicuous sea

line drawn on the plane, and the point of the plummet mark. There was formerly a priory and a strong

Q is brought to o. The index NO is then turned till castle at Helston. Some vestiges of the castle were
the sun's rays pass directly through the pipe R, which seen in the time of I.eland. The priory of the knights

maj' be varied in its position till this is effected. The of St John of .Terusalem was at St John's village, near

brass wire /A is then raised or depressed till the shadow the town. The remains of it were destroyed some
of the end of it / passes through the middle of the pipe years ago to make room for a Methodist meeting-house.

R. This part of the machine is then moved to the The town is governed by a mayor, five aldermen, a
pZacer as formerly adjusted ; but the clock is moved and recorder, and sworn freemen, amounting to 36". Hel-
raised in such a manner that the end I of the brass ston was one of the original stannary towns, but very
wire / k may coincide with the e!id Z of the ruler YZ. little tin is now stamped here. Vessels take in their

The sun's rays, and the shadow of / passing through R, lading at a good harbour, a little below the town. Near
and the point of the plummet corresponding with o

;

Helston is a curious heap of stones, piled up in the

the pillar VX with its ruler is removed, and the cylin- form of a circle. It is called Earth Castle, and was for-

der C, carrying the speculum S, is substituted in its merly used as a fortification.

place, without altering the position of the stand P. The The population of the burgh and parish, in 1811;
jjiece T is taken out of its place, that the tail DE of was,

the speculum may be put through the pipe R; and when Number of inhabited houses ... 328
thep.eceTisrepkced the machme is then ready for Nmnber of families 531
use. The rays reflected from the specdum have the

]litto employed in agriculture . . . 119
same position and dn-ect.on as the ruler of the placer

;

pj^t^ j„ j^ad^ ^.^j manufactures . . l66
and while the tail of the speculum moves with the Males QS^
clock, whose index follows the sun, its situation is al- Females

' ' ' „r-a

tered with respect to the sun, but the ray reflected from
'

^___
thecentreof the speculum remains fixed By substi-

Total population in 1811 .... 2297
rig. 7. tuting the index K, r ig. 7- in place of NO, the ma- -v

chine becomes a common clock For a demonstration See the Beauties of England atid Wales, vol. ii. p,
of the truth of the preceding construction, the reader is 455
referred to s'Gravesande's Physices Ekmenta Mathe- HELVETIA. See Switzerland.
matica, torn. ii. p. 714. HELVETIUS, Claude Adrian, a celebrated me-

Simple he- ^ yery simple substitute for the heliostate, as pro- taphj'sician of the modern school, was born at Paris in

""^^'^Ij''"''
posed by Dr "Thomas Young, is shewn in Fig. 8. A January 1715. His ancestors, originally of the Palati-

Dr Young, '"•'"'"r C is fixed on the outside of a window facing the nate, had been obliged, by their attachment to Protestant
south, opposite the aperture D, through which it is principles, to remove to Holland. His father, grand-

CCXxf required to transmit the solar rays. Another mirror is father, and great grandfather belonged to the medical

fig. 8." fixed by a joint to a rod A B, moveable about its axis, profession, and were all men of eminence. Hisgrand-
and parallel to the axis of the earth. The mirror A fkther in particular obtained celebrity bj' the introduc-
being placed in a position required for the day, so that tion of ipecacuanha into the Materia Medica. M. Hel-
the light which it reflects is received at such an angle vetius, the father of the subject of this article, was
tipon C, that it may be transmitted through the aper- physician to the Queen of France, .and held m great ho-
ture. In order to keep the ray in this position, nothing nour at court, was well known through Europe as a
more is necessarj- than to turn the axis BA round on its man of talents, and highly esteemed by all who knew
socket. See Young's Nat. Phil. vol. i. p. 126, 785. An- him, for the probity of his character. He gave his son
alogous contrivances by Peyrard will be found in the an excellent education, by placing him very early under
Phil. Magazine, vol. xxxvii. p. 183, &c. the care of an intelligent tutor, M. Lambert. The
HELIOTROPIUM. See Mineralogy. young Helvetius was remarkably docile, and rapidly
HELIX. See Conchology, vol. vii. p. 79. imbibed the spirit of the different authors whom he
HELLESPONT. See Turkey. read; and from his exquisite sensibility to pmise, he
HELMINTHOLOGY, is a term in zoology, derived rendered himself an early proficient in literature, dan-

from i^fii»(, an earth-worm, and a»»/»;, a discourse. Un- cing, fencing, and the various other accomplishments
der this head are included those animals which Lin- which protluce admiration. At college he became
nsBus called vermes. For an account of the different warmly attached to the philosophy of Locke. To trace
orders of this class, see Animalcule, Conchology, all mental operations to sensation, appeared to him a
Intestina, Mollusca, Radiata, and Zoophytes. happy explanation of these complicated phenomena;
HELOISE. See Abelard, vol. i. and he became animated with an ambitious desire to
HELSTO>f, a town ofEngland in thecountyofCorn- improve and extend the principles which he so much

wall, is situated on the side of a hill, which slopes gently admired. At the age of twenty-three, he obtained the
to the little river Cober. The town consists principally very lucrative situation of a farmer-general. He in-



HELVETIUS.
Helvciius. dulged the habits of a man of pleasure, but not with-

out maintaining a degree of masterly prudence, which
enabled him to manage his fortune without incurring

incon%'enicnce, and to give elficieney to the feelings of
a noble humanity, by devoting n great part of liis in-

come to benevolent acts. He assi(luou>«ly sought out

and rewarded talent and merit, and always observe<l a
delicacy of manner which avoided the slightest wound
to the pride of the most fastidious ofthoie whom lie

served. Intent on the improvement of his own powers,

he cultivated the society of Fontenelle, discussed along

with him the doctrines of Locke and of Hobbcs, and
with his aid successfully cultivated the talent of expres-

suig his ideas with perspicuity. He also became ac-

quainted with Montesquieu and V^oltaire, and profited

in a similar manner by his intercourse with each of

these eminent scholars. The earliest literary labour of

Helvetius, was his poem on Happiness, in the compo-
sition of which Voltaire gave him great encouragement,

and inculcated on him maxims which he himself had
felt to be important, particularly on the indispcnsible

necessity of truth of description, and regularity of lan-

guage.

In the office of farmer-general, Helvetius was the

uniform advocate of humanity, and exerted his influence

to obviate the hardships to which individuals were so

often liable, from the persons employed to collect the

revenue. Here he had to contend with men long in-

ured to an unfeeling system of procedure. In niiiny of

his remonstrances with the other farmers-general, his

perseverance was rewarded with success : but his em-
ployment was on the whole accompanied with much
disgust, and was further rendered unpleasant by the

time which it occupied, and which he was desirous of

devoting to philosophical studies. He therefore re-

signed its advantages, and with a sum of money
which he had saved, he purchased an estate in the

country, to which he retired. He man-ied Mademoi-
selle Ligniville, after an acquaintance of 12 months,
formed at the house of Madame Graffigni, the au-

thoress of the Peruvian Letters. In compliance with

the wishes of his father, he still passed a few months
aimually in the metropolis, attended court, and ac-

cepted of the situation of Maitre d' Hotel to the Queen.
He took as inmates of his house two persons who
had been his secretaries, chiefly from motives of be-

nevolence. One of these, an unhappy cross-tempered

and sarcastic character of the name of Bandot, presum-

ing on his knowledge of Helvetius in his infancy, habi-

tually treated him as a harsh schoolmaster treats a child.

This circumstance is worthy of mention, for the light

which the indulgence given to him throws on the cha-

racter of Helvetius. Baudot's great delight was to dis-

cuss with liis master the whole conduct, talents, cha-

racter, and works of the latter ; and the discussions

imiformly ended with satirical abuse. Helvetius, after

retiring with his wife on such occasions, sometimes

said, " is it possible that I am so deficient as this

jTian represents me.' I do not believe it, but I la-

bour under these defects to a certain degree ; and if

I did not keep Bandot, I should have no one to point

them out."

In his rural retreat, he composed his work De FEsprit,

or " An Essay on the Mind and its Faculties," which

was published in 1758. In this work, he developed

with much eloquence, and followed to some bold con-

clusions, the principles which he had imbibed from

Locke, that all thought is a modification of physical sen-

sation. He makes this the foundation of a system of

public and private morals. This work had a power-

ful political efTect. It was written under an im-

707
preMion, that the numerous avils of lociety are the ittttttiu..

offspring of corrupt institutions and ntroiigly protect- '"* ^
ed prejudices, and ibnt the true source of thi.-m had
been conceale<l by the want of analytical views of hu-
man nature and society. Tiu-st! fruitu of hi* ntudieii

were presented to the world in a style and manner
which were fitted to make a deep imprcstiion. Hia
mode of representing the subject Mih.% favourable to
that rage for pleasure, and that tendency to licentious-

ness in some points of morality which had long prevail-
ed in France. The author, however, in publishing it,

gave a pledge of his sincerity, by risking all his honour*,
his property, and the whole peace of his life. His opi-
nions were in some points wrong, and some of their

tendencies were injurious ; but we <lo not ste in his
mode of stating them, marks of such haste or obati-

nacy as would have disinclined him to sacrifice any pas-
sion which he found really hurtful, or from renouncing
the eclat of a philosophical reformer, 'if truth and con-
sistency had been shown to lie on the opposite side.

The points at issue between him and his adversaries

were of equal importance to all, and the prohibition of
his writings can only be attributed to the love of power
on the part of otiiers, and a senseless dread of the con-
sequences of free inquiry.

He was first attacked in some of the popular jour-
nals, with criticisms which contained some trutli and
plausibility mingled with marks of the lowest supersti-

tion and ignorance, and which were animated with the
bitterest style of denunciation and invective. The
doctors of the Sorbonne issuetl their censures against

his heresies, which they enumerated in such concise

propositions as the following: That physical sensibility

produces our ideas ; that pain and pleasure are the
sources of thought and action ; that the desire of happi-
ness is sufficient to conduct men to virtue ; that mora-
lity is, like physics, an experimental science ; that vices

and virtues proceetl from different modifiaitions of the

desire of happiness ; that virtuous actions are those

which are useful to the public ; that it is by good laws

that mankind are rendered virtuous ; and, that the chief

cause of all existing vice is the ignorance of legislators,

who set the interests of individuals in opposition to that

of the public.

His first and most zealous enemies were the Jansen-
ists, whose influence in the parliament of Paris procu-

red from that body a condemnation of his work. Their
rivals the Jesuits, who had been spared by Helvetius,

and with some of whom he had lived on friendly terms,

made no public appearance against him till called upon
by the general voice, and a regard for the character of

their order. One of their number, a friend of Helve-
tius, conceived the plan of procuring from him a re-

tractation of his errors. To gratify this friend, Helve-

tius subscribed a sort of apology, and afterwards ano-

ther, which was ampler and more humiliating, with a
view to save from persecution the public censor, who
had suffered his work to pass the ordeal required by
law. This, however, was not satisfactory : Helvetius

was deprived of his situation at court ; Tercier the

public censor lost his office; and the interference of the

council was necessary to save both of them from further

severities meditated by the Jansenists and the parlia-

ment of Paris.

The philosophical doctrines to which this author was
attached, comprehend a subject too extensive to be dis-

cussed in this article: (See Metaphysics.) But we
find his opinions reprobated even by some liberal minds,

along with those of some of his cotemporaries, us tend-

ing to degrade human nature, and dtstroy the dignity

of moral truth. We do not apprehend, that such ten-
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Htlvetius. dencies arose from any metaphysical opinions on the
1 ~ nature of matter and mind, subjects wholly unknown,

and on which no opinion can be said to exist. The
practical evils complained of seem to arise from a par-

ticular mode ofemjjloying words, tending to discourage

all elevated conceptions, and thus generate in some in-

dividuals a degree of indignation, while its plausibility

seduces others, and insensibly mars their love of moral
order. An inordinate propensity to dwell on analytical

views, sometimes withdraws the attention of the mind
from theacknowledgment of magnificent objects. When
the phenomena of mind are minutely dissected, and
shown to consist of the same materials with others of a
trivial nature, such as the puncture of a pin, or the ti-

tillation of a feather, all the pleasure arising from the
novel exercise of acuteness implied in the tracing of
these general analogies is of short duration, and the ut-

most circumspection is afterwards necessary, to resist an
exclusive tendency to cherish detached sensibilities, and
degenerate into a mean direction of sentiment and con-

duct. Persons thus influenced, consider all differences

betwixt higher and meaner objects as depending on
differences of arrangement, without duly acknowledg-
ing the importance of that principle of arrangement
which deserves their veneration much more than minor
insulated objects. The error of not acknowledging the

importance of differences, merely because we are plea-

sed with the generalization implied in the discernment
of analogies, is also a radical fault in the use of the in-

tellectual powers tending to the same moral confusion.

It is not the mere pointing out of such analogies that

does harm, but the undue rank that is assigned to them.
To say that virtuous and vicious actions are equally ex-

plicable on the principle of self-interest, has an apparent
tendency to smooth over the difference between them.
Our previous sense of their difference renders us averse
to consider them as possessing any thing in common.
But if any person should think it worthy of mention,
that these two sets of phenomena agree in possessing
the essential quality of activity, and are reducible to

the varied motions of the human organs, no dangerous
consequences could be apprehended, because such a po-
sition never could make a prominent figure in a moral
treatise, so as to distract the mind from distinctions of
essential importance.
Even a general test of morality is not sufficient to

obviate the noxious effects of magnifying such analogies.

The annunciation of this summary doctrine, that public
utility, or the promotion of the greatest sum of pleasure,
is the ultimate end of virtue, is even productive of some
disadvantage. Although it may have been tacitly ac-
knowledged, those who are averse to innovation feel in
it something different from what they have considered
as a definition of virtue ; while those who are dazzled
with it as an important discovery, satisfy themselves
with vague appeals to this general test, in cases which
require more minute discrimination, or perhaps the spi-

rit of morality evaporates amidst the interminable dis-

putes which those who trust in the all-sufficiency of
tliat principle maintain about its particular applications.
Some launch into an ocean of the wildest confusion, and
merely because they associate their actions with the ac-
knowledgment of this generalizmg principle, imagine
that they are men of superior virtue. This mode of
thinking has proved a frequent source of imprudence,
unhappiness, and misanthropy.
The works of Helvetius are probably less read now

than formerly. This may be partly the effect of the
influence of indiscriminate acrimonious censure; and,
although their merit is not of the highest order, it may

in a short time give way, among some readers, to an Helvetius.
(

equally indiscriminate admiration. It is therefore use- ^—~Y"
ful to be aware of some of their tendencies, which must,
on consideration, be allowed to be injurious by men of
all varieties of theoretic opinion. One of the most un-
tenable of the opinions of Helvetius was, that any dif-

ferences in the original endowments of men are of no ac-

count in giving origin to the differences between mind
and mind which appear on the great theatre of the

world.

The conflict which took place between the sentiments

of this author and those of the age in which lie lived,

only afforded a specimen of a scene of hostility in moral
literature, which was much more extensive; and, when
we consider the spirit of mutual defiance in which both
parties indulged, we cannot wonder at the antipathies

which it created, and the dismal political dissensions

which flowed from it as soon as the restraints imposed
by existing institutions were withdrawn.
The works of Helvetius were, through the influence

of the French clergy, condemned by the Roman inqui-

sition ; but they were universally read and much ad-

mired in Italy and the whole of Europe. Even the

dignitaries of the church, among whom was Cardinal

Passionei, wrote complimentary letters to thank the au-

thor for the fund of instruction and delight which he

had afforded them.
The tide of popular sentiment, however, was so

adverse to him in France, that he found it prudent

to leave that country for a time. He visited England,

and was much pleased with some favourable features in

the state of English society as contrasted with that of

France, particularly the happiness and contentment of

the lower orders, the prevalent warmth of parental af-

fection, and he even construed the want of free associa-

tion among adults to their exemption from ennui, and
from all dependence on frivolous amusements. He also

visited Prussia, where he was received with great at-

tention by the king, lodged in his palace, and freely ad-

mitted into his familiar parties.

When the storm raised against him in France had
subsided, he returned home, and prosecuted his studies

at his estate of Vore. He employed himself in extend-

ing the doctrines of his first work, in a '• Treatise on
Man, his Faculties and Education ;" but had the pru-

dence to give nothing more on the subject to the pub-

lic. Being attacked with the gout in his stomach, he

died in December 1771-

The private character of Helvetius was distinguished

by great humanity. He was a most indulgent landlord

;

and Madame Helvetius and he concurred in the execu-

tion of continual plans of beneficence. His lands being

infested by poachers, he sometimes was provoked to

punish them ; but the slightest appearance of suffering

produced instant reconciliation, and awakened all his

benignity.

After his decease, his poem De Bonhenr, on which

he had long laboured, was given to the public. The
object of this poem is to recommend literary improve-

ment as the only source of true enjoyment. For this

he has been blamed as restricting happiness to the pos-

session of advantages which are confined to a small

part of mankind. But, when we consider the life which

he recommends as opposed to gross sensuality, vulgar

ambition, and the pursuit of wealth, we shall find his

poem to contain much valuable truth. It is equally

true that, if we withdraw our attention from these li-

mited contrasts, and leave out of view the interests of

persons who, in consequence of indulging in an inoi"-

dinate passion for particular objects, have become the
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Hemtdia- victims of cha)[p-in and disappointment, we shall find

happiness an object which is better secured by mea-
sures of a diflferent kind, but which were condemned
by Helvetius as hauf^hty, stoical delusions.

His work on Man was also published after his death.

It is in some respects more profound than his former
work ; but it is written in a similar strain, and liable

to the same objections. His disquisitions were con-
ducted on a limited scale: he was betrayed, by a love

of simplicity, into precipitate conclusions : and his pre-

tensions were by far too gigantic, either for the extent

of his talents or the success of his researches. (//. D.)
HEMIDIAPENTE, in music, is an interval whose

ratio is J{, = 311 s:-f-6'f-f27m, or the minor Fifth,
which see.

HEMIDITONE, in music, is an interval whose ra-

tio is |, = 161 £ {- 3 f
-f- 14 m, or tlie minor Third,

which see.

HEMIOLIUS, in music, an interval whose mtio is

sesqui-alterate, or 1:1^; that is, |, = 358 j; + 7 f 4-
31 m, or the major Fifth, which see.

HEMII'TERA. See Entomology, vol. ix. p. 76.

HEMITONES, in music, are a class of intervals of
one degree of the scale, called also H,\LV-tone.i, Half-
tioles, or Semitones, by ditferent writers, (see these

articles,) all of which single degrees of the scale, al-

though of such different magnitudes that the largest of

them are more than three times as great as the smallest

of them, are yet all regularly expressed by only one f,

in our notation, viz.

Hemitone of Aristoxentis, or ancient hemitone, is

an interval whose ratio is 4*i = *6 S -J- f -f-
4 m, or the

LiMMA, which sec.

Hkmitone artificial of Holder, has the ratio 4§, =
45.270982 2 -}- f-{- 4-m ; see the Semitone of Fet/loii, &c.

Hemitone chromatic of Holder and Tartini ; its ra-

tio is If, = 36 2;-|-f-{-3m, or the Semitone minor,

which see.

Hemitone elementary of Overend ; its ratio is ^, =:

59 s-J-f-|-5 m, the Semitone major, which see.

HEMiTONE;r''<'a'«''. of Euclid's genusDiatonum moUe,
TJjths of a 4th, = 76.271 68552 £ +f-|- 7 m ; its com-
mon logarithm is .<IC251813,7912, = .1245114 in Eu-
ler's logs. (VIII.) and 6.947433 in major comma logs.((:).

Hemitone greater, of Ptolemy's genus Chromatic

molle, has the ratio 4 J, = 60.047096 1; -f f+ 5 m ; its

log. = .9700367,7662, =.09953567 X VII I,= 5.553855

XC.
Hemitone grea/er of Quintilian, has the ratio !*> =

53.53181 S4-f-t-5m; see the Semitone of Malcolm, &c.

Hemitone lesser, of Euclid's genera Diatonum S)m-

tonum or intense, and his Diatonum molle and Tonise-

um chroma, |th of a 4th, = 50.80314496s+f+4ra
;

its log.=.9750122,5268,=.0830076 X VIII, =4.631622
XC.
Hemitone lesser, of Ptolemy's genera Diatonicum

tonicum, and his Chromatic m<ile, has the ratio l-^, =
32.052904 Z -|- f + 3 ra ; its log. = .9842057,3282, =
.05246742 X VIII, = 2.927559 X c. This is also the mi-

nor hemitone of Archytas ; <ind in some experiments by
Messrs Kirby and Merrick, on the sound of a pipe

blown by a mixture of carbonic and hydrogen gases,

and by atmospheric air, this interval resulted. See our

article Sounds of the Gases.

He.mitone major, of Archytas's chromatic genu*.

hag the ratio i|4, = 71-947096 r -J- f+ 6 m ; its loff. =
.96+6417,4474, = .1174376 X VIII, = 6..';5Mfe58xc.
Hkmitonu major of Aristidcs and Ktytou, baa the

ratio a, = SSaSlSl X+ {+Sm. See tiie Semitonb
of Malcn/m, &c.

Hemitone major of Doethius and other*, hw the n^
tio4^, = 58S+f-|-5m, or the Apotomb. See tliat

article.

Hemitone major of Euler, Holder, Linton, Smith,
f(C. has the ratio

4-J, =57z+ f-J-5m, or the Semitone
major, which see.

IIemitone major, of Eutosthenes" chromatic genus,
whose ratio is

4.J, = 47.729018 S -J-f+ 4m. See the
Semitone of Feytou.

Hemitone major, of Ptolemy's genus Chromatic in-

tensum, has the ratio .{4, = 76.897955 S+ f-f. 7 m. See
the Half. /one of Brougham.
Hemitone maxima of Webb, has the ratio \i„ = 68 Z

-f-f+6m, or the Semitone maximum, which sec.

Hemitone maximum, or greatest, of Holder, has the
ratio TT- See as above.

Hemitone medium of Holder, has the ratio \^, =.

47 Z-f f-|-4 m, or the Semitone medius, which see.

Hemitone minor of Archytas' chromatic genus, has
the ratio \l, = 32.052904 s4-f+ 3 m. See Hgmitonb
lesser of Ptolemy.
Hemitone minor of Aristides, Feytou, Quintilian,

&c. has the ratio fj, = 50.46819 S+f+4 m. See Se-
mitone of Malcolm, &c.

Hemitone minor of Boethius, Sauveur, &c. has the

ratio 4f J.,
= 46 S-|-f-f.4 m, or the I.imma, which see.

Hemitone minor, of Euclid's genera Chromatic to-

niseum, and Jhis Diatonum molle,
J-

of T, whose ra-

tio is 2 >/ 2:3, = 52.0039312 S -f-
f -|- 4m; its log. =

.9744237,3877,= .084962 x VIII, = 4.74070 x e. It it

also the Chromatic diesis of Hoylc.
Hemitone minor of Euler, Holder, Sauveur, &c. has

the ratio |-f, = 36 2 -f f -}- 3 m, the Semitone minor,

which see.

Hemitone minor, of Eutosthenes' chromatic genus,

has the ratio 4§, = 45.270982 Z -{- f4- 4 m. See Semi-
ToxE of Feytou, &c.
Hemitone minor, of Ptolemy's genus Chromatic in«

tensum, has the ratio 44, = 41.198802 Z -f-f-J- 3 ra ; \ts

log. = .979"966,139I,= .06711422x VIII,= 3.744815

XC.
Hemitone minimum <?? Holder, improperly so call-

ed, because it belongs to the class of commas (wanting

f, ) rather than to that of semitones ; its ratio is ||-|.. =
32 2-f3m, or 31.8582014 S-f. f -J.

2 m, the Semitonb
minimum of Overend, which see.

Hemitone Pythagorean, or ancient, has the ratio

4fi, = 46 Z-|-f+4m, the Limma, which see.

He.mitone submimmis of Holder, has the ratio 4yi>-

= 25 2 -f f -{- 2 m, the Semitone submimmis, which

see. ({)
HEMORRHAGE. See Soboerv.
HEMP. See Agriculture, voL L chap. viii. sect iv.

HEN. See Ornitiioloov.
HENFLING'S Temperament of the musical «cale.

In the year 1711, M. Henfling communicated to the

Parisian Academy a commensurate system of 50 equal

intervals within the octave ; of which parts, 29 make
the fifth, which therefore, for imperfect instruments,

will stand as follows, viz.

HflJLci

''*
C^'n^d^nV!" B'^dfi'^e'Jh ^u*/tr'}

And the wolf fifth *D bE = 379-528341 2 -f 7f-t- 30m

Make 7 octaves each, 358Z+f+53m. =4284.0000002+ 84f-|- 37 !m
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And whence all its other intervals may easily be cal- that the reciprocal logarithm of the octave may, with-

culated, by help of the theorems, in Phil. Mag. vol. out sensible error, be taken to be .301, instead of

xxxvi. p. il, or the corollaries at p. 374; see also p SO. .3010299,9566; and which number of his being di-

of the same volume. Dr Robert Smith, in Prop. xvii. visible by 7, he called each of these seventh parts of

of his " Harmonics," has calculated the temperaments the octave a Meride, (see that article), whose recip.

of this system, and shewn, that it approaches extremely log. =.0+3; and each of these 43d parts of the me-
iiear to his system of Equal Harmony in three octaves, ride, or .'501st part of the octave, he called a Heptame-
See that article. ris. This interval is therefore =2.04.0570552 ; it's

HENGIST. See England, vol. viii. p. 589. common log. =9989999,0035, which M. Sauveur as-

HENLEY UPON Thames, a town of England, in the sumed to be .9990000,00(:0, or 2.0403712s : it is equal

county of Oxford, is .situated on the left bank of the .00332226 X VIII, =.185374xc: he again divided his

river Thames, which is crossed by a fine bridge of five heptameris into ten equal parts, and called each of
arches, with a handsome ballustrade instead of a para- these a Decameride. See that article,

pet. The keystones in the centre arch contain two HEPTANDRIA. See Botany, vol. iv. p. 74, 76,
heads of the Thames and Isis, which were sculptured 197.

by the Honourable Mrs Darner. The town consists HEPTARCHY. See England, vol. viii. p. 589,
of two principal streets, at right angles to each other, HERACLEA. See Greece, vol. x. p. ^59.
and some smaller ones. Tlie street which extends HERACLIDES. See Greece, vol. x. p. 463.

from the bridge to the cross is not very long, but is HERALD. In the histories of the heroic ages, we
spacious, and contains some good houses. The street find important functions ascribed to those officers whom
which extends from the cross along the Oxford Road the Greeks call kjjjuxs;, and the Romans /eciafe*. Their
has a serpentine direction. It is longer tiian the other, character is represented as sacred and inviolable ; and,
and contains many excellent houses. At the junction in Homer, their common epithet is " the divine." Their
of these streets is a simple stone obelisk, pointing out duties were not less numerous than important. They
the direction of the roads, and the distances from Lon- could enter without difficulty into cities that were be-
don. The church, wliich is a very ugly building, is sieged, and mingle without danger among contendinn-
situated near the bridge, on the west side of the street, armies. They summoned the chiefs to the council

;

It has a tower with semi-octagonal buttresses at each they commanded silence, that the discourses of the
angle, and embattled at the top. It is built of flints kings might be heard ; and presented to each of them
and stones. The tower is said to have been built at the sceptre before he commenced his harangue. The
the ev pence of Cardinal Wolsey. The other esta- herald was charged with the most delicate missions,
blishments in Henley are a Royal Grammar School, and accompanied his prince on tlie most difficult occa-
founded by King James V. for educating 25 boys in sions. Agamemnon sent only Talthybius and Euryba-
the classics; a blue coat school, founded by Dame tcs to bring Briseis from the tent of Achilles ; and when
Elizabeth Perians, for educating and clothing 20 poor Priam went to beg the body of his son, he took no one
boys ; a green coat school, and an alms house. Hen- with him but his herald. The herald was distinguish-

ley can-ies on a considerable trade with London by cd by a long rod or sceptre, which he carried in his

means of the Thames, in malt, flour, and beechwood. hand ; and from this circumstance it was, that the Ro-
Above S0,0D0 quarters of flour are annually made mans gave him the name of cadiicealor. Eckliel has
here. publislied a beautiful medal of Crotona, from which we
The following is the poptilation of the town and pa- may judge of the dress of a xnjul, at a time much later

rish in 1811. than the age of Homer. He is arrayed in a long tunic

XT u r • u u-i. 1 1, ,^« like that of a ))riest, and holds in his hands a pateraNumber of inhabited houses
• • • 522 and a rarf^c^//. The p«/em denotes a libation or offer-

JJo. ot Jamil les
• .- • 54J

ing to the gods, a function with which the heralds were
Do. employed in agriculture . • • • 93 frequently charged. According to Eckhel, this herald
Do. m trade and manufactures . . . 235

j^ ^^ ^^e act of demanding peace, and the coin was
p. ^^,

i7^n most probably struck at the tirtie when the people of
tvvu

Crotona, humbled by a severe defeat, were obliged to

T,., ,.. . ,„i, 777Z send envoys to beg peace of the Locrians. The atti-
Total population m 1811

. . .
.3117

tude of stretching out the right hand seems to have
HENRY I.—VIII. of England. See England. been considered as consecrated to the use of heralds;
HENRY I.—IV. of France. See France. and it is on this account, that, on the imperial medals,
HENZUAN or HINZUAN. See Johanna. the emperor is commonly represented in the same po-
HEPATIC/E. See Fucr and Lichen. sition when he announces peace and security to his

HEPATITES. See Medicine. people.
HEPTACHORD major, in music, an interval, whose The use of heralds was very long preserved among

ratio is 4t> =5552 -f- llt+ism, or the Major Seventh, the Greeks. There were heralds whose office it was to
which see. proclaim the laws observed at the Olympic games, the
Heftachord mywor, has the ratio |, =5192-(-I0f-f names of the combatants and the victors, and, in ge-

45m, or the Comma-redundant minor Seventh, which neral, every thing which was commanded by thejudges
see. of the games. The best account of the xn^v^ of the
Heptachord minor of Galileo, has the ratio ^^, Greeks, and the Fecialis of the Romans, is to be found

=5082;+ I0f-f-44m, or the Minor Seventh, which see. in the works of Gra;vius and Pitiscus ; or, if ancient
HEPTAGYNIA. See Botany, vol. iv. p. 74, 75, authors be preferred, in Homer throughout; in Livy, i.

76- 32; Cicero De Legibus, ii. 9; and Dionysius Hali-
HEPTAMERIS, or Eptameris. In the new mu- carnass. hb. 2.

sical notation of M. Sauveur, which he laid before the ^n the middle ages also, the heralds perform a part
Academy of Sciences at Paris in 1701 ; he assumed, of considerable importance. The origin of their name

Heptandrl]
|

II H
Herald.
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Hcr»id. seems to be entirely uncertain, anil it is difficult to

•"^z""" say which of the sixteen theories mentioned by Lulmoii-
8tone is the most ridiculous. The dnte of their insti-

tution in the form of n college, in most of the Euro-
pean kin^rdoms, is equally obscure. The first king of
arms of whom mention is made in the Fri-ncli chroni-
cles, is Robert Duuphin, who was alive A. D. lO.SI.

But the conjecture seems by no means unlikely, that
the French bopowed the idea of a regular body of men
charged with the care of armories, processions, and
ceremonies, from the vileraui of the empire. See Beti-

ratid Ca; noli under the word Militia, as cited by
Upton De Milt ari Officio, lib. i. cap H. In England
it does not «ppear that any such officer as the herald
was ever employeil on missions by William the Con-
queror, or either of his sons. Yet there can be no
doubt that the office was familiar to Robert Curthose
and Richard Coeur de Lion, both of which princes
were so renowned in the wars of the cross, and had so
many opportunities of mingling with foreign kings, in
whose countries the heralds were already opeidy pro-
tected by the law Very shortly, at all events, after

tins period, we find the heralds in full possession of
all the privileges to which they ever attained, either

in this island, or on the continent. Tliey were allowed
free entrance into the courts of all princes and great
lords ; they had [jower to reprove the faults of nobles,

knights, and esquires ; and if these did not amend, to
exclude them from all tournaments and nuu'tial exer-
cises. It belonged to the heralds to advertise knights
and military conmianders of the day of battle, to at-

tend their sovereign's great standard in their best orna-
ments. They Mere, during the battle, to retire to an
eminence, to witness what was done on either side, and
report to the king or general tliose who behaved most
valiantly, and commit the same to writing. When
the battle was over, it was their province to number
the dead, to ransom the prisoners, to summon cities,

and, in case of composition, to march before the captain
or governor, for security of his person. At justs and
tournaments, it was the office of the heralds to carry
all challenges, to lay out the lists, and assign place to
the combatants. Suchas wronged tiiera,' and refused
to give full satisfaction, were declsre.l guilty of high-
treason, and punished accordingly- An instance of
Avhich occurred in Scotland, A. D. 151.5, when the Lord
Drummond was solemnly forfeited in parliament, £0
quod Leonem armorum regem piti^no violamel cum eum

de iufptiii suit admontt ; and it wu upon that lord's
humble 8ul>mi!<sion, and at the cnmcit intreaty of th«
Lyon himself, that he was restored.

The society of heraldn in England, consists of four
kings of arms, who are called OVjr/cr Kintal nrnu,
Clarencieiix Norrmj, and linlli, whereof the fir»t and
last derive their names from the two orders of kniglit-
hood, to which they owe their eHt.ibliHhment ; and the
other two are provincial kings ofarms, Clarencieux hav.
ing power over all the €-a«t, west, and south provinces/
as far as the river Trent ; and Norroy in like manner,
over all parts of England north of the Trent ; six he-
ralds, viz. Somerset, Chester, Windsor, Richmond, Lan-
caster, imd York; four pursaivauU, who may be con-
sidered as the apprentices of heraUlry, viz. Ronge-dra-
gon. Portcullis, Blue-mantle, Rouge-croix. All these
persons, (kings, heralds, and pursuivants) are by the
King himself, or Earl Marshall, " crowned with crowns,
graced with colours, attired with coit'-, named by namea
of addition, and with other ceremonies create<l."

In Scotland there is one king at arms, who derives
his name of Lyon from the bearing of our kings. Un-
der him are six heralds distinguished by local names,
viz. Siiau-don, Albaiit/. Rusae, liolhemij. Marchmonl, and
Hay ; and five pursuivants, viz Unicorn, Carruk, Kin-
tyre, Ormoiid, and Kiile. Besides these, the great no-
bility in England and Scotland had formerly heralds
and pursuivants attached to their own service: as
Blanche Lion, the heraUl to the IJuke of Norfolk ; Lion
d'or to the Dudleys ; Percy herald to the Earls of .Nor-

thumberland, &c. Le Laboureiir is of opinion, that

counts and high barons, who are not princes, may have
heralds and pursuivants ; and that knights banneret»
may have pursuivants only, unless they be invested

with some high dignity, as marshall or general of the

army: (See Or(<jt«e t/e« .^rmojVjVv, p. 121.) The king
of arms in France, was always known by the name of
Mml-joye St Denis. His heralds to a considerable

number, derived tlieir names from the different prov in-

ces of France ; and his pursuivants were called. Plain

cliemin. Fair disanl, Haut-lepied, La verdure. GaiUard'
"

buis, &c.

See .^neas Sylvius De Officio fjeraldorum. De
Viy/Jice dcs llois d' Amit-a, &c. par Marc de V'ulson de
la Colombiere, Paris, I(>t5 , and piarticularly the Trai-

fi'Ju Rji liene, which is there printed; Le Theatre-

d'Honneiir, par Andre Favin; and Edmonstone's i/icr-

aldry, voL i..

HsnU.

HERALDRY.
I. The art of the herald, known also by the names of
" the art of blazon," " the art armorial," and " the art

noble," consists, strictly speaking, in the knowledge of
armories, and their due application, as ensigns of ho-

nour, and tokens of descent. The meaning of the term,
however, is ofien extended, so as to include the know-
ledge of the ceremonial to be observed in all public as-

jiemlilies of those who bear arms ; such as cavalcade^
processions, and the like.

On the Origin of Armories.

2. No subject has given rise to greater diversity ofopi-
nion among antiquarians, than the origin of armorial
ensigns. The writers of the iCth and 17tli centuries,

5

who still continue to be the chief authorities orr this Henldrr.
subject, seem in general to have been inflected with the —--y""^
desire of adding new consideration to their favourite

pursuit, by maintaining that the art of blazon, so far

from being the production of the middle ages, had been
framed by the first ma.sters of scienc-e among mankind,
anil practised in a niaiiner little different from tiiat of
their own times, by the most (mlisiied nations of anti-

quity The disquisitions of several great French and
English heralds indeed, and partuularly those of Father

Menestrier, had gradually brotigiit into contempt the

dreams of their more enthusiastic pred< cessors ; and it

appeared, that such fanciful opinions were wholly ex-

ploded among men of sound understanding, till of late

years some of the most ridiculous of them have been re«
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Theories

ascribing

tile inven-

tion of ar-

mories to tile

Egyptians,

Jews,

Greeks,

vived in all their original extent, and defended with a

show of learning more imposing than had ever before

been called into their service, by a French writer of

eminence, M. Court de Gebelin, in the 8th volume of

liis Monde Primilif. This ingenious author does not

indeed, after the example ofMr Sylvanus Morgan, com-
mence his treatise with a description of tlie armorial

bearings of the first parents of our race. He does not

affirm, that " Abel quartered with his paternal escut-

cheon, argent an apple vert, for his mother Eve, who
was an inheritrix ;'' nor mention Joseph, as receiving
" an honourable augmentation to his coat, in conse-

quence of his being invested witli the family order of

Pharaoh king of Egypt.'' But he is seduced, by his

fondness for a very untenable theory, into absurdities

scarcely less glaring than these, when he talks seriously

of the word ingenwis, as equivalent to " a person who
has a right to armorial bearings;" and refuses to per-

ceive any difference between the personal or political

emblems of the Greeks and Romans, and the systematic

heraldry of the modern nations of Europe.
3. Since, however, the subject has so lately been

agitated by a writer of such learning and reputation,

it may not be amiss to examine somewhat more at

large into the merits of the case, by investigating not
his opinion alone, but the more probable of all those

theories which have been supported by the most emi-
nent of the heraldic authors. According to many of
these writers, the use of armorial bearings was the in-

vention of the ancient Egyptians ; and in support of
this opinion two passages from Diodorus Siculus are
alleged ; in the first of which it is said that " Anubis
and Macedon, the sons of Osiris, were the first who car-

ried in war marks of distinction, taken from certain ani-
mals symbolic of their valour," [Bih. Hist. lib. i.) ; and
in the second, that " the Egyptians, observing that their

troops were liable to be scattered in battle, invented cer-

tain signs, by which they might be able to recognise each
other. And that making use of the figures of animals
for this purpose, such a veneration was by degrees
conceived for these images, that the animals themselves
came to be considered as sacred and inviolable beings."
A second set of writers assert that this art took its

rise among the Hebrews; and the Rabbins of later
times have been at pains to lend all their learning to
the defence of this opinion, by blazoning, in the most
scientific manner, the coats-of-arms of all the principal
personages mentioned in holy writ. * The only pas-
sage of Scripture which they seem to quote with con-
fidence in support of their theory, is Numbers ii. 2.
" Every man of the children of Israel shall encamp by
his own standard, with the ensign of his father's house."
But the weakness of any argument derived from this
text will be sufficiently manifest in the sequel.
The third opinion is tliat of those who ascribe the

first practice of heraldry to the ancient Greeks. And
the defenders of this doctrine never fail to cite with
great exultation those verses of the EnxA Eni 0HBAI2,
in which ^schylus describes the bucklers of the seven
Captains of the assailing army.
The fourth opinion is, that the practice of using ar-

morial bearings was never reduced to any regular sys-
tem till Augustus instituted legionary marks of dis-
tinction, and caused these symbols to be engraved and
painted on the shields of his soldiers.

; usage le premier,

Fifthly, It is by no means an uncommon theory, that Heraldill

Charlemagne was the first patron of the heraldic art, *"—y^
\

in as much as after regulating the dignities and offices

of the imperial palace, and establishing the order of
peers, he instituted certain marks of honourable dis- f^'">'''e-

tinction, by which the great personages of his court '"*S'i'>

might every where be recognised. It is true that the

history of St Louis, by Joinville, speaks of armorial
bearings conferred by Charlemagne on the Viscounts
of Conserans, of the house of Comminges, and that

the romances are full of those of Orlando, and the
other heroes of that age. But it is fair to mention,
that these authorities are equally conclusive respect-

ing the coat-armour of Arthur, and the knights of
the round table ; so that the claims of Charlemagne
to the honour of this institution are somewhat du-
bious even by the admission of his most strenuous ad-
mirers.

A sixth party ascribe the origin of these insignia to The cm-
the wars which the Franks carried on in the East s»des,

against the infidel possessors of the Holy Land ; and
derive many arguments in support of their opinion
from the ancient charters for the foundation and en-
dowment of monasteries.

Seventhly, The Italians are unanimous in fixing the Guelphs l

origin of the art in the times of the Emperor Frederic, Oibbeline

when their country was torn in pieces by the rival fac-

tions of the Ciuelphs and Gibbelines. The Germans,
in the last place, are equally zealous in carrying it back
to the days of Henry the Fowler; and think they have Henry thi

sufficient evidence of the justice of their opinion, in the •'owler.

accounts which have come down to us of the ancient

tournaments of Germany. The truth is, that it is by
no means an easy matter accurately to ascertain the ori-

gin, or trace the progress of things which derive their

authority from chance and the insensible influence of
custom, rather than from reason and the positive insti-

tutions of legislators.

4. It is quite evident, that painted shields and mili-

tary ensigns of some sort, are coeval with the art of war
itself. Jews, Egyptians, Greeks, Romans, and Barba-
rians, must all have made use of some tokens by which
the warriors of the same nation might distinguish eacli

other in battle. But there seems to be little reason for

doubting that these people were familiar with the use

of simple devices alone, or fanciful figures, which were
not intended either to distinguish one family I'rom ano-

ther, or to mark the nobility of those who bore them.
So little, indeed, is their nature ascertained, that the

same things have been taken indifferently for devices, for

emblems,for hieroglyphics, for symbols, and for armorial

bearings, as may easily be seen in the treatises of Pierius,

of Minos, of Ruscelli, of Bargagli, of Vulson de la Co-
lombiere, and of Father Caussin, who all contrive to

twist the same facts into evident testimonies of the

truth of the most inconsistent theories. The dove of

the Assyrians is, according to all the interpreters of the

Scriptures, a figure of Semiramis. Yet this same dove
is with Pierius a hierogly])hic, with Alciatus an em-
blem, with Bargagli a device, with Caussin a symbol,

and with M. de la Colombiere a coat of arms. The er*

ror of all those who maintain the high antiquity of he-

raldic bearings seems to have arisen from the circum-

stance, that a few instances have been preserved by the

poets and historians, in which these personal devices

icli the meclita-

tlie mai^in of

Saint pere que en
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hail, from some extraordinary causes, become liereilitary

and transmissible.

i. Avcntinus, descende<l from Hercules, curried a

hydra on his buckler ; and one of the Corvini is men*
tioncd by Silius Italiuus as having the raven of his an-

cestors for his crest. In Ovid, K|»cus recognises his

son I'heseus by die marks of his family on tlie pommel
of his sword. Hypolitus carried, in the same manner,

the marks of his birth ; and the children of Jast)n and
Hypsipilus bore as their device the ship of the Argo-
nauts. See Mncid, ?•

Vicloreii o.'itentat eqiios satus Hercule piilcro

I'ulchcr A\entinu.s, clvpeoquc insigiic paiernuin

Centum angues, cinctnniquc gerit aerpentibus Hydrant.

See also Sil. Hal. 1. 5.

Corvrniis pha:ba?a sedet cui casslde Tulva

Ojientona ala prouvitae insignia pugniE.

Ovid Metatn. 7.

Cum pjter in capulo gladii cognovit eburao
Signa kui generia.

Seneca in HypulUo.

Regale parvis asperum signis ebur

Capulo rcrulgct gentis Acisae decus.

6. In like manner, we meet with marks of dignity

among the ancient writers, the " %^u<m is, mj sriAmf

«!Tos," was the well-known cognisance of the Median

and Persian kings. (Xenophon's Hellenict, 1. 1.)

All these authorities shew that there were figures on

the bucklers of the ancients, on the guards of their

6words, on their helmets, their standards, and their

cuirasses ; but they by no means prove that these figures

were armorial bearings in the technical sense of the

word. The hereditary nature of some of their bear-

ings, merely shews the anxiety of superstitious men to

trace themselves to the lineage of the gods ; as for in-

stance Coraxes, who made his soldiers bear a thunder-

bolt on their shields, because he believed himself de-

scended from Jupiter. The verses of the poets whom
we have cited, prove nothing more than that certain

warriors adorned their shields, and the pommels oftheir

swords, with certain images representing the great ac-

tions of their ancestors.

A gentleman who should preserve the cavalry-horn

which had been carried by his father in some celebra-

ted war, might call it insigne patenium ; or if it had

belonged to his great-grandfather, he might call it

pro-avitce insignia piignee, and yet all this might have

nothing in common with the family arms. Chryxus

carried on his shield a representation of tlie siege of

the Capitol, and the Gauls weighing the gold of the

Bonians, to shew that he was sprung from Brennus.

Ipse tumens atavi Brenni se stirpe fercbat

Chryxus et in titulua capitolia capta tenebat

Tarpeioque jugo demens et vertice sacro

Fenaantes aurum Celtas umbane ferebat.

Sa. IL *.

Yet who would think of asserting that the Capitol, and

Gauls weighing gold, were the armorial bearings of

Chryxus ? Whoever maintains this, must admit that

all till! im.-igcH and figures of ancient cuqoei, cuiraMC*. HtnlUrf.

and sl)ic-ld.<i, were armorial bearings in the tame manner ""^i"^
as the^c, and he will find not a few who bore the whole
history of a country, or a few dozen* of the metamor-
phoses, for tlieir blason. It seems evident then, that all

these authorities prove nothing concerning the ': ''

heraldic bearings, more than they do ronceriiii

emblems or of devices ; becau«e the signs of wlm. u un-v

make mention do not appear either to have been fixed

in their furms, or of any determined colour, i r univer-

sally hereditary. The far greater |mrt appear to be
the mt're fictiims and orn.'jineiit.'< of poetry ; audi .-lh the

chimera on the casque of Turnu-s ; lo changt'd into a
cow; Argus who watchetl her ; and Inachus with hi*

urn, from wliich a stream descended on bLi buckler.

Mn 1.
*

7. The pretended arms of the tribes of Israel are en- Rabbinial

tirely the reveries of the Rabbins of the later times, who heraldry,

have amused themselves with imagining these figures,

on the authority of certain allegorjcal cxpre«gions of
which Jacob made use, to predict to his children the for-

tunes of their descendants. They assign to the tribe

of Judah a lion, because he said to one of his sons,

" Judah is a lion's whelp ; from the prey my son tliou

art gone up," &c. Gen. xlix. 9- And to tliat of Zabu-
Ion an anchor, on account of this prophecy, " Zabidon
shall dwell at the hnven of the sea." Gen. xlix. 13.

And as they have not been able to find any thing very

appropriate for Ruben in the maledii'.ion of his father,

they blazon for him the mandrakes jyhich be presented

to his mother Leah.

To say nothing of the evident absurdity of all tliis,

the authors in whose writings these bearings arc men-
tioned are very far from being consistent among them-
selves. Some give to Dan an eagle, others a scrj^nt,

and some an eagle choking a serpent. Barnabas Mo-
reno de Vargas, indeed, blazons all the tribes of Israel

in a manner different Irom what has been mentioned

above ; as, " Los de tribu de Ruben porque su padre

lo comparo al aqua posieron por armas unas ondas de

aqua : Los de Zabulon pusieron una nave," &c. Dm-
curs. 18. Tie la Noblez.

8. Neither does there appear any greater certainty a.i»icAl

among the Greek writers. Ulysses, in Lycophron, car- heraldn.

ries a dolphin on his buckler, and is accordingly styled

3sAip(r«»-ii|K»5 ; but Homer assigns to him the figure of

the giant Tyjiheus. Agamemnon, in the Iliad, carries

the gorgon's head, but, in Pausmiias, the head of a

lion ; and elsewhere we find him described with one

dragon on his helmet and three on his shield. As for

the celebrated shields of the seven chiefs against Thebes,

it is rather amusing tu find, tiiat, after all the many ar-

guments which have been founded on the accurate ac-

count of them in yEschylus, that great poet does not

coincide, in any one particular, witli tiie equally minute

and laborious description of Euripides.

Even when the authors are perfectly consistent, the

utmost that can be made out of their report is, that

these warriors bore cei tain emblems, which may per-

haps have had some mystical meaning ; but can ne-

ver be proved to have been marks of noble birth, as

our armorial bearings are, even though some of them

may have passed tiom father to son ; otherwise we must

believe, on the credit of Suetouius, that tlie Domitiao

* At levera cljpeum sublatU cornibua lo

Auro insignibat, jam setts obsita, jam' bos

Argumentumq. ingens, et custos Virginia Argus

Ccelataque amnsm fuodens pat«r loachus uioi.

vet. X. PABT 11. 4 X



714 HERALDRY.
Heraldry, family carried a beard or for their arms ; because the

^""Y"^ historian, in order to mark that a red beard was a

common feature in that family, says—" Quod iimgne

mansit et in posteris ejus, et magna pars rutila barba

fuerunt." {Saeton. in Nerotie, c. 1 .) And yet nothing

can be more certain, than that passages in ancient au-

thors, of a complexion exactly similar to this, are the

only authorities for half the armorial bearings of the

Greeks and Romans. Because Seleucus had a mark on

his thigh which resembled an anchor, he and all his de-

scendants are said to have borne an anchor for their

arms. It is wonderful that Augustus is not alleged to

have blazoned on his shield the Ursa Major, since it is

well known that he had on his back as many moles as

there are stars in that constellation, and arranged in the

same manner : (Sueton. in Aug.) The figures on the

legionary shields of the time of Augustus were exactly

of the same nature with those of the Greeks of the he-

roic ages, or of the Egyptians, Anubis and Macedo.
The 9th the y^nd, upon the whole, if we lay aside the dreams of
most ration-

enthusiastic heralds, and scholars, equally enthusiastic,
' ^"y- who will not condescend to allow to the moderns the

lionour of inventing even the arts which they them-

selves despise, we believe we shall find that to be the

most rational theory which maintains, that armorial

bearings were invented in the 10th century, perfected

in the 1 1 th, and have accordingly been for about seven

hundred years only, in any part of the world, the dis-

tinguishing marks of families, and of noble birth,

rts proofs 9- I" many parts of Europe, there remain tombs of

ftom tombs, princes, lords, and gentlemen of every degree, more
ancient than the year 1000; and yet in no one of these

can the smallest trace of armorial bearings be discover-

ed. The most indefatigable antiquaries have explored

Italy, Germany, Flanders, and the various provinces

of France and England, without the least success ; and
have been obliged to confess, that neither in manu-
scripts, nor upon the gateways, and vaults of castles, nor

upon the altars of the most ancient cathedrals, have
they been able to find any thing more early than the

well known arms of Varmond, Count of Vasserburg,
on his tomb in the church of St Emeran at Ratisbon.

He is represented as lying on his back upon his tomb,
with a lance in his left hand, and on his right his shield

without ornaments—" Coupe of argent and sable, and
over all a lion, with this epitaph on the border of it :

" Anno D~ni MX. in die S. Leonis PP Dnus Varmun-
dus nobilis comes deVasserburgh qui huic monasterio de-
dit Hofinarchiam in Vogterrereut hie sepultus." There
is even some reason for suspecting, that this tomb has
been rebuilt by the religious of the abbey. All the
tombs of the 7th, 8th, and 9th centuries, have simple
inscriptions with the image of the deceased. The great-
er part of those of the 10th and 1 1th centuries also are
without arms ; and the practice of representing them
on tombs does not appear to have universally prevailed
till the 12th century. The first Pope who can be pro-
ved to have borne arms is Boniface VIII. of the house of
Cajetano, whose escutcheon is in the church of St John
I-ateran, and in the vaults under St Peter's at Rome.
The l)earings of all the Popes before him are now as-
certained to have been the inventions of Ciaconius, An-

Um.«nd tonio Cicarello, and Oian Baptista Cavalieri. Coins
before the year 1200 have no arms. The seals of princes
and kings before that time bear nothing more than their
effigies, and those of bishops and chapters representa-

tions of the tutelary saints of their chnrches ; as, for

instance, those of the popes, which bear commonly on
the one side the heads of St Peter and St Paul, and on
the reverse the name of the pontiff.

10. If, before these times, the figures on bucklers had
been hereditary and fixed in so many families, why hap-
pens it that the sons of so many heroes never carried

the devices of their fathers, and the glorious marks of
their illustrious achievements ? Whence comes it, that

when notice is taken of Helenor being introduced in

the 9th iEneid without any ensign on his shield, a suf-

ficient answer is supposed to be given, by saying, that

young men, who had as yet done nothing illustrious,

carried shields without ornament.' Could they not

then, as at present, carry their father's bearings ? The
truth is, these marks were altogether personal, or else

Common to aU the individuals of a military corps.

Cuncta phalanx insigne Jovis, calataque gestat

Tegraina, dUpersos trijidis ardoribus ignes.

FaUr, Argon, 6,

And it was on account of this latter character that they
received from the Greeks the appellation of hiyfiXTx.

It may however be alleged, (and M. Court de Gebe-
lin has laid much stress on the circimMtance,) that there

are many cities, the armorial bearings of which are to

be found on monuments of very high antiquity ; as,

for instance, those of Rome, which we every day see

represented on so many basso relievos, or those of

Nismes, which are so common on the reverse of medals.

To this it may be answered, that these cities have, with-

in the last seven or eight hundred years, framed for

themselves armorial ensigns out of their ancient de-

vices, and that, before that time, no examples can be
found of these marks being placed on escutcheons.

S. P. Q. R. was the device ofthe Romans ; but not, as in

the present day, disposed secundum arlem on a band
falling down between two fillets. The crocodile at-

tached to a palm-iree was the ensign of Egypt con-

quered, which the people of Nismes put anciently on
their coins, with these words abridged. Col. Nem. ; and
accordingly, the modem city blazons the same on its

public edifices. We by no means assert, that no king-

doms or republics had fixed devices before the use of

armorial ensigns : on the contrary, the ea^le was a com-
mon device of the Romans, and composed part of their

military standards ; but they had also the dragon, the

minotaur, the wolf, and the swine. The lion and the

eagle have in every age been the symbols of royalty

;

because the one is the chief of beasts, and the other of

birds. *

11. It is necessary to be at all times on our guard

against the monuments of heraldry, which are produ-

ced by our old writers as of a date prior to the 12th

century. They are in general the inventions of silly

monks, who had little else to do but to gratify their

own vanity, and that of their benefactors, by these

harmless fictions. Much contempt, indeed, has been

thrown on the whole study, by the. detection of the

gross absurdities which they contain, and by none more
than those of the celebrated Chronicle of the Priory of

Ely, long preserved in the college of the English Be-

nedictines at Douay. In this MS. we are presented

with the history of some chiefs of King Harold's army,

who, after the defeat at Hastings, defended themselves

for seven years in the isle of Ely. The conqueror.

Objecti» ,

refuted.

False doc

ment^
'

• P»usaniasdescribcstheshieIdofAgamemnonasbearingalion's head, with themotto, "Jt*; WW ««*«{ trnZpntitiV ixf^t Ayxfiffinuv."
A lim CTow/itU IS in like manner ascribed to Ditterick and the other heroes of the Sagas.
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however, at lengtli prevailed, and lodged iO of his sol-

diers with the religious persons who had afforded an
asylum to these obstinate warriors. Each soldier lod-

ged with a monk ; and the story is, that, on their de-
parture, the brethren painted in their refectory the

arms of tlieir warlike companions, which are acconl-
ingly blazoned with great exactness on the margin of
the MS. But, in spite of the zeal of Mathew Paris,

the style of the writing, and also of the illuminations,

is sucn, that the authenticity of this record has long
been given up.

12. The art of heraldry, in truth, like every thing else

of nature or of art, did not all at once spring up to per-

fection. Its beginning long preceded its universal prac-

tice, and its scientific arrangement. The ancient figures

on shields, and military ensigns, were the first dawrj-

ings of the art. It may be said to have made its first

regular appearance in the world at the times of the

tournaments ; and in all likelihood attained its utmost
perfection in the period immediately following these

military exercises. Tlie name of Blazon which has al-

ways been given to this art, the form of the oldest

escutcheons, the metals, the principal figures and divi-

sions of the shield, the crests, the wreaths, the mantles,

and the mottos of heraldry, all conspire to prove the

general position, that the first practice of the art took
place on occasion of the tournaments of chivalry. "Bla-
sen is a German word, signifying to blow the horn ; and
the reason why this name has been given to the descrip-

tion of armorial ensigns is, that anciently those who
presented themselves at the lists of the tournament
were announced .by the sounding of the horn. The
heralds, after having ascertained the nobility of those

who offered themselves, blew the trumpet, in order to

warn the marshals and their assistants, and then bla-

zoned the arms of the aspirants ; that is to say, that,

after sounding the trumpet, they proclaimed with a

loud voice the bearings of their shields. /The Rimes du
tmtrnay de Chavenci/, ( which took place in the year

1285,) written by Jacques Bretex, furnish an example
of this usage.

Les trompeurs si trompoient

Et les Bachelors araenoient

D'armes si empapillonez

Que depuis I'heure que je fu nez
Ne vi a mongr6, tel mcrvoilles

Un ctieralier d'armes vertnoillea

A cinq annets d'or in ecu.

Vi devant tous qui sans ecu

Vient a voir la premiere jouste

Comment qu'il soit nc coi qu'il couste

Si qulor ai autres qu'on luy doigne
Lors (ii eerier Chardoigne
Kt puis Vianne a ces heraux,

Garcons glatir, huier ribaux

Chevaux bannir—tambour sonnir, &c

In all the descriptions of jousts which Olivier de
la Marche gives us, and in all those of the old romances,

it is always expressly mentioned, that " les trompettes

comerent et furent faits les cris accoutumez." In de-

scribing the " Joustes de I'arbre d'or," he says, •' si

tost que Mondit Seigneinr le Due fut sur les rangs fut

apporte le Blazon de M. le Prince d'Orange neveu.

de M. le Comte d'Armignac, et apres fut alle querre

par le geant et par le Nain ; fat par le geant presente

aux dames el le Sain Mnna sa trompe." When the ttmUtf.
tournninent was at an emi, it waa a oonmton thing for ""'v ™"'

the knights to hang up their amw aari tlMM hums in
some church ; and many utill remain (or at least did
within a century) attached to the great altar* in th«
churches of Wirtsberg, Katisbonne, Mayence, and Co.
logne, as Menestrier informs us, who saw them himself,

and says that they were shewn by ignorant p«'ople, who
undcrstootl nothing of their tnie nature, and contented
themselves with asserting that they had l)clonge<l to
Orlando, or some of the other heroes of the court of
Charlemagne.
When any combatant had once made his appearano*

at these tournaments, which seem to have been origi-

nally held every three or four years in Germany, it wat
no longer necessary for him to make any proof of his

nobility, this having been already sufficiently recogni-
sed, and blazoned ; that is to say, announced by aoaBd
of trumpet by the heralds of the lists. The perMoa
who had attained this distinction commonly came<l two
trumpets by way of crest, in order to mark that they
were gentlemen, recognised and blazoned; and thus
when the bearings of shields began to be more fixed

than before, many families retained these crests of
trumpets. Helmets adorned in this manner are called

by Dlugossius and Simon Askolski Galeae Ha.Uiludialet,

that is, helmetsoftournament. (SeePlateCCXCI.Fig. 1.) ^:™
Many authors, indeed, explain these trumpet figures to y' .

'

be the trunks of elephants. But if there could remain
any doubt on the subject, it would be removed by
observing that those who still retain these crests, are

the very families whose names occur in the ancient

tournaments, as those of Bavaria, Saxony, Branden-
burgh, Lutzelstein, Mecklenburgh, Swartzenberg, Die
LobI, Noppen, Talheim, Romersheim, &c.

To blazon, by a gradual transition, came among
the French, who had borrowed it fVom Germany, to

signify every sort of description. Thus Jacques de
Fouilloux, in his book on hunting, which he presented

to Charles IX. makes in four lines what he calb the
" Blason du lievre."

Lievre je auisdc petite stature, &c

Favin uses it as synonymous with " to praise," page

439. " Les habitans disent pour blasonner leur ville,

&c" But we elsewhere meet with it taken in malam
partem, as in the Chronicle of Louis the first Duke of

Bourbon, where he is said, in conferring the order of the

crown on his knights, to have ordered them to honour the

ladies, and not to permit any one to speak ill ofthem

—

" blasonner et mcsdire." The word has the same signi-

fications among the Spaniards, who make it signify still

farther glory itself; as in Rodrigo Mendez Sylva Pob-
lacion, page 7. " Sivra sobre toclo de Blazon, aver pro-

creado al memorable cavallero Quinonez." Nothing

can be more simple than the analogy by which all these

meanings are derived from the primitive blasen. Nor is

it at all to be wondered at, that the French should have
borrowetl this term of art from Germany, since it was
in that country that the first regular tournaments were
held by order of Henry the Fowler, who was either

the original institntor, or at least the restorer of these

and many other exercises for the young nobility of hia

empire.

• It is proper to mention, that many are of opinion that the word Uazon Is of Oriental origin ; and in the Arabic Dictionary of

Gieuharis, we certainly find the word Bladson with two significations, Isl, "Gens, famillc, maison;" *d, " Insignia, armoiries, syni.

les d'une maison."—But we cannot help looking on this as merely a casual coincidence, and imagine few will deny that the Oeroun

root offers so rei^ natural a derivation, that it is ridiculous to look farther.
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Heraldry. 13. The form of the ancient escutcheons is a second

proof of this origin of armorial ensigns ; for they are

always represented as lying on the one side, and tied

up by small strings, exactly as the shields of the joiist-

ers were attached to the lists, or to the neighbouring

houses, which they called " faire fenestre." They are

so represented in tiie celebrated " Tournay de la Gar-

thuse," in tiie National Library at Paris. They are

also hollowed out on the rijjlit side for the reception of

the lance, as may be seen in all the old monuments of

the churches in Germany and Italy. From the tour-

naments, in like manner, is derived the custom of join-

ing the shield and the helmet to compose the complete

armorial bearings ; because they were so arranged in

some cloister or public place a few days before tlie

jousts, that the ladies might have an opportunity of see-

ing them. All these observations are verified by the

curious treatise of Rene of Anjou, King of Sicily, which

is printed in the Miroir de la Noblesse, by M. Vulson

de la Colombiere. " All you princes, lords, barons,

knights, and esquires, who intend to tilt at this tourna-

ment, ye are ordained to lodge yourselves in the city

four days before the tournament, to make display of

your armories, on pain of not being received at the said

tournament ; and your arms shall be thus. The crest

shall be placed on a plate of copper large enough to

contain the whole summit of the helmet, and the said

plate shall be covered with a mantle, whereon shall be

blazoned the arms of him who shall bear it ; and on the

said mantle, at the top thereof, shall the crest be placed,

and around it shall be a wreath of colours, whatsoever

it shall please him." " Moreover, wlien all the helmets

are set in order after this fashion, then siiall all the la-

dies come, and the damsels, and the lords, knights, and
esquires, who sliall visit them in their order, from the

beginning to the end. And the judges who shall be

thej-e shall lead the ladies tliree or four turns, to .see

them well, and to examine the crests ; and the herald

shall set forth unto the ladies to whom this ensign per-

taineth, and to whom that ; and if there be any one
'

^ which belongeth to any reviler of the ladies, the ladies

shall touch his crest, and on the morrow it shall be sent

away, and he shall have no tilting at this tournament."
Traill de laforme et maiiier des lournois a plaisance,

&c. Miroir, p. 56.

Origin of ^*- ^^^ colours which enter into the composition of
the tine- armorial bearings are, by many authors, said to be no
tiuee. other than those of the ancient games of the Roman

circus, which passed into the tournaments of the Gothic
nations. The different factions of the hippodrome were
distinguished by their colours of white, red, I)lue, and
green. To these Domitian added yellow ; and the on-
ly remaining tincture, viz. black, might be easily intro-

duced by those chevaliers who were in use to frequent
tournaments in habits of mourning on occasions of par-
ticular distress. Thus King Rene of Anjou, after the
unfortunate war of Naples, went to the tournament of
" La gueule du Dragon," in the year 144-6, clothed in

complete suit of black armour, " his shield sable, semee
de larmes, and a black lance in his hand."

rartitioDS
^'^'' P'U'titions of the shield are in like manner sup-

posed to be deduced from tlie habits of tournaments,
which were frequently of different colours, sometimes
the one side of the garment differing from the other,
sometimes the top part from the bottom, &c. ; a relic of
which custom may still be observed in the dresses of ma-
ny provincial magistrates on the continent. From the
barriers and lists, and their various parts, are taken the
forms of the pale, the chevron, and the saltier. The

ring or annulet is derived from the common rewaid of HeralU^,-

the victorious cavalier. The bend and the fess from ~^

—

the scarfs wiiich the combatants wore, and which were "" '^''^'

often the gift of their ladies, as we read in the roman- """

ces. The wreath and other ornaments of the helmet,
are all connected with the same custom. The lady
herself took care to adjust these pai'ts of her knight's

equipment, which were generally of her colour ; and
are accordingly known in the romances by the names
of " faveurs des dames," " atours de dame," &c.

15. With tournaments, it is probable that the artofbia- introduc-

zonry passed very soon into France. Many of the fi- tionofhei

gures indeed, were never introduced into tlie heraldry ''/^ '"",

of that or of any other country, and remain at this day
"""^**

peculiar to Germany alone. Ifarmorial bearings, iiow-
ever, were first used in Germany, it must be confessed
that the French were the first to reduce the method of
using them to rules. Accordingly, the only other na-
tions which have made any progress in the art, viz. the
English and the Scotch, make use of French terms.
The Italians and Spaniards know nothing of the mat-
ter; and the attainments of the Germans themselves,
are frankly admitted by Spenerus to be altogether con-
temptible. Sir Henry Spelman says expressly, that the
gentry of England had no coat-armour till the time of
the Norman conquest ; and treats with the utmost deri-

sion the fables and reveries ofthose, who assign arms to

the Danes, Saxons, Britons, and the pretended knights
of the Round Table. The princes of Anjou, in all pro- Influence J

bability, introduced the custom into the kingdoms of
"'^ '''' Cr«

Naples and Sicily, as may be seen in the treatises of
*" '^^

Scipione Ammirato and Philibert Campanili. But al-

though the practice of using armorial bearings may
have been considerably extensive before tlie period of
the Crusades, there can be no doubt, that these cele-

brated expeditions must have been at once the means
of rendering their use universal among all the European
nations, and at the same time of making the figures

more fixed, and consequently the blazonry more scien-

tific. Arms, it is probable, completed their hereditary

character from the piety of children, which must have
led them to adopt, with religious respect, any tempo-
rary devices borne by their fathers in these holy wars.

Tlie cross soon became the most common of all bearings,

and its form was varied beyond every conception by the

ingenuity of the heralds,

16. The heraldic;* writers who approach most nearly

to each other, in their opinions respecting tlie origin of
armories in general, are yet much at variance concern-

ing the precise time of their introduction into England.
It is need'ess to refute the statements of such writers

as Stow, who can tell us gravely, that " Brute, afler a
longandwery journey with his Trojans, passing thorow
France, building the citie of Toures, arrived in this isle,

the which was then called Albion, at a place called Tot-

ness, in Devonshire, bearing gules, tfvo Ihrni gold- ram-
pants a conlrarie, also a bauiiar of Vert, a Diuiie of'gold

fichele crouned and entronised." Edmonstone is of opi-

nion, that armories were probably first used in Eng-
land by King Edward the Confessor, and afterwards ,

more plentifully practised by William the Norman and
,",„'^j„{J^

his nobles. Camden, however, is inclined to think them England,

of 3'et later date with us, and says, " that shortly after

the Conquest, the estimation of arms began in the ex-

peditions of the Holy Land, when it was accountetl an
especial honour to retain those arms wliich had been
displayed in the^J^oly Land in that holy service against

the professed enemies of Christianity, and that we I'e-

ceived at that time the hereditary use of them j but the
3



Heraldry. 8ame was not fully established until the reign of Kinjt
^"""V""*^ Heni-y III. ; for tliat in tiie instances of the lust Earls of

Chester, the two De Quinceys Earls of Winchester,
and the two I-sccys Earls of Lincoln, the arms of the fa-

ther still varied from those ofthe son." Sir Henry Spel-
iiian is of opinion, that arms are of a yet more modern
growth in England, and says, " there is little reason to

be confident in matters of |>e(lif^ree and arms much be-

yond four hmulred years,'' atlding, " that he has his

doubts «s to their being entitled even to that antiquity.

Nescio an ea prorsus nntiquUale." The i)erio<l of their

introduction into Scotland, must of course have been
nearly the same -with that of their first practice in Eng-
land.

17. The custom being once fairly introduced, it is by
no means difficult to see from what causes the great va-

riety of the figures of heraldry must have arisen. Great
events, or illustrious actions; the peculiarities of local

situation ; the partialities for particular employments,
offices, dignities, and the spirit of devotion ; tlie nature

of fiefs, and the vestiges of ancient devices, factions, pil-

grimages, and tournaments, must all have suggested to

individuals the bearings which tliey adopted. Nothing,
however, appears to have given occasion to more armo-
rial ensigns, than the names of persons or of families.

In every nation of Europe the effects of this practice

are still abundantly apparent ; yet we have no doubt the

evidence would have been infinitely more striking, but

for the many changes which have taken place in the

names of families since the fixing of their arms. Many
authors, it is true, treat with ridicule arms of this sort

;

but it is sufficient to observe, that Spehnan, Menes-
trier, and Gebelin are ofa different opinion. Tiie last in-

deed expressly says, that he has no doubt the amies par-

lantus are the most ancient of all. The original bear-

ers of these arras, it is probable, thought tlieir names so

illustrious, that they could adopt no better means of

making themselves known than devices, which would
suggest these names to the beholder. Accustomed as

they were to shout their names in combat, and hear

them proclaimed at the tournament, it was a very natu-

ral thing to paint them on their surtouts, their shields,

and the caparisons of their horses. Tiiere are very few
families, whose names retain any meaning, which have

not framed to themselves arms in some respect alluding

to that signification. The instances of arms of this kind

in our books of heraldry are innumerable. The I3ol-

lens, in allusion to the first syllable of their name, carry

argent a chevron gules betiveen S bulls heads sable. Pope
Adrian IV. (whose proper name was Nicolas Break-

speare,) bore gules a lance broken argent.. The illus-

trious family of the Lamberts bear 3 lambs argent;

and the practice is equally evident in the bearings of

the Lovets, the Bores, the Swineys, the Swintons, the

Swallows, the Grifins, the Metcalfs, and the Starkeys

;

of Bowes, Cockayne, Dove, Askew, Arondcl, Ravens-

croft, Bulkley, Heron, Beeston, Bird, Horsey, Clieval,

Colt, Capravilie, Quatremains, Borlase, Troutbec, and

Godolphin. In France, the names of Ailly, Mailly,

Crequy, Rubempre, Castelnaii, Chabot, Gougeux, Haiite-

fort, De la Tour, De Pontevez, De Porcelct, and De
Retel, are among the most distinguished oftheking>-

dom. Nor are their bearings a whit more significant

than those of the great Italian families of Colonna, L'r-

sini, Frangipani, Anguillara, Sanctacruce, Spinola, Ci-

cala, Barbarigo, Negroni, &c. or of the Spanish houses

of Luna, Solis, Zapata, Acuna, Quixada, Torres, and

Cardona.

There are several ways in which arras may bear a
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l«t. By the »imple cypher or initial IlcnUrr

letter of the name ; as is the ca»e in ihr arm* of many '—
' >
—

'

towns on the continent, and of the familien of Monte-
negro in Spain, who bear an M crowned, and Awrn«-
berg in Germany, who bear an A, ftc. 2d, By the re-

presentation of objects cither natural or artificial, which
express the sound of the name : as the ancient sovc-
reigns of Dauphiny and Auvergne Ijore a dolphin on
their .shield ; the city of Lyons a lion; that of Demea
bear, Stc. 3d, By things which have some likeness to the
name

: as the Chevriers, who Iwar a cheveron ; the
Gouviers, who carry a wolf's head, &C. 'Hh, Bythinga
which have some relation to the signification of the
name : as Archer, who carries three arrows ; Falconer,
falcons; Diane, a crescent ; Riddell, ears of rye. The
family of Law in Scotland have a c<Kk in their armi<, in
allusion to the common metho<l of expressing the cry
of that bird among the Scotch, " Cockii-l^rry-Lwr/'
5th, There are arms which express the name by way of
rehus : as Ric/tannes, three casques crested with cres-

cents or i Gantelmi at Naples, a glove and a helmet.

Many of these allusions are very far-fetchetl and ab".

surd
; perhaps none more exquisitely so than that of

the Paravasini in the country of the Grisons, who bear
a goose, bec.HUSe, says Menestrier, that bird has " some
resemblance to a swan par avis Ci/ao." It is worthy
of remark, that long before the science of heraldry ex-
isted, the ancients, in tlieir marks and devices, affected

this sort of resemblance of figures to names. Thus the
reverse of a medal of L. Acjuilius Floms bears a flower ;

the. Ithodians had a rose on their coins ; and the Del-
phians a dolphin. On the medals of Voconius Vitulus
we see a calf; on those of L. Thorius Balbus a bull

;

and a man's foot on those of L. Turius Crassipes.

18. To commemorate any events of a marvellous and Prom re-

unexpected nature, is anot!ier very common object ofar- rn'rlobU

morial bearings. There is no point, however, connected *^*''**»

with heraldic pursuits, in the investigation of which
we must advance witli greater caution than here. The
absurd vanity of particular families has been the foun-

dation of so many idle inventions, that it is difiicult to

avoid classing with these matters of a very different

nature. As an instance of the species of arms to which
I now allude, it is sufficient to mention the t/iree birds

of Lorraine, which are said to take their rise from the

circumstance of Godfrey de Bouillon's stringing three

binls on one arrow. Important discoveries and illus-

trious actions have been in all times celebrated in the

same manner. Thus after Columbus had returned to

S|>ain from the discovery of the new world, he was al-

lowed by Ferdinand and Isabella to bear under a

chapp6 of the arms of Castille and Leon, in a sea of

Argent and Azure five isles or with the motto, " A
Castilla y a Leon, Mundo nuevo dio Colon ;" which

bearings still remain with his descendants of the houses

of Veragua and Xamayca.
The Maid of Orleans, when she took arms against

the English, carried on her banner a sword surmount-

ed by a crown. This, with the addition of a fleur-de-

lys, the king of France afterwards assigned as arras to

her brothers, who were ennobled, by letters patent in

the year J 429, and took the name of du Lys. 'Jhc

House of Colonna, in Italy, have around their shield

the 14 standards taken from tlie Turks in the famous

battle of Ivcpanto by Marco Antonio Colonna, Gene-

ral of the forces of the Pope. The Douglas.ses of Scot-

land bear a bloo<ly heart crowned with a royal crown,

in memory of the good Sir James Douglas, who died
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Heraldry, on his way to the Holy Land, whither he was convey-

^—'V*-' ing the heart of King Robert the Bruce. A badge

of the same species was assumed by the Earl of Surry,

in the year 1515. "A silver lion (the old cognisance

of bis family) tearing in pieces a lion prostrate gules.

" If Scotland's coat no mark of fame can lend.

That Lion placed in our bright silver bend—
Which as a trophy beautifies our shield

Since Scottish blood discoloured Flodden-field,

When the dark Cheviot our proud ensign bare.

As a rich jewel in a lady's hair, &c."
Drayton.

Nicolas Upton mentions an English gentleman who
assumed Argent, three ox heads sable, " pro eo quod

ipse erat in bello Vernolii cum lancia per membra ge-

nitalia totaliter transfixus, sic quod amplius generare

non potuit" {De Milit. Officio, p. 154.) *

Paction, The influence of the spirit of faction has also given

rise to innumerable bearings. In Italy, during the

contests of the Guelphs and Gibelins, things came to

such a pass that almost every family was obliged to

adopt some method of expressing by their arms to

which party they adhered. The Guelphs carried

Coupe, the Gibelins party. The Guelphs bore the

lily of Florence gules on argent ; the Gibelins argent

on gules. The fleur-de-lys-in-chief (after the Guelph
party had embraced the cause of Charles of Anjou),
became a Guelph mark,.^^tnd three stars in chief de-

noted a Gibelin. In France, in like manner, when
the kingdom was split into two factions from the year

1409 till 14:4:9, those who espoused the cause of Or-
leans and Berry, carried a white bend, and were called
*' bendes," while the adherents of the Duke of Bur-
gundy were known by the cross of St Andrew.

OiBces, and jg. Offices of dignity are marked in the same way.
Thus the great officers of the empire were all accustom-
ed to bear the tokens of their dignity. The Counts of
Oldenburgh, as architects of the empire, gules trvo

Jesses or, which are supposed to represent two beams.
The house of Wirtemberg bore three stag-horns. That
of VVernigerode a fish; and the Electors of Hanover
the imperial crown, as archtreasurers of the empire.

Vassalage, When any great family had once assumed a particular

or bearing, it was very natural for their vassals to bear it,

cither in whole or in part, as a token of their depend-
Feudal te- ence. Indeed the grants of feudal tenure were com-
nures. monly made with some such condition. Thus in Brit^

tany almost every family bore Ermine in honour of
tlie ancient sovereigns of that country; and a great
many mascles, and billets, in token of their connec-
tion with the houses of Rohan and Beau Manoir. In
Cheshire sheaves of wheat are very common, and these
were the bearing of the old Earls of Chester. A strik-

ing instance of this custom is to be met with so late

as the time of Edward III. in the case of the four es-
quires of Lord Audley, who all adopted the bearing of
that nobleman, with some little variation. (Vide Spel-
man's AspiUigia, p. 49.) And there is preserved in
the notes on the same treatise, a charter, by which Sir
Geryase de Clifton makes a similar grant of a helmet
to his well-beloved friend Richard de Bevercotes, dated
in the third year of Richard II. In Scotland many

ii

1old families bear stars in thasc parts of the country Heralfc

where the Douglasses were most powerftil. And a *"

large proportion of the families of Renfrewshire bear

their figures chequered, in honour of the house of

Stuart.

The ancient signiory of the castle of Tunbridge in

Kent, belonged to the Clares, Earls of Gloucester, who
bare for their arras or, three chevrons gules ; and there-

fore the family of Hardress bare gules, a lion rampant

ermine dehruised by a chevron or, to denote that they

held their manor of Hardress by knight's service of

the said castle of Tunbridge.
20. Soon after arms had acquired the reputation of Armories

being the avowed and established marks of gentility, "** ^''"

they came to be looked upon as inheritances alienable. 1

So that although no man could legally assume at his

own pleasure the coat-armour which had been granted
per expresstim to another person by the king, yet it

was generally supposed that the original grantee or

proprietor had, as it were, an absolute freehold in his

arms, as well as in his lands, and might with equal

right transfer the property of either to another person.

And accordingly instances are not wanting of the pro-

prietors of coat-armour conveying and assigning by
formal grants, and that with a covenant of warrantry,

the original paternal ensigns of their own family, as

well as the coat-armour of other families which had
descended to them by intermarriages, to persons no-

wise connected with them by blood, to the exclusion of
their onn heirs. Although no doubt eeuld have been
entertained as to the truth of these facts, yet the le-

gality of such concessions having been often called in

question, it is proper to state that the matter was fully

discussed in the court of the Earl Marshall of England,
in the case which depended between Sir Thomas Cow-
gan and Sir John de Norwich, and in that between
John Lord Lovell and Thomas Lord Morley.t

Latterly, however, it has been invariably held as

indispensible, that arms should be either given or autho-

rised by the prince. The concession of arms by the

sovereign may be in the common way, viz. wherein the

royal consent is given to the use of such and such anns,

whether they have been formerly borne by the grantee

or not, as it is expressed in the common words of let-

ters of nobility on the continent of Europe. " In omni-
bus et singulis honestis expeditionibus, et actibus tam
serio quam jocis nobilium, militarium armigerorum mo-
do in toumeamentis hastiludiis," &c. ; or the concession

may be of a particular kind, by which the sovereign

permits his subject to assume some honourable aug-

mentation, often part of his own royal atchievement,

in token of his peculiar favour. Thus the double tres- ^ ,

sure has been granted to several families in Scotland, as concession;

the Randolphs Earls of Murray, the Seatons of that

ilk, &c. ; and the lion, as to the Duke of Lauderdale

by way of supporter. When Henry Duke of Bruns-

wick cnme to England to visit his ally Henry II, who
then bore five leopards or, King Henry gave two of

them to be carried by the Duke, which are still retain-

ed by his descendants, and are marshalled with othw
figures in the fourth quarter of his present Majesty
George III. Edmonstone gives at full length the deed

by which Queen EUzabeth allowed the Duchess of ,

•' Ob hujusmodo causas insignia concedi satis magno est argumento scutum Coleonum gentilitium quod icane Irium tetlium insignitur.
Mnlti enim ex hac familia tres testes habuisse perhibentur. Vide Aldrovandum de Monstrorum historia, Bauhinum de Hermaphroditis
Kornmannum de Miraculis Vivcntium. Coleonum insignia ex vita Bartholomai Coleonis hue traastuliraus. Deditum fuissc amoribus
Auctor satis ingenue confitetur. Et fidem rei feceril illud evangehcorum ministrorum decretuni quod triorchi midani apud Gencanos
pnncipi permisit concubmam Uxori superinducerc de quo videss Tbuanum." Notte m Upton, r. 67.

t See .^nsiJs's JiegisUr oj the Garter, voL ii. p. 260.
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H«al.!ry. Suffolk to " MSUme the arms of England and France tirularly Sylvanui Morgan, in hi^ XMllly

_"^•"y"^ quarttrly within a border gobony gold and Hzure, "
" to Adam's coal, are pleased to derive the comnMJlt ftmi of

be an apparent sign of her consanjjuinity." Arms the roan's escutcheon from the apade of Adam, and of
granted in tliis manner are statetl by Menestricr to be the woman's lozenge from Eve's spindle; but, as Ms-
very common in every kingdom of Kurope, and are in bet observes, " these things are mere fancies." Neither
a proper sense distinguished by the name a( arms of is he more pleased with the sentiments ofSylvestiT De
concession. We shall have occasion to take more partj- Petro Sancto, who deriveth the lozenge from the cushion
cular notice of some of these Iwarings in the sequel, used in sewing, &c. piilvillum in quo exercenl mulieru
In the meantime, we proceed to consider in their order linearia opificia.

the signs of honour.

Of the Blazoning ofAmu.
Of the Shield, Surcoat, and Ensign.

32. Blazon, or the art of blazoning of arms, consists in

21. These are called by heralds the three principal the knowledge of those colours, or metals, which are
signs of honour, in as much as arm« have been common- used in the art of heraldry, and of the several line* of
ly placed on them. The shield being always deemed partition, ordinaries, and changes, whereof tlie coat is

to be a necessary instrument in the defence of the body, composed.
and an honourable badge was judged by all nations the Qr Tinctures
most convenient tabula to contain marks of valour and *'

honour, and therefore it is considered as the most pro- 23. The colours and metals thus used are most coq-
per and principal of all the heraldic signs of honour, monlyblazonedby tinctures, which have their properand
Historians furnish us with various forms of shields fixed terms taken from the French ; which tongue has

used by the ancients ; but at the time when armorial indeed, in consequence of the great excellence of the

bearings were first instituted in the way already dc- French heraldic writers, become, in some sort, the cora-

scribed, and came to be considered all over Europe as mon language of heraldry among all the nations of Eu-
tesserw gentililicB, and hereditary marks of honour, rope. "The terms of these tinctures are these :

shields, for the most part, were triangular, as may be
seen on the most antique monuments, seals, &c. ;* ac- Or, . . . that is . . . Yellow,
cordingly the shield so shaped is called by the French Argent, ........ White.

the ancicH ecu. From this triangular form came the Azure, Blue.

custom in heraldry of putting the greater number of Gules, . . , Red.

figures above, and the less below, as three, two, one. Sable, Black.

In subsequent times, a form of shield became more pre- Vert, or Sinople, Green.

valent, square, rounded, and pointed at the end : these Purpur, Purple.

are most common in this island, and in France. The
Germans make most use of the shield chancre, with 1. Or. This metal is allowed to be the most honour-

bulgings and notches derived from their tournaments, able of all the tinctures. In Latin blazonry it is called.

The Italians have mostly the oval shield. See Plate aureus color, aurum, lutetim, croceum, Galbinum. It is

CCXCI. Figs. 1,2, 3, 4, 5, 6. known in engravings by small points or ticks. Fig. 8.

The surcoat is a loose thin taffety gown, used former- 2. Argent. In l^tin, argenteus color, a/but, and ar-

ly over armour, upon which the arm.s of the bearer gei.tum. To mark this colour in engraving, the field is

were commonly painted or embroidered, that they left blank. Fig. 9.

might be distinguished in time of battle ; a memorable 3. Azure. This is derived from the oriental lazurd,

instance of the use of which we have preserved in the which signifies the heaven or its colour. The l>atins

history of the Chevalier Bayard. These surcoats were say, caertdeus, casium, glaucum, cyanetis. It is repre-

much like those now worn by heralds. sented by horizontal lines. Fig. 10.

The third is the Ensign, under which general name 4. Gules, evidently derived from the eastern gvl, or

are comprehended the varieties of Standard, Banner, ghul, which signifies a rose, red, &c. In Latin, color

Pennon, Gideon, and Gonfanon. roseus, rubor, rubeus, sanguineus, coccineus ; marked in

The first two are of a square form, bearing the whole tallyduce by perpendicular lines. Fig. 1 1.

achievement of such as have a right to them ; which 5. Sable, comes also from the oriental word which

Bone hath under the degree of a knight banneret. expresses the same idea, zibei, zebet, still retained in

The pennon and gideon are of an oblong form, with the French, as mailre zeheline, maitre noire; marked by

a sharp point, and carry a part only of the owner's cross hatches, perpendicular and horizontal. Fig. 12.

arms ; as his device, crest, and motto. 6. Vert, the common French word for green. The
The gonfanon is a banner of the church, square, but French themselves commonly use sinople, a term the

having three labels, or^fMWW, and the bearer thereof is origin of which has occasioned no small difficulty,

called the gonfaloniere. Some think it is derived from the city of Sinope, in

Arms have also been represented anciently on the Asia, as if the earth there were green ; others esteem it

fiimiture of horses, as in the seals of Alexander II. of derived from the Greek ntant* •tAjb, green arms. This

Scotland, Edward I. of England, the two De Quinceys, also seems to us to l>e of Oriental origm, tsin, herb, ver-

Earlsof Winchester, in Spelnian,&c. See Plate CCXCI. dure; 6A/, blade: the young blade of grass, which is

Fig. 2. always of the most beautiful green. Indeed, our own
Women place their arms on a lozenge, (See Fig. ?•) word green expresses no other idea but that of gron-ing.

which is a square figure with one of its angles upper- The Latin writers say, viridis or prasinus. It is mari-

most; or on a fusil, which is a figure of the same na- ed by diagonal lines from right to left. (Fig. 13.)

ture, but longer than it is broad. The old writers, par- 7. Purpur, is marked by diagonal lines from left to

* Sl>ei)ca gives the HecUciost fccight a shield sf thia form, F<ury Queen, 1. fi. 41. •• And cttching up in baste h>« tlirte-square shieU.'*

The da*,
turn.

Plate
CCXCI.
Fig. 8.

Fig. 9.

Fig. la

Fig. IL

Fig. 12.

Fig- \X
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This colour is, by the best writers, little ap- sed to take its name from an animal of the same name. Heraldry

the skin of which has long been considered as a royal ^""^r*"

and noble ornament. In Great Britain, the different

degrees of nobility are distinguished by the number
of rows of ermine with which the mantle of the peer

is trimmed ; and Menestrier informs us, that at the

coronation of Henry II. of France, for want of true er-

mines to line his robes, use was made of cloth of silver

spotted with patches of black velvet. This fur is re-

presented in blazoning-, by a white field powdered with ^'^^V'j

mbAedtoabaUmentsofYionour, and so are called disho- black spots, which spots have the point upward tipped pV ^^
nourable stained colours. with three ticks of black. (Fig. 15.) Contre ermine is

that in whicli the field is sable, and the spots argent.~'
As for the English furs, ermiiwis field or Fig.

right,

proved. Spelman talks of it as of new introduction in

his time ; and in Scotland it is entirely unknown, ex-

cept among the new gehtri/, as Nisbet says. (Fig. 14.)

Besides these, the English heralds mention two other

colours. Ist, Teniii), or orange ; known, in engraving,

by diagonal hatches from right to left, and e contra from

left to right. 2d, Sanzmne, or dusky red, marked by

cha^onal lines from rigiit to left, and horizontal ones.

These two colours are, by the English writers, appro-

When any object is represented not in any of these

heraldic colours, but as it is in nature, as, for instance,

grapes, peacocks, &c. it is then blazoned proper.

Some fanciful heralds, particularly in England, give

out a rule, that gentlemen's arms alone should be bla-

zoned in the manner above mentioned, those of noble-

men by precious stones, and those of sovereign princes

by planets ; thus,

Tinctures. Precious Stones. Planas.

Or, Topaz. Sol.

Argent. Pearl. Luna.
Blue. Sapphire. Jupiter.

Red. Ruby. Mars.
Green. Emerald. Venus.
Sable. Diamond. Saturn.

Purpur. Amethyst. Mercury, &c

•«• -i'

;Thefuis.

£rcii;nc.

' But these niceties seem to be entirely of a piece with
the imaginations of another herald, who insisted on bla-

zoning Xiyjlomers ; as rose, jopquil, &c. or with the ac-

curate definitions of virtues, &c. signified by particular

tinctures, at one period so much in vogue : as nr, faith ;

argf«/, innocency ; A/wc, loyalty,' &c it issulticient to

observe, tliat not only is all blazoning of arms of diffe-

\ rent degrees in different manners unknown to the he-

raids of France, Italy, and Germany ; but that the

X-.
practice would tend to confound colours with charges,

and the things borne with the colours. Moreover, it

would render useless the great rule of not putting co-

lour oil colour, or metal oh metal ; * for this could not
, bold, were metals and colours no longer employed or
1 named in certain armories.

OfFurs. Ermine. Voir.

23. The use of furs in armories is in all likelihood
derived from the habits and. garments of military men
and civil magistrates, according to the opinion of Sylves-
ter De Petro Sancto, Nisbet, and Others, though a diffe-

rent account of the matter is given by Sir George Mac-
kenzie. The antiquity of their use is proved by the
circumstance,'that when Innocent III. commanded Con-
rad Bishop of Wurtzburgh, by way of penance, to go
and fight against the Saracens, he particularly forbade
hun to appear in ermine, vair, or any colour employed
in tournaments.

These furs. Ermine and Vair, are the principal furs
employed in the heraldry ofany country, and the only
ones known m France or Scotland. Ermine is suppo-

A,i
*

^.^^T^i'f
"""?*'' '" '" '^"^ ""'^^^ '" "''' ""'gin fcy Feron, in that part of his work wherein he treats of the armorial bearings of

Adam. ' lelle couleui- de rouge est attrihuee a notre bon pere Adam, qui porta pour armes de guuulles seullement auquel commen-
ia noblesse, et qui en laugue ebraique signiSe rouge. Aussi iut il forme de terre a» champ de Damascene. Les quelles armes il ne
porta iongucmcnt transgres-ant lecommandenient de Dicu; et lors furent charg^es d'uoe pomme de sabte demonstrant le vilain pe-
«he par lui commis contre le puissance divine en trangressant son commatnUmem. Qui est le motif que nos prcdecesseurs ont tenu pour
jnaiime ceste reigle generals, que armairies nontfaulses ou coufcit domine autre cou/ear, qui a este observee jusques a present."

Vide NitU in Uptonum, p. 39.

(Eig. 16.) As for the English furs, erminois field or Fig. 16.

spots sable ;
pean field sable spots or ; and erminiles

field argent, spots sable, with a single hair gules at each

side of the spot, these are unknown in any other coun-

try.

Ermine and its kinds have two tinctures. The spots

are in place of figures ; and it may therefore form a
complete armory of itself, as is the case with the arms of
the Duciiy of Burgundy. But ermine may also form a
field whereon every charge, either of metal or co-

lour, may be placed ; or it may form itself the char-

ges, and be placed without impropriety upon any
shield.

The spots of ermine are of an indefinite number, ir-

regularly disposed on the shield : but any certain num-
ber of these under ten may be borne after the position of

any of the heraldic charges. In this case, they are not

to be blazoned ermine. The spots being in truth char-

ges, are called by us ermine s/wts; by the French too-

shetours ; and in the blazon their number and disposi-

tion must be expressed. The Latins call them macuUe
muris armenice.

Whin is the other principal fur in heraldry. From Vair.

what its name is derived seems perfectly uncertain.

The Latins certainly blazon it, " Arma variata," &c.

Its pieces are always argent and azure, disposed in the

maimer of rows of little figures, resembling shields or

bells, so placed that the point of the bells in the second

row is between the base of those of the first. (See

Fig. 17.) The grand-vair of the French is that where- Fig. 17.

in the rows of these figures are only three in number.

In menu vair the rows are above four, and this is the

common vair of our heraldry. For countre vair, see

Fig. 18. Fig. 18.

The species of fur represented in Fig. 1 9. which con- pjg. 19.

sists of pieces alternately arranged of azure and argent

resembling cups, goblets, &c. is variously named meirre,

vairy cuppy, vairy tassy, or potent contre potent azure et

argent. Potent is derived from polence, a galloivs, the top

of which these figures are supposed to resemble. These

furs may all be used in the same manner as the er-

mines.

Of the Points of the Shield.

24. For the convenience of blazoning, the different

parts of the shield have received particular names, ta-

ken from the parts of the human body; of these a

scheme is given in Fig. 20. ABC represents the high- Fig 2».
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Of the lines,

fLATE
rcxcr.
Figs, al-
io.

Fig. 41.

Fig. 42.

Fig. 43.

Fig. 44.

est pnrt of the sliicld, which the French called chef, nnd
wc the chief. D is called the collar, or honour poinl, be-

cause badges of honour are worn on the breast, n-s those

of tlie garter, thistle, &c. E is called Ihe cariir poinl, aa

also the centre, orJess point. F, the nombril, or navel

point. Gil by the French, t\\e Jlanque poinl.%, by the

English the base points. I, the base point. A is the

dexter chitf point, or canton, B, the middle chief point.

C, the sinister chiefjmnt. G, the rightJ)ase point. H,
the sinister base point.

When arms are blazoned without relation to, or ex-

pression of, the point wherein the figures are placed,

they are then supposed to occupy the centre of the
shield. When figures are ranged as ABC, they are said

to be in chief. When ranged so as to reach from the

dexter chief point to the sinister base point, to be in

bend ; from the sinister base point to the dexter chief

point, in bend sinister ; when placed between the base

points, they are said to be in base or in point.

Of the Lines of Partition.

24. The field or surface of the escutcheon is divided

into parts by various lines.

1. A plain horizontal line.

2. An angle.

3. A Bevile.

4. Escartele.

5. Nowy.
6. Arched, or enarched.

7. Double arched.

8. Wavey, or unde.

9. Invecked.

10. Ingrailed.

11. Battled, embattled, or crenelle.

12. Battled, embattled.

13. Nebule.

14. Potent.

15. Indented.

16. Dancettc.

17. Patte, or dovetailed.

18. Urde.

19. Rayed, radiant, rayonne, or rayonated.

20. Raguly.

It must be observed, that indented and dancette are

lines of the same form, differing, however, in the size

and number of the cuts or indents ; those of the former

being more numerous and sm.-dler than those of the lat-

ter. For example, a Fess dnncetti should be composed
of three indentations and no more, whereas the Fess

indented may have double that number. These lines are

all engraved in Plate CCXCI. from Fig. 21—Fig. 40.

When a shield is by a horizontal line divided into

two equal parts, it is said to be coupe, otparted perfess.
See Fig. 41.

When a shield is by a perpendicular line divided in-

to two equal parts, it is said to be party, or party per

pale. See Fig. 42.

When a shield is divided into two equal parts by a

diagonal line drawn from the dexter point chief to the

sinister point base, it is said to be Iranchd, or party per

bend dexter. See Fig. 43.

When it is so divided by a diagonal line from the si-

nister point chief to the dexter point base, it is said to

be taillt; or party per bend sinister. See Fig. 44.

When the partition line is straight, as in Fig. 2 1 . above

mentioned, it has then no additional denomination in

the blazon. But if it has any ofthe other twenty forms,

then the term of that form must be added in the bla-

zon, and is of frequent use for the distinction of ca<lets.

VOL. X. PART II.

Mry.

Pif-M'

Pig. 44.

Pig. 4T.

If by perpendicular lines.

If by horizontal lines, . . ,

If by diagonal lines &om right

to left,

PiC.4«.

Fig. 49.

Fig. 49,

Fi*4a

Fig.*!.

When the fir«t two linci, parted per pale, ind parted ti*"

perfess, (in French coiipi' and prrii,) meet in a field,
'*"^/"

they divide it into two equal p.-trts, or qiuirteri, which
''•*''•

are of diflcrent tinctures, the fir»t m the fourth, and the
"*""

second as the third. Thus we iwy qunrteriy gulft and
argent ; the French ccnrtile de gueuiet el d'argcnl , Ge-
rard Leigh and his followers, parted per croti. See Fia
45.

When tranche and taille meet in • field, they divide
it into four areas, which is blazoned parted per ialtier

argent and azure. The French would say d^arsei^

Jlanque il'azure, or L'ecartile en tautcir. See Fig. 4/5.

When coujie, tranche, and taille meet in a field, they
make six triangular areas-blazoned girony of six. Set
Fig. 47.

When the whole four lines, coup6, party, tranche,

and taille, meet in one field, they divide it into eight
conal parts blazoned girony nf eight.

When two half diagonal lines rising from the dexter
and sinister points base meet in the collar points, it is

parly per chevron. See Fig. 48.

When a shield is divided into three equal parts, it b
said to be tierce. See Fig. 49.

'
tierce per pale.

Fig. 49.

tierce perfeu.
Fig. 50.

tierce per bend dex-

ter. See Fig. .51. Fig. 51

If by diagonal lines from i^aVT'^^r^'"'"!"'
*_ -_tV ° < ter,or tierce en bar,
*•'"«''*'

1 See Fig. 52.

Repartition lines, are those by which the shield is

divided into unequal parts, as coiipe-my-partec, and par-
ty-my-coupie. See Figs. 53. and 54. Figi. *.',

54.

Of the Figures of Heraldry.

25. These are either peculiar to heraldry, and derive

their names from it, and therefore called ordinaries; or
they are things natural or artificial used in armories,

but retaining their own proper names ; these are char-

ges, properly so called.

I. Of Ordinaries.

All ordinaries are composed of some one or other of Of Oidioa.

the above-mentioned lines, and are in number 1 9, ac- net.

cording to the English heralds, viz.

1. The Chief, which is formed by one line only Plate
drawn horizontally across the face of the shield, so as to ccxcii.

separate tlie third part of the escutcheon from the rest. ''* '•

See Fig. 1.

2. The Pale, which is composed oftwo parallel lines

drawn perpendicular from the chief to the base of the

escutcheon, and should contain one third part of the
breadth of the shield. See Fig. 2. Fig. i.

N.B. The Bfi/e admits of two subtlivisions, or dimi-

nutions as to Its breadth. The half of the pale is called

a pallet ; and the half of the jmIU-I is called an endorse

or verget. According to the strict rules of heraldry,

neither endorse nor pallet can be charged.

3. The Bend, which is formed by two equidistant pig. 3^

lines drawn diagonally from the dexter chief to the si-

nister base of the scutcheon, aca)rding to a rule laid

down by Leigh, Holme, Guillim, &c. should, if char-

ged, be in breadth one-third ; if not charged, one fii\h

of the shield. Others make no such distinction, but

tell us, that the bend possesseth always the third part

of the escutcheon from the right chief angle to the left

base angle.

4 Y
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Plate
CCXCIl.
Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

FiS- 7.

Fig. 8.

When there are more than one bend in a coat, they
are called bendleis ; but when the field is equally di-

vided by 4, 5, 6, S, or 10 lines, or any even number
deruhvays, then it is termed bendy of so many pieces.

The bend, or, as it may be called for distinction sake,

the bend dexier, has more subdivisions or diminutives

than any of the other ordinaries: 1.?/, The bendlct,

which should contain one-sixth of the shield; 2rf7//, A
garter; 3dly, A cnllise; ithly, A ribbon, none of which
can be with propriety charged. See Fig. 3.

4. The bc?id sinister, which passes diagonally from
the sinister chief point to the dexter point in base, has

not the same diminutives as those of the bend dealer;

but, according to some heraldic writers, is subdivided
into a fcarp or sca/^, which has just half the breadth
of the bind tiitisler, and a ballon or fissure containing
half the breadth of the scarf. See Fig. 4.

Many, however, will by no means admit of the bal-

lon being said to be a diminutive of the bend sinister, or

any part of any of the ordinaries. According to many
years practice, the ballon does not touch the extremi-

ties of the shield, nor the extremities of the (juarter

where tile paternal arms are placed, as all the ordina-

ries do, but is, on the contrary, coiiped or cut short,

and so borne as a mark of illegitimacy, (as may be seen

in the arms of the Dukes of St Albans, Grafton, and
Buccleuch, all descended from bastards of King Charles

tlie Second,) and not as an ordinary or charge, or any
part of the coat. For although some instances are to

be met with of ancient arms, where the ballon sinister

is passed from the sinister chief to the dexter base over
all, and others where it passes from corner to corner
over the paternal arms, and not over the other quarter-

ings ; yet in every one of these it is used as a mark of
illegitimacy, and not as either an ordinary or a charge.
This mark or batton may, in the arras of royal bastards,

be of metal or fur, or both ; but, in the escutclieons of
those of the humbler sort, of colours only. When both
a bend dexter and a bend sinister occur in the same coat,

that is first mentioned which lies nearest the shield

;

thus argent, a bend azure surmounted by a bend sini-

ster.

5. The Fess is formed by two lines drawn horizon-
tally across the shield, and is understood to comprehend
in breadth the third part of the shield, though less room
is often assigned to it. This ordinary cannot be di-

vided or diminished like the bend, but may be voided,

a form to which all the ordinaries are liable. Folded is

said of an ordinary when its middle is cut away, so that
no more of it remains visible than the two outside lines ;

as azure, afess voided argent, by the name of Bleckall.

6. The Bar is formed by two equidistant lines drawn
horizontally across the middle or centre of the escut-
cheon, after the manner of the /ej.«, but containing one-
fifth part only of the field. The bar hath two diminu-
tives, viz. a closet, which is in breadth one-half, and
a barrulel, which is in breadth one-fourth of the bar.
When the field is divided into 4, 6, 8, 10, or 12 equal
parts, it is tlien blazoned harry ; and when the dimi-
nutives of the bar are placed in pairs on the shield, they
are called bars gemelles, from the Latin gemelli, twins.

7. The Escutcheon itself is deemed an ordinary,
and is composed of three lines. It may be carried
sin>;ly, or with otliers, as in the coat of Hay, argent,
three escutcheons, gules. .See Fig. 7.

N. B Inescutcheon signifies the same thing.
8. The IJoHDER hath, by several writers, been refu-

sed admittance into the number of ordinaries ; they al-

leging, that it is not a principal figure, but a difference
only. Nisbet, however, very properly observes, that

Plate
C'CXCII.
Fig. 9.

this is quite unjust, inasmuch as many coats consist of HersddryJ

other charges than the border alone. In blazon, borders
always give way to the chief, the quarter, and the can-
ton : so that, in coats charged with one of these ordi«

naries, the border goes round the field until it touches
it, and there finishes ; but, in respect to all other or-

dinaries, it passes over them. When a border is of two
colours, and divided into squares, it is called a border

conipcny or company ; if it hath two rows of .<;quares, it

is cailed counter compony ; if three, it is caWed cheque.

A border purjletoed is shaped exactly like vair : when
it is of one row, it is called purflewed; when it is of
two rows, it is counter pur/!eived ; when of three, voir.

The border enaleron is a border charged with birds

;

the border enloirc is charged with besants ; the border
verdoye is charged with vegetables ; the border enumey
with lions, &c. But these terras ought all to be dis-

carded as useless.

9- The OuLE is an inner border of the same shape as

the escutcheon, and doth not touch the exterior of the

shield, the shield being seen within and around it on
all sides, so that it appears like an escutcheon voided.

The edges of the orle may be ingrailed, indented, in

.

vecked, &c. When any bearings, as martlets, mascles,

&c. are placed round an escutcheon on a field, they are

said to be in orle; and it is needless to mention the

number of them, for figures so placed are always sup«

posed to be eight in number. See Fig. 9.

The Tressure is a diminutive of the orle, formed by
a small line or trace passing along the field, and en-

compassing the iimer part of the escutcheon in the same
form as that of the shield. In some coats, the tressure

is formed of two lines or traces, Jlory counter-Jiory, as

in the arms of Scotland. Indeed, unless it be of this

sort, it may as well be called an orle as a tressure, as

Edmonstone has well observed.

10. " The Flasque consists of an arched line drawn
somewhat distant from the corner of the chief, and
swelling by degrees till you come towards the centre of

the escutcheon, and then decreasing again with a like

descent unto the sinister point base." See Fig. 10.

" The Flanch is formed of an arched line, taking

its beginning from the corner of the chief, and from

thence compassing orderly with a swelling embossment,

until it come near the nombril of the escutcheon, and
thence proportionably declining to the sinister base

point." So s.iys Guillim ; but Gibbon and Edmonstone

are both of opinion, that these two ordinaries are one

and the same. Tlie voider is certainly a mere diminu-

tion of the flanch, and, by reason of its smallness, can-

not be charged.

1 1. The Saltier, or Sauloir, is an ordinary consisting

of a fourfold line, two whereof are drawn from the dex-

ter chieftowards the sinister base corner; and the other

two from the sinister chief to the dexter base point. If

not charged, it containeth one-fifth ofthe field ; if char-

ged, one-third. See Fig. 11.

12. The Cross, after the expeditions to the Holy

Land, came to be an ordinary ofmost frequent use. It is

composed of a fourfold line, whereof two are perpendi-

cular and two horizontal ; so that it seems to be form-

ed of the pule and the fess, not lying on one another,

but corporally united in the centre. The great variety

of crosses used in heraldry is such, that in ah consider-

able systems several pages are filled with engravings of

them, Fig. 12. The most considerable are the cross pa-

lee, Fig. iS; the cross/;o/e«ce,Fig. 14; the cross aveilane.

Fig. 15; the cross furche, Fig. 16; the cross crosslet,

Fig. 17 ; the cross bolone, Fig. 18 ; the cross flory, Fig.

19; the cross palcefilched, Fig. 20; the cross pierced,

Fig. 10.

Fig. II.

Fig. 12.

Figs. 12-

2y.
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Plate
CCKCII.

Pigs- 21,

Fig. 23.

Fig. n.

Fig. 25,

Fig. 26.

Fig. ST.

Fig. 28.

Of charges.

Arms very

simple of

oUi.

New and

mercantile

anus.

Fig. 2 1 ; the cross moline, Fig. 22. The proportions of
the cross are exactly the same as those of tlie saltier.

13. The CiiEVEHON is an ordinary formed of twofold
lines placed pyramidically, and is resembled to a pair

of barge-couples or rafters, such as carpenters use to

support the roof of a house. Its diminutives are the

chcvroncl, which is half the chevron ; and the couple

close, which is half the chevronel. See Fig. 23.

I*. The Fhet is formed of six pieces, two of which
ComiMse a saltier, and the other four a mascle, over which
the saltier pieces must be interlaced. When the fret is

composed of 8 or 10 pieces, we say, orfretly azure, &c.
See Fig. 'Jt. •

15. The Pile is an ordinary composed of a twofold

line, which forms a long wedge broad at the top, and
terminating at the base in an acute angle. See Fig. 5i5.

1 6. The (jiuoN is an ordinary ofa triangular or conical

form, composed of two lines drawn from diverse parts

of the escutcheon, and meeting in an acute angle in the

fess point. This may be borne singly, or in couples, to

the number of 4, 6, 8, 10, or 12. When there is only
one gyron in a coat, it ir. blazoned thus, argent a gyron
sable, without mentioning the point from which it is-

sues, that always being supposed to be the dexter chief

point ; but if it stand elsewhere, it must be expressed. If

there be six gyrons in a coat, it is blazoned, gi/rony of six,

or and sable, and so ofany greater number. See Fig. 26.

IT.TheQuAUTER is an ordinary composed oftwo strait

lines, containing one-fourthpartofthe shield. SeeFig.27.

18. The Canton is of a square figure less than the

quarter, containing one-third of the chief. See Fig. 28.

19. The File or Label, though used as a distinction

of houses, is very properly placed among the ordinaries

by Holme, by reason that it is variously borne and
charged.

Of Charges or Figures not peculiar to Heraldry.

26. Anciently arms were simple and plain, consist-

ing of at most a few figures distinctly set forth on tlie

shield ; the heralds of those days being universally of

opinion, that the plainer a coat is the more honourable

it should be esteemed. The armsofthe house of France,

were simply three fleur-de-lys or in an azure field. The
royal arms of England, at most three lions or on a field

gules. The arms of Waldgrave, simply per pnle argent

and gules. Those ofBurgundy ermine alone, without any
charge whatever. As coats of arms increased in num-
ber, a deviation from this original simplicity soon be-

came unavoidable ; a conspicuous variation from each

other was absolutely requisite ; and this necessity was
never more felt than in camps and tournaments. This

at first was effected either by a repetition on the same
escutcheon, of some one or other of those particular fi-

gures, which had • heretofwe been used as charges ; or

by placing in the field two or more distinct bearings.

It was not long, however, before this mode proved ina-

dequate to the purpose for which it was intended. The
continual multiplication of arms had exhausted all the

variations of which armories were, as they then stood,

susceptible, and called for additional marks of distinc-

tion. Wherefore such a multitude of new charges have

been from time to time introduced, that it may be truly

said, there is scarce any thing either natural or artificial

that is not, or has not been represented in coat armour.

The embarrassments which, from the multiplicity of

coats of arms, and the infinity of charges former heralds

lay under, in the contriving new armories lo m not to HcraUrf.

have them clash with others already in one, Icil
•' — —

'

as might well have been expected, into many a'

ties ; but to their praise it must be said, that tlv
'

only avoided, with great caution, all improper «i

tinct figures, but blazoned what they did select wiin
so mucli fulness and nicety, tliat none could bo at s lota

to draw them with accur.icy and exactness. Modrni
heralds, however, have not always followed their cowl
example in this respect ; on the contrary, they Tiav*
stuffed the newly purchased coats with such a multi-
tude and variety of charges, and inlrcKlucccl such •
medley of novel and extraordinary be;irii>Ks, that these

escutcheons are for the most part crowdt'<l, confused,
!.nd unseemly, and ofconsequence altogether inadequate
to the original purposes of coat armour.

Possibly they are desirous of giving goo<l penny-
worths, and think that as purchasers now p:iy much
dearer for their ai-ms than they used to do, they are

entitled to a greater number of bearini: ccount.

The arms granted to one Edward v. of the

island of Jamaica, aiTord a notable instance : " Argent
a negro cutting with a bill a sugar cane, all proper; on a
chiefazure two pine-apples oil, leaved of the latl. I$ut th*
escutcheon of an officer lately returned from the F.a«t

Indies, viz. lieutenant John Natlian Hitchins, presented
still greater absurdities : " Quarta-ly \st and ilh vcrl an
elephant and tiger rampant comballant, an officer of the

honourable East India Company's dragoons standing by
tvith a musket in his dexter hand, and a dead horse cou-

chant in the sinister point base, all proper, id and 3d
gules between three pieces of ordinance or on a chevron

argent two oriental tiaras contre embaltled proper." The
motto, " Auroram et Gangem pauci dignoscere possumt."

Another grant runs thus : " Sable on a cheveron between

2 pistols in chief on, a silver medal with the French

king's bust, inscribed ' Louis XV. par la grace du Dieu
lioi de France et Navarre,' tied at the top with a ribbon

gules. A laurel chaplet in the centre, a scalp on a staff"

OH the dexter, and a tomahawk oh the sinister, alt proper.

For the crest : On a wreath a rock ; over the top a bat'

tery in ]>erspeclive ; thereon the FrenchJlag hoisted, an

officer of the Queen's Royal American Hangers climbing

the said rock sivord in hand, all proper .'"

The arms of one Templar are thus blazoned in the

grant : " Quarterly azure and gules, the perspective ofan

antique temple; on the pinnacle and exterior battlements

a cross moline or. In the Jirst quarter, an eagle dis-

played. In the second, a flag trippant, regardant of the

last.'' The arms of Mr vN'ifiiam Sitlington, teacher of

philosophy in Wapping, are thus :
" Azure on the ecliom

tic circle or, the sign Libra ; in chief, a letreslrial globe

on a stand, all proper ; and in the base, on a mount vert,

A MALE CHILD extended in bend sinister proper. Crest,

On a wreath, a holy lamb regardant ermine accolled

with a laurel branch vert, holding a banner proper.

Motto, Have mercy on us, good Lord " On the riilieu-

lous pai-ts of these armories, and the incomprehensible

jargon in which they are set forth in the granU, it

would be absurd to enlarge. The arras are such as no

ancient herald, rightly embued with the principles of his

art, could understand ; and no painter can properly re-

present without the help of inspiration, unless he can

see the painting on the margin of tlie grant*

Many other examples of a like sort might be pro-

duced ; but, to those already mentioned, we shall only

* In the same taste, a late tutor and examining master at Oxford assumed aa crest, >' Ma cap nf maitilenanee a mark rf tnttr-

rogation nciu/c." Mollo, " to td; artAAi;; 55-f(j«j nMvrcttti twiyli'lfM." The congenial escutcheon

—

"gktcs, a /<ur atmflm tf

The Ethicks expanded proper .'"'
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Heraldry, add that of thc bearing granted to one Mr Tetlow,
^"'^1''^' which is so extraordinary, in respect to the coat as well

as the crest, that it is not, by any means, to be omitted

in this place. In the arms axeJive music bars ; and the

crest is thus set forth : " On a book erect gules clasped

and leaved on, a silver penny argent tvhereon is written

the Lord's prayer ; on the top of the book a dove proper,

in its beak a crotv-quill pen sable; in commemoration,

as is said, of the brother of the grantee having written

the Lord's prayer within such a compass.

Neither can any one greatly approve of a grant of

arms, wherein we find " a troubled ocean viith Neptune

rising therefrom^ holding in his sinister hand part of the

wreck of the ship Royal George," to indicate, that the

Hncle of the grantee had suffered shipwreck along with

Kempenfelt ; or of a grant, wherein is introduced, " a
China porter carrying on a yoke two faggots of cinna-
mon," to indicate, that the grantee had once made a

voyage to the Dutch islands ; and yet all these absurdi-

ties arise from the present or late system of charges

adopted in the herald offices.

But to return from this digression, if such it deserves

to be called, to notice particularly all those figures
' which are even, by the most excellent authors, admit-

ted as proper for the practice of heraldry, would be al-

together inconsistent with the limits of an article such
as this. The principal only can be noticed ; and, in

the first place, it is fit to observe, that of charges some
are round in shape, some square. The former are ge-
nerally called roundles or roundlets; and of these, which
differ from each other in name according as they are of
different tinctures, there are nine ; seven of them be-

ing perfectly globular, and two of them flat like a piece

of coin.

Of roun i. The Roundles. or Roundlets.
Uts.

^l.Or, ''

1. Bezants.

£ 2. Argent, 2. Plates.

« 3. Vert, 3. Pomeis.

2"

*3 <

4'. Azure,

5. Sable,
are then

'

called '

4. Hurts.

5. Ogresses, or Pellets

s 6. Gules, 6. Torteauxes.
J3 7. Purpure, 7. Golpes.
^ 8. Tenne,

9. Sanguine,
8. Oranges.
9. Guzes.

1. Bezants, when they are armorial figures, are flat

pieces of plain gold, without any stamp or impression
upon them. When introduced into heraldry, they had
their name from the ancient coin of Constantinople, or
Byzantium.

2. Plates are likewise flat, as representing thin
pieces of silver bullion when fitted for the stamp.
The other seven figures are always globular, viz.

3. Pomeis, which derive their name from the French
pomme, an apple.

4.. HuBTS, so called from their resemblance to a small
blue fruit, named hurtle berries.

5. Ogresses, or Pellets, resemble bullets for guns.
In blazon, they are generally termed pellets, but some
of the ancient heralds call them gun stones.

6. Torteauxes take their name from the French ap-
pellation of a certain species of round cakes, which, in
England, used to be called wastal-cakes, or wastals, by
which name we often find them distinguished in ancient
blazons.

7. GoLPEs, according to Gerard Leigh, are wounds ;
and GuiUijH even thinks they may be called so in bla-
aoning.

8. Oranoes, the well-known fruit. HcrnWry.

9. Guzes are said to represent eye-balls ; but these ^""Y"™'
are of very rare occurrence even in English heraldry.

When any of these nine figures are in a coat, and
countercharged, they lose their beforementioned re-

spective names, and are all indifferently stiled roundles ;

so that if we look at the painting of a copVarmour,
which is blazoned jfer pale oh and gules three roundles,

we shall find, that, of the two figures in chief, one is a
bezant, and the other a torteaux ; and that the solitary

figure in base being divided per pale gules and or, the
one half thereof is a bezant, and the other half a tor-

teaJk. When the field is strewed with any of the first

five beforementioned figures, or if they are placed on
crests, supporters, or any ordinary or cliarge, they are
termed, bezanle, plate, pomette, hurte, and pellette ; but
ifthe field be strewed, or semee, with any ot the four last

mentioned roundles, we say, seme of torteauxes, seme of
golpes, seme of oranges, and seme ofguzes.

Foreigners have no more than two specific names for

all these round figures. When they are of metal, they
call them bezants, when of colour, torteaux ; therefore
they say, so many bezants d'or, or d'argent ; or so many
torteauxes d'azure, de gules, de sable, &c. and when they
are half metal, half colour, if the metal hath precedence
in position, they say bezant-torteaux of such metal and
colour ; and so, e contra, iorteaux-besants when the co-
lour precedes the metal.

The roundlet voided, is the annulet, or ring. When
these pass into one another, the French say vires.

Of Guttes.

Another sort of charge very common in armories re- Of gutter;

ceives, in like manner as the roundlets, divers names of
blazon, according to the variations of its tinctures.

This charge is called guttes, i. e. drojis of things liquid,

whether by nature or by art.

^1

for

j
argent

vert

azure

. sable

L gules

a
>-.

-a

guttes d'or

guttes d'eau

guttes d'olive

guttcsdelarmes
guttes de poix

guttes de sang

I.e. <^

drops ofgold
water
oil ofolives

tears

pitch

blood

Guillem, indeed, says these are seldom borne alone

;

but Edmonstone differs from him, and instances among
other examples of guttes borne as a charge.

Argent three guttes depoixi for Crosbie.

But it is true they are much oftener borne strewed
on fields, ordinaries, charges, crests, supporters, &c.

and in such cases whatever is charged with them is

blazoned thus. Argent gutty de sang, which denotes that

the whole escutcheon is sprinkled with red drops, and
so in regard to a crest, a lion's head gules gutty d'ar-

gent.

There are three square figures deemed to be proper

charges, the lozenge, the fuzil, and the mascle. Of
these the two former have been already mentioned and
described as applied to a different purpose. The field

or ordinary may be covered with lozenges orJusils, and
it is then callefl lozengy,Jusilly. If fusils are borne in

pale, as a palejusilly, or six fusils in pale, they must lie

fesswise, i. e. their acute angles must be dexter and si-

nister. But it afess fusilly, their acute angles must be
in chief and base.

The muscle differs from both lozerige and fusil in this

respect, that according to the sentiments of all authors it

must be pierced tlirough, or voided. When any coat.

i
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in which one or more mascles occur is hluzonetl, their
number is mentioned ; and if tliey be close toj^ethcr or
CO)ijoined, that circiim^itunce is not omitted, thus, Ar-
gent a mascle in fas.i bctiveeti three pellets sable. OsbaU
deston, sable Jive mascles conjoined in cross or. Brand-
retli, gules seven mascles conjoined or three, three,

and one. Tlie coat of l>e Qumcey, Earl of Winches-
ter, well known by ancient seals. Plate CCXCI. Fig. 2.

The Billet is an oblong figure, sup|)osed to take its

name from its resemblance to a billet ofnood.

Rulesfor Blazoning.

When a coat ofarms is blazoned, the field is first men-
tioned, next the ordinary, last of all the charge. If the
coat consists of two colours only, as the coat of Hatton,
we may say, azure a chevron bettveen three garbs or, which
implies that both chevron and garbs are or. Or thus,

azure a chevron or between three garbs of the last.

When the charges next to the field are mentioned,
then proceed to those which lie more remote, as in the
coat of Pratt, sable on a fess between three elephants
heads erasetl argent as many mullets of the first. Here
the mullets, being the most remote from the field, are
last mentioned, and as both field and mullets are sable,

the words of the first are used to avoid repetition.

Wlien a field is divided by lines, they must always
be mentioned before the colours, as in the coat of Wal-
degrave before mentioned parte per pale argent and
gules. Aston, parte per chevron sable and argent. Boyle,
parte per bend crenelle argent and gules.

N. B. Besides the above mentioned charges, there
are other two, rejected indeed by our English heralds,

but of common enough use among foreigners.

1. A shield is by them called papilloni, when it is

covered with figures like the scales of fish,

2. " Diaspre, or diap^re, is said when the field is sha-
dowed with flourishings and various turnings, by pur-
_/e/f of gold or silver, or tinctures after the fashion of
flowers or leaves, like the weaver's diaper-napery."

The Germans practise this most, as the French do the
papilloni.

Concerning all the figures we have as yet observed,
whether under the head of ordinaries, or under the
present, heraldic writers are much at variance among
themselves. Some arrange them all under the head of
ordinaries, dividing them into honourable ordinaries,

and subordinaries. Others, and among the rest £d-
inonstone, adopt that order which we have observed.

Indeed, uniformity in this matter could by no means
be expected among authors who differ from each other

,
upon matters of so much greater importance in their

art. Those figures which are by one set of writers af-

firmed to be altogether peculiar to heraldry, are by
others considered as evident representations of objects

the most familiar in nature or in art. As to those fi-

gures which we shall next take into consideration, they
are all of one mind. Heraldry has, according to every
authority, borrowed them from nature.

Of' the CelestiatFigures used in Armories.

27. 1st, The Sun. When of the metal or, it is said

to be proper ; when of one of the colours of heraldry,

it is called ombre de soleil df s^ules, &c.
2d, The Moon. When fu\l, s.tid to be in her com-

plement. The half moon is styled crescent, increscent,

decrescent, and. crescent rfversed, according to her po-

sition in the shiild ; crefcnil, when the horns are to-

wards the top of the escutcheon ; increscent, when the

horns are towards the right side of the shield ; decres^

cent, when the horn* are turned to the lef\ ; and eret Hml<lry.

crni reversed, when they are pointed towards the bMt. '*^V"^
I'he crescent is the cognisance of the Ottonian ampc*
rors. A>)en Mahomet, the great Moorith prince who
overran .Spain, carried the cretcnit reversed. All nv*T
Spain, the crescent is a common In-aring, in CM
of the achievements of particular families n^

Moors.

3d, Stars. They are represented generally with five

points. Mallet in French an<l .Scottish heraldry mean*
a figure of the same sort, of six points, and pierrrri, i^np-

posetl to be the revrl of a fpur. But the ¥.v 1

stars of five points, mullets unpicrcetl or esliu

When pierced they blazon them M>—as. Tin- n nu. if

Doughty in England. Argent ln>o bars betx , n n,: rr-

mullets of sit points pierced sable.

Comets, spneres, and rainbows are also used in her-
aldry, as, argent a rainbon, by tlie family of I..cirij in

Langucdoc in allusion to their name, L'irtt.

Of Man and his Parts in Arms.

28. The use of these charges may he supposed to Of dud,
have arisen in a great measure from the practice of *«
kings, and great men, particularly churchmen, having
on their seals representations of themselves, tlieir pa-
trons, saints, &c. Thus the arms of the see of St An-
drew's in Scotland were azure, St Andrew carrying on
his breast his proper cross {or saltier) argent.

When any part of the human body is represented as

cleanly cut off as by a sword, it is said to be couped, if

torn off", erased ; in French arrache, in Latin avuUum.
Heads are frequently represented as surrounded

with a wreath or bandage, and they are then said to bo
banded or tortille. Moors heads (always in profile) are

common in Spanish coats as trophies.

Of Animals.—Lions, S[c.

29. Lions standing upright with only one eye seen, of animala.
are called rampant; if full faced, rampant guardant ; and
if they are looking behind them, then the word regard-

ant is added to that which speaks the attitude, as pas-

sant regardant, rampant regardant. Lions, when re-

presented as feeding, are csuled rafiin ; and when in an
attitude of springing with both their hind legs toge-

ther, they are termed saliani ; as are also bears, wolves,

unicorns, and all other beasts, except griffins, which
are termed segreant instead of rampant. The tongues

and claws of all beasts are in general represented in

coat-armour as of a tincture different from that of
their bodies, and are termed langued and armed, as,

argent, a lion rampant rampant regardant gules langtied

and armed azure. Farther, it is a general rule, tha>

when any beast is tinctured azure, the tongue and
claws are gules; and vice versa, except when it is

otherwise expressed.

When .any animal proceeds from the bottom of a
chief, fess, &c. it is termed issuant ; and when it pro-
ceeds from the fess or ordinary, it is termed naissant.

A demi-lion is half a lion, so proceeding, couchant, pas-

sant, and the rest are sufficiently intelligible.

VVhen any beast in a field has a fess, bend, &c. pa?s»

ing over him, he is said to be oppressed, depressed, or^

debruised with a fess, &c. When a beast is on a field,

which is per chevron, it is said to be countercharged.

Wherefore the cheveron line must continue its cotirse'

through the beast, and the beast be painted of two co-

lours of the field ; for example, Prr cheveron argent H'

table a lion rampant countercharged. The upper part
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Heraldry, of the lion, so far as to the cheveron line, is sable, the
^"""/""^ lower part, from the cheveron line to the base, argent.

Again, if the field is paly, offour or and azure, and
over all a lion rampant countercharged, some part of

the lion must of consequence lie on each of the four

pales, and therefore the lion must be painted of the

different colour of each pale.

Lions, &c. may be borne of several pieces ; as for

example, gules a lion barry wavy of eight argent and or,

by the name of Harrowden. Gules a lion rampant
cheque or and azure, by the name of Cobham. Gules a
lion rampant barry of ten argent and azure, by the name
of Desney. Gules a lion rampant vair croroned or, the

old bearing of Marmion. They may also be carried

dismembered of head, feet, and tail. When a lion is

said to be dismembered, the parts are put a little distant

from each other, yet so as to preserve the form and
shape of the lion. If dismembered of any particular

part it should be mentioned ; as dismembered of the

head, if the head be cut off, &c.
If tongue or claws be cut off, he is said to be dis-

armed. If the parts cut off be not in the field, he is

blazoned thus, argent a lion sans tail gules, &c.
Some call a lion rampant without tongue or claws a

.
- lion morlue; and tiie lion sans tail tliey call defamed.
A lion rampant holding in his mouth a staff or batton,

is said to be haillone. One rampant, or sejant, (i. e.

sitting) with his face to the sinister, is termed Con-
tournc. If the eyes of lions are of a fiery colour, they
are called allumes, or incensed ; if tlieir tails hang be-
tween their hind legs, they are termed coward.
When a whole fore-leg of a lion or other animal is

borne in an armory, it is called ajamhe ; but if couped
or erased near the middle joint, it is termed a paxv.

As lions may be dismembered, so they may have ad-
ditions made to them ; as a lion with two or three heads,
or one head with two or three bodies. Another bear-
ing not uncommon is that of lions with two tails,

which are moreover represented under various circum-
stances, as with tKO tails erect, two tails forked and
ivrealhed, i. e. two tails twisted over one another, and
having the two ends forked ; and with two tails nou'ed
or nolted.

But as beasts of all sorts are blazoned in the same
terms as the lion, we have given, in Plate CCXCII.
representations of this animal in the principal attitudes
in which heralds place him.

Fig. 30. Statant. 31. Passant. 32. Passant.gardant.
S3. Passant-regardant. 34. Rampant. 35. Rampant-gar-
daRt. 36. Rampant-regardant. 37. Salient. 38. Se-
jant. 39. Coward. 40. Couchant. 41. Dormant.
42. Naissant. 43. Issuant. 44. Combattant. 45. Lions
endorsed. 46. Lion demi-rampant erased. Lion's head
coupe. 47. Lions jambe erased. 48. Lions tails erased.

Ofthe Tiger and Antelope.

The manner in which these two animals were an-
ciently expressed in armories, is so dissimilar from the
real figures of those well known animals, that it is not
without difficulty we can recognise them. The heraldic
tiger is drawn much in the shape of a wolf, with the
tail of a lion, and thereon, as also on the inside of his
hind legs, and on his chest, tufts of hair. On the back
of his neck is a mane composed of separate tufts, simi-
lar to those tush which are used in ornaments, and at
the point of his nose is a tusk like that of a boar bend,
ing downwards. The imaginary antelope of former
days is the same figure as this tiger in every respect.

Paltr
CCXCII.
Figs, so-

save that on his head he has two horns, whose edges are Heraldiyi

indented like a saw, and that he is hoofed like a buck. ""^
Besides those two creatures of heraldic fancy, the

blazoners of old times invented a third, which they made
of the same form, and tufted and maned exactly like

their tiger and antelope, but with this variation, that he
has two straight horns projecting from the head. This
they term an ibex.

Of Birds, Sfc.

30. Birds painted of their natural colours are termed Birds,

proper, and their claws, or talons and beaks, are called
arms ; thus argent a falcon proper armed or, implies
that he is taloned and beaked of gold. To distinguish
the falcon from the eagle, the former bird is generally
depicted with bells on his legs, and this is termed belled;

but if the thongs of the leather by which these bells

are attached, are flying oft' from the legs, then the fal-

con is said to hejessed and belled. Falcons, eagles, or
hawks drawn feeding, are termed preying. When the
wings, &c. are both behind the head, and back to back,
they are termed, expanded, ejcpansed, or adossed ; and
when the wings are on either side of the head, and the
points are erect, they are termed elevated. An eagle
with wings elevated and legs extended is termed a
displayed or spread eagle. If the eagle has two heads,

the blazon runs thus, sable an eagle with tivo heads diS'

played or.

The eagle without legs, wings, tail, &c. is blazoned
thus, gules an eagle with two heads erased in the middle of
the body, sans wings argent, by the surname of Barlow.
Parts only of eagles, &c. may be carried in coat-armour:

wings by pairs are called wings conjoined ; and if their

points be downwards, inverted or in lure, as in the arms
of Seymour. Gules two wings conjoined in lure or. All

birds, not ofprey, having their beaks and legs of a dif-

ferent colour from their body, are called membcred ; as

to claws and talons, armed.

When SMALL birds are borne in armories, they are

all represented after the same shape, of whatever tinc-

ture they be, and in our blazon are termed birds alone,

in French " alcrons.'' Martlets, though principally used

as a mark of distinction of houses, are nevertheless a
bearing by no means uncommon. The English draw
them as birds without legs. The French amputate
them still more, and give them neither beak, legs, nor
thighs.

Cocks are said to be armed, crested, andjelloped ; arm-

ed signifies the beak and spurs, crested the comb, and
jelloped the wattles or gills.

A SWAN, when he has a ducal coronet on his head,

and a chain thrown over his back, is termed a cygnet

royal. When a swan's head is borne, it is always bla-

zoned a swan's neck couped, erased, &c.

Birds on wing ai-e said to be volant.

Fish, when placed horizontally, are termed naiant

;

when placed perpendicularly, with the head in chief

and tail in base, haurient, «. e. drawing in air ; when
bent, they are said to be embowed, ( the dolphin is com-
monly represented thus. ) When two fish are placed

face to face, they are said to be respecting each other ;

if back to back, endorsed. Flowers of three leaves

are called trefoils, of four quatrefoils, &c. When tlie

human figure is borne clothed, it is termed vested or ha-

bited. Thus for a crest, on a wrealh, a dexter arm etn^

bond, vested gules, cuffed argent, holding in the hand

proper a rose of the last. This implies the sleeve of the

coat to be red turned up with white. Robes, vestments.
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«n(l habits of all sorts, crowns, sceptres, crosiers, car-

dinals hats, gloves, stockings, shoes, brogues, armour
for man and horse, all military machines and en-

gines, arms offensive and defensive, rings, jewels, and
other ornaments, coins, dice, and chess-rooks, all ar-

ticles of husbandry, all tools of trade, and in short al-

most every thing celestial or terrestrial, from the sun
in the firmament to a carpenter's nail, have been re-

presented in heraldry; and nothing more frequently

than those creatures which have no existence except

in the imagination of tiie poets and romancers : cen-

taurs, unicorns, mermaids, W3'vems, (i. e. adder-tailed

dragons,) montegres, (»'. e. monsters with the bodies of
tygers and the heads of satyrs,) are abundantly to be
met with. Nay, in the arms ofthe elder time, and more
particularly in those of churchmen, we daily encoun-
ter such combinations of cherubim, seraphim, and an-
gels, {nffiontes, volants, and with wings displui/ed, ) as to

say the least of them, appear not a little indecorous.

Astonishing, they certainly cannot be esteemed, if we
take into our consideration that they are the works of
the same men, who thought that the art of heraldry
itself was one of the important secrets transmitted at

once viva voce to Adam from his Maker, as being of
two great depth and dignity ever to have been discover-

ed by the mere unassisted intellect of man.

OfMarks of Cadency.

31. The several figures or marks of cadency, which
have of later times been usetl for the differencing and
distinction of houses, in order that their degrees of de-
scent may be known, are for the first an Ala a el ; for

the second a Crescent ; for the third a Mullet ; for

the fourth a Martlet ;* the fifth an Annulet ; the
sixth a fleur-de-lis; the seventh a rose; the eighth

a CROSS moline; and for the ninth a double quatre-
FoiL. See Plate CCXCII.
These marks are said to have been invented by modem

heralds, in order that coat-armour might descend to pos-

terity with safety. Certain it is, however, that they
are far from answering some at least ofthe purposes for

which they were intended ; for these marks, when
painted on a shield of arms, are so small, complicated,

and confused, that they are scarcely distinguisliable.

The ancient heralds adopted a better method. They
made choice of more conspicuous brizures, and pitched

on the border the bend, iuid armorial additions, as also

changes of the tinctures, and of the position of the

charges, as being more intelligible tokens of difference.

Thus an old family of Salop, the Corbettes, bore or a
raven sable, the second bnuich took two ravens, the third

tJtree, the fourth four, and a still younger branch bore

their ravens within a border. It was the most usual

method to have these borders of difference composed of

the arms of the first marriage that had established the

particular branch of the family which first assumed
such border. The Manwarings of Salop bore argent

two bars gules. The younger branches went on increa-

sing the number of bars, till one took ten bars. The
Warrens originally bore cheque or and azure. But the

younger branch took cheque or and azure on a canton
gules a Lion rampant argent, being the arms of the

mother a Mowbray. Others took a part of the mater-
nal coat, and added to their father's coat, to shew that

it was a younger branch descended on the mother's

side from such a particular family. At present the HnMrf.
above mentioned marks of distinction, labrl, muUet, """V"™^
&c. are so combined with each other as to difference al-

most ad infinitum. The daughter of a house bear* her
father's mark of cadency, but nut any to shew that the
is his first, second, or third daughter.

Of Additions of Honour.

32. Certain ordinaries have been, from what cmim
it is difficult to say, selected as more proper than otiiera

for bearing and exhibiting hcraldie additions of honour,
and augmentations of arms. These are nine in num-
ber, viz. the border, the quarter, the canton, the guron,
the pile, theJlas(pie, theJlanche, the voider, and th< es-

cutcheon of pretence. These have all at various time*
been in vogue. In the days of King Henry V'lII. the
pile had the preference, and was by Iiim granted to the
Lady .Jane Seymour, and to the Lady Catliarine Parr.

But of late years, Uie quarter and canton are moct in

Abatements of Honour.

33. By abatements of honour, we are to iniderstand AtNOtninu
" Such figures as heraldic authors affirm were, by judg- of honour,

ments of the court military, to be added or annexed to

coat armour, in order to denote some ungentlemanlike,
dishonourable, or disloyal act, demeanour, quality stain,

or vice in the bearer, and whereby the dignity of the said

coat armour is greatly abased." These abatements ofho-
nour are in hke manner nine in number, viz.

1st, A def {or turf) tennc, for him who revokes or
recedes from a challenge.

2d, An escutcheon reversed sanguine occupying lie

middle point of the escutcheon of arms, for him who de-

flowers a maid or widow, or flies from tlie banner of
his prince.

3d, A point dexter parted tenni, for a braggadochio, or
vain-glorious boaster of acts unperformed.

4th, A point in point sanguine, for a person guilty oS.

cowardice.

5th, A point chantpaine tennd, for him who kills his

prisoner afler quarter demanded.
6th, A plain point sanguine, for him who lieth to hia

prince or general.

7th, A gore sinister tenn^, for him who behaveth base'

ly towards his enemy.
8th, A gusset sanguine, on the dexter side for an

adulterer, on the sinister for a drunkard.

9th, The whole coat turned upside don>n, or reversed, foe

a traitor.

N. B. These figures are always given in the English

systems, but are ridiculed by the Scotch writers, and by

the Jesuit Menestrier termed " English fancies.' The
truth is, no instance is furnishetl in any of the books of

such figures being actually borne for the purposes al-

leged. Certain it is, that many of these figures are fre-

quently used as marks of honour.

Of Marshalling Coat- Armour.

3k " Arras," according to Nisbet, " are said to be Qf ManiiU-

marshalled, when ensigns of honour and doniiiiion, or Ung.

the entire arms of otlier families, are joined with the

paternal arms of the bearer by partition lines, making

• This bird, represented in heraldry a; awriiuf or she pfdlkus, " is given," «»ith Bekcnhawth, " ftir • difletraec* jroongw bmhitn ••

put them in mind to trust to tlieir wings of vertue and uierii to raise iliemselvcs, and not to their legs, kavtng UOU land loftl lillrjmt

on."on.
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Heraldry, distinct areas or compartments in one shield." Edmon-

^>--V"—' stone defines marshallinfr of arms " an orderly dispos-

ing of sundry coats belonging to distinct families in

their proper places within one shield, by impaling and

quartering." Marshalling is moreover extended to the

disposition of the appurtenances of such arms without

the escutcheon.

Women, unless they are sovereign queens or prin-

cesses, by the rules of heraldry, bear their paternal

arms in a lozenge or shield ; and therefore, when they

marry, it has been the custom to impale their arms with

those of their husbands, in order to shew that alliance ;

which is called " arms en baron ctjemme."
Impaling has been practised in three different man-

PLiTi ners. First, by dimidiation, (Plate CCXCIII. Fig. 1.)

ccxciii. that is, by halving or cutting the shields of both husband
''S- !• and wife into two equal parts, and joining the dexter

half of the husband's to the sinister half of the wife's,

so as to form one shield. In this mode (called in their

tongue accolec) the French kings used to impale the

arms of Navarre. The second mode is dimidiating the

husband's arms, and impaling them with the full coat

Figs. 2, 3. of his wife, (Fig. 2.) The third mode (Fig. 3.) and
that now in use in England, is that of impaling the two
full coats, except when one of them hath a border

;

for this can never be carried all round an impaled shield,

but must stop at both ends where the two shields meet.
Fig. 4. (Fig. 4.)

Dimidiation of arms was much used long before en-

tire impalements were in use. Margaret, sister to

Philip IV. of France, and second wife to Edward I.

of England, had on her seal, in the year 1 '299, the arms
of England so dimidiated with those of France, and
she was the first queen of England who had her arms
so marshalled. The same method prevailed in France
up to the time of the Revolution. But the reasons

which have induced the English heralds to lay it aside

are certainly very powerful ; for were it practised as of
old, no end could be put to the jumble and confusion

which it must infallibly create. For example, dimich-
ate the arms of Clare, viz. or three clieverons gules, and
impale them on the woman's side with any coat, and
you will have or three bends gides. Again dimidiate
the coat of Waldegrave, viz. per pale argent and gules
for the man, and it will be only a white field ; but do
the same for the sister, and then it becomes a redjield.

Besides this impaling by way of baron and femnie,
the husband in Scotland frequently quarters his wife's

coat with his own, on account of her being an heiress,

i. e. he divides a shield into four equal parts by coupe
and party. In the first and fourth areas are the hus-
band's arms ; in the second and third those of the lady :

Fig- *• (See Fig. 5.) But in England the husband of an heiress
more commonly places his wife's arms on an inescut-
cheon in the centre of his coat, and this is termed an

'W *• escutcheon qfpreletice. See Fig. 6.

The other methods of accumulating many coats in one
shield, which have been of common use in other Euro-
pean countries, have never much prevailed in Scotland.
Of these the principal are, First, that by Iranchie and
taille-lines ; thus a coat parted per saltier, is divided into
four conal quarters or areas, &c. called in French tranchee
taillee, as in the well-known arms of Sicily. Quarterly
per saUier,Jirst aud fourth, or four pallets gules for Arra-
gon ; second and third argent an eagle displayed sable.

Fig. 7. beaked and viemieredgules, for Suabia. (Fig. 7.) Secono-
Fig. 9. LY, (as in Fig. 8. ) by surmounting coats already quarter-

ed with inescutcheons, by the French termed surletovt.

i

When this inescutcheon is parted, couped, or quartered Heraldry,

with diverse coats of arms, the French call the upper- "'"'V"*^
most le-lrjvt-du-tout. This mode was practised in the
atchievement of the Princes of Orange, of the family of
Nassau, before their late elevation to the kingly rank

;

,

thus, quarterly, \st., azure, sem6e of billets, a lion rani' '

part or, for Nassau. 2d, Or a lion rampant guardant
\

gules crorvned, langued, and armed azure, for the coun-
i

try of Catzellenbogen. 3d, Gules afess argent, for the
house of Vianden. 4th, Gules two leopards or langued
and armed azure, for the country of Dietz. Over all

an inescutcheon by way o( surtottt, quarterly. 1st and
4th, Gules a bend or, for Shallon. 2d and 3d, Or a
hunting horn azure virole and stringed gules, for the
principality of Orange: which inescutcheon is again
surmounted by another by way of le-tout-du-tout, viz.

cheque or and azure of nine points as a coat of pretence
for the city of Geneva.

Moreover, in foreign heraldry, the quarters are often
divided by the pale or the fess, which ordinaries are
then again charged with escutcheons. And the ordi-
nary of the cross is often used in this very way by our-
selves, as in the arms of the St Clairs, Earls of Caith-
ness, who bear quarterly, 1st, azure, a ship at anchor,
&c. for the earldom of Orkney. 2d and 3d, Or a lion

rampant gules, for the name of Sparr. 4th, azure a ship
wider sail, for the title of Caithness; and, over all divid-
ing the coats a cross engrailed sable, for Sinclair.

'

The third way (Fig 9.) is by tiercing and engrafling, Piate
(by the French called Enlec), an instance of which is CGXCIIUI
to be seen in the arms of the King of Great Britain, P'S- 3-

whose paternal escutcheon is, 1st, The arms of Bruns-
wick, gules ttvo lions passent guardant or, impaled with
those of Lunenburg or senile of hearts. Gules a lion

rampant azure armed and langued as the hearts, and
grafted by may of entee between the impaling in point;

^ j

the arms of Lower Saxony gules a horse current argent; '
'

or, more shortly, Brunswick and Luncnburgh impaled <

with ancient Saxony entee en pointe.
'

The fourth and last method proposed for marshalling
of arms, is by dividing the shield into a plurality of
areas or quarters by many partee and coupee lines,

which when drawn appear like the areas of a chequer,
divided by perpendicular and horizontal lines. ( Fig.

10.) By this method any number of coats may be Fig. JO,

brought in ; but it seems to be agreed by the best an-

thors, that the number of marshalled arms in one shield
1

should not exceed six or eight quarters at most, and
these always charged on the warrantable grounds and i

reasons of the bearer having many territories or feus,

or matching with heiresses, or as arms of alliance or i

pretension. The Germans, it is true, are in use to ac-
j

i

cumulate twenty or thirty coats in one shield ; but this j

is always on account of their many territories or feus, '
!

to shew how many votes they have in the circles of
the empire. The French also have many quarterings,

though not so many as the Germans, their feus being
neither so many nor so free, and the whole succession

of these dignities belonging always to the eldest son

.

whereas in Germany the younger brothers share with
the eldest in the dignity and titles of honour of the

family. In Scotland, the prejudices of the heralds seem
always to have run very strong against many quarter-

ings, in so much that few have followed the example
set them by Queen Mary of Lorraine, whose rich and
loaded escutcheon is still to be seen in many parts of

the kingdom, impaled with the simple bearing of her

husband James V. ; almost the only instances of the
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sort being found in the .irms of those Englishmen who
were honoure<l with Scots titles after King James VI.
succeeded to the crown of the sister kingdom.
The several ways whereby the quarterings to which

a family may be collecte<l and marshallej in one at<

chievement after the English raethotl, are explained in

the annexed scheme, to which the reader is referre<l.

No. I. Supposes the heir of the Willouohdys to have
married the heiress of Latimeh, Nevil, and BeAU«
CHAMP, which three coats the heir of Willoughby has an
undoubted right to quarter with his own paternal coat.

No. II. Shews how Willoughby, in consequence of

this marriage, may inherit the blood, and become enti-

tled to quarter the anns of no less than fifty-six fami-

lies: thus, as WiLLoutiHBY by this marriage hath a
right to quarter Latimer, so Latimer hail before a
right to quarter Blyke, who quartered Brocton and FU

h/lnde ; ^W%, who quartered Funei and Thifnne; Dar.
rel and Cheney, who quartcrc<l lioyle and IVilmol. Se>

'

condly, Twcnok, who quartered liefure Hutmer, who
quartered Mallet and Belce ; and Bruu, who qiurt«rtd
Fitchet and Dean.
The like as to Nevil and Deauciiamp, and the quar<

terings by them brought in.

No. III. .Supposes T110MA8 PvB to be the ton and
heir of Tliomas Pye, and Elizabeth hiii wife, hiiiwi of
John Abbot, whereby he becomes entitled to quarter
the arms of sixteen nouses ; eight by the father's side,

and as many by the mother's.

No. IV. is formed upon a plan more extensive than
eitlier of the former, and shews how a perion may in

five descents be heir to thirteen families ; 10 that we
can no longer wonder at seeing two hundred coats

borne in one achievement.

H«MUiy.

Schemes sheteing hoto Quarterings may be CollccUd and Marshalled,

{Latimer.

Nevil.

Beauchamp.

Moot'*

C Latimer <;

No. II. WILLOUGHBY J jjj.^,

. Bealciiamp

Ledet

^ Thevenge

Clavering

Blyke .

Astlejr .

, Cheney

Buhner

Bruss .

f Tilliot .

{

1 Creke

Middlehara Burley .

r Morville

t Lovetot
. Maldred

AiHet

1

' Maudit

.

{Engaine .

Pembridgfe

f
Gattacre .

I

Gresham .

'
Mallet . .

^ Strode . .

f Brocton.

I Filylode.

{Fynes.
Thynne.

f Boyle.

I Wihnot.

fMaHet
•[Beke.

{Fitchet.

Dean.

fLiff.

I Fitz James.

{Grenville.

Trivers.

. Sliirland.

. Staffortl.

. Wilby.

{Orreby.
Uosceline.

f Abbot.

I
Howard.

jTillesworth.

j^Gypherwaat.

. Pointes.

{Arden.
.\cton.

r Audley.

. y Ferrabjr.

(_HansanI.
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No. III. PYE'S PEDIGREE.
IlersldifH

,iohn NevilzrrAHce, daugh-

Iter and heir-

ess ofMaudit
Mai-y, D.==Thomas Moore
and heir-

Joan, D.=^ohnScrope
and heir-

ess I

Elizabeth, =:Thomas
D. and heir- I Morley
ess I

Anne,D. =rJames Gold-
antj heir- I ing

ess I

Harriet, D. ==John Croft

and heiress I

Margaret D. =j; Thomas
and heiress I Pye

. . Thomas Pye, n

only son and
heir

Abr. Cranfield=Joan,heir-

I

ess of Pool
Th. Tomkinr=Harriet, D.

I and heiress.

Joseph Caldwell=:Margaret, D.
I and heiress

B. Thornton==Amy, D. and
I heiress

T. BeauchamprzzAnne, D. and
I heiress

John Finchnr^Elizabeth, D.
I and heiress

John Abbott=:::Mary, D. and
' heiress

Elizabeth,

sole daugh-
terandheir-

ess

Thomas Pye,
only son and
heir.

No. IV. WARREN'S PEDIGREE.

Jehn Catline-
Maiid, heiress

- of StQrey
T , r-i Anne, heiress
John Gray-

„f si^p^r.

John Anne,
Warren-pheiress

John __ Alice,

Wairen-pheiress.

Thomas Jane,

Warren,-pheiress.

ojily son

Thomas > . ' ,. Thomas Alice

Owen -pn Pulford-pEtton.
Roper.

Thomas Joan
Gray

mi Joan,
1 nomas . • „
r^ -a-^i —heiress or
Orilntn~prp,

Ihomson.

•Ely.

Thomas Maud, heiress

Green -p of Pylewell.

Thomas Anne, Thomas Joan, heiress

Pulford-rheiress. Green-p of Newton.

Tho. Pulford,.

only son "

;Jane, heiress.

iWa
o"Sy"on and'heir=^^''=^'

daughter and sole heiress..

John Warren,, only son and heir.

11)1; geaca- The most approved method of marshalling arras in
logical pen- g^ achievement of this species is the following : " Be-
'""^ gin with the arms of the first heiress who married into

the family, and next to them place the several coats

which she brought in ; then proceed to the second
heiress, and those which she brought in ; and so on to
the rest without any regard to the rank or station of
ally of these heiresses before their mari'iage." Never-

theless, when the royal arms are brought in by any

match, it is usual to give that match the second quar-

ter, next to the bearer's paternal coat. Nay, some place

it in the first, and the paternal coat in the second

quarter. The achievement composed in this way is

most properly termed by Edraonstone, " The genealo-

gical pennon."

The gcnea-

1

logical pen-
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Origin of 35. In the first jjiirt of this article, wherein we have
the external attempted to trat'c the oriffin of armorial bearings to
wnwumts.

j|,g tournaments of the middle ages, a passage is quot-
ed from the treatise of King Uene of Anjou, in which
the knights who propose to tilt at any toimiament, are
required to make display of their coats of amis some
days before the lists are opened, with their helmets,
crests, and other marks of tiieir condition or dignity.
In the MS. treatise of John Caxton, preserved in the
Advocates Library of Edinburgh, it is said, that " no
man shall wear his cognisaunce on a close l>asnet, except
lie has carrieil arms witln'n the lists and biuriers of mi-
litary exercises." From these passages, and many
others of a like nature in the ol<l authors, it seems rea-
sonable to conclude, that afler the bearing of shields

had begun to be common in Iiurope, the great nobility
and gentry, entitled by their descent to partake in the
courtly tournaments of the times, were willing to adopt
some method of distinguishing themselves from the
herd of those who bore coat-armour, and for this pur-
pose introduced the practice of adorning their shields

on seals, &c. with a representation of those helmets,
crests, and other articles of apparel, which they were
themselves accustomed to wear upon those solemn oc-
casions, anil to which tliose of humbler birth could, it

was believed, make no pretension. In process of time
the example of these military nobles was imitated by
others, who thought themselves entitled to equal re-

spect, although for different causes. Civil rulers adorn-
ed their shields with coronets, consular capes, batons,

and such like signs of dignity ; and the churchmen wei-e

not slow to make the same parade of the symbols of
their office. The Papal tiara, the cardinal's hat, the
patriarch's cross, the mitre, the crosier, and the keys of
St Peter, were associated in strange union with the fa-

mily emblems of worldly honour and advantage, such
as a free feu, a feat of chivalry, or a wealthy marriage.

Oflhe Helmet.

36. This ornament in heraldic representations has
many varieties of matter, form, ard situation.

In Germany, by an imperial edict, helmets of gold
l)elong to sovereign princes, of silver to the high nobi-

lity, and of steel to gentlemen.

The French heralds have settled every thing respect-

ing helmets according to these rules.

Tlie helmets of emperors and kings are all of gold
damasked fronting, (Jarre <lefront,) open without bars

or vizor.

Dukes, marquisses, and counts, have silver helmets,

damasked with gold, fronting with nine bars, grille el

mise defront.

Viscounts, barons, and knights, have silver helmets,

with gold edges in profile, with seven bars.

Esquires have helmets in profile, with five bars in

the guard vizor.

Gentlemen of three descents, a helmet in profile,

with three bars.

The English and Scots have their helmets somewhat
different.

A gentleman, or esquire, has his in profile close.

A knight has a full-faced steel helmet open.
Earls, viscounts, and barons, have profile steel hel-

mets, with gold bars, &c.

Dukes and marquisse* have the fulUiiiccd iKlmet of H«ildr;<

steel, with five Iwirn of gold. "^V""'
Tlie king, and princes of the blood-royal, have the

full-faced helmet, with six bars, all of gold damasked.

Of the OmamerUi of the Helmet.

37. The MANTi.iNO, i < \s, helm-decken, or
VOLET, is probably a n; on of the hoo<l or ci»-

vering, intended for protccling llie helmet ni rain, ftc.

and its ragged form derive*! from the cuts which that p^te
integument must have sustained in battle. (See Plate CCXCIIL
CCXCIII. Fig. 11.) These ornaments are called /lOcAe- i'ifr !>•

ments, from the Italian azzhnare, {caput ornare,) at in-

gemmare. In the paloit of Picardy, achcmer tine epam-
see, is still used for to arrange the hride'n head are**.

The iMmbreqiiin seems, in old times, to have been or-

namented with the bearings of the wearer, for King
Uene speaks of it as " aniioyc des armes de celui qui Ic

portcra;" even at present it is generally ofthe tinclureof

thefield, in foreign henddry. Dehind tiie shield itself

h.ings the manteau, mantle, or cloak, in Latin chlainy*.

In this country the mantles of gentlemen and knights
are red without and white within. Those of the nobles

red, doubled up with rows of ermine, according to their

degrees. The king's mantle is of gold, lined with
ermine.

Of the Wreath, ^-c.

38. Menestrier, speaking of this ornament, says, " that

some hundred years ago the French nobility used gar-
lands of twisted silk, with which they kept fast on
their heads their hoods or capes, as may be seen in the
pictures of the old Dukes of Burgundy," &c. These
wreaths were commonly of the colours of the ladif • of
the bearer. The wreath is now always of tlie colour of
the shield. See Plate CCXCIII. Fig. 12.

Ofthe Crest or Cimier. (See Fig. 13.) Fig. II.

39- This ornament of the helmet seems to have been pig. is

very early in use among the Greeks or Romans. Af-
ter its introduction among the motlems, the use of it

was long restricted to sovereign princes and military

commanders. But in imitation of King Edward III.

(the first English prince who wore a crest,) the knights

of the garter, and afterwards, by degrees, all the bear-

ers of co;it armour adopted crests. The crest is first

seen on a seal of Phihp E-u-l of Flanders in the year

1101.

t

Though crests are hereditary, yet a greater latitude

is allowed respecting them than any of the essential

parts of armoury. They are looked upon somewhat in

the nature of devices, and accoitlingly are varied by the

caprice of individuals, so that the sons of the same fa-

mily often wear different crests.

Of the Motto, Cry of War, and Device.

40. IheMolto isa short sentenceplaced ina scroll above

the crest, very often allusive to it, or to some part of

the bearings. If it alludes to the crest, the two toge-

ther form what is called a complete device ; as in the

case of Stewart, Earl of Galloway ; the crest a pelican

vulncredfeeding her young ; the motto " virescil vutnere

virttu." Kirkpatrick of Closebum has for crest a band

.47.* Hrre take thy lover's token on thy pate. SPEMsea, Fairy Qii«». I. 6.

t Hsd Mr Cuiniibell been acquainted with Heraldry, he would never have written

O'Connor'a CuilD.
But he, her lovcd-one, bore in riKio

,i meaner cretl upon kis sniEiD.
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Heraldry, grasping a dagger,-'motto, " I'll make sicker," alluding
"^•""/""^ to the remarkable feat of his ancestor, wlio slew tlie Red

Cummin in the days of Bruce and Baliol. Often they

have no such relation, and merely express some piedo-

minant passion of piety, love, or war, of the first who
assumed them.

Camden tells us that the earliest instances of mottos

painted on shields, which he had met with in this

island, were those of William de Ferrariis, Earl of Der-

by, wlio carried round his escutcheon, voir xvit/i a bor-

rliire of horse shoes, " Lege, Lege ;" and Sir Thomas
Cavill, who bore for arms a horse, under which was

written " Tiiom^ credite cum cernitis equum ejus :"

these are both of the age of Henry IIL The more

abundant use of mottos was, without question, owing

to King Edward III. who havingfounded the orderof

the garter, and given it the motto " Honi soil qui mal

y pense ;" each of the original knights of that order

"took to himself a motto of his own choice, and put it

under his arras. From that period the fashion grew
more and more in vogue, as may be seen from the ac-

counts which we have of the standards and pennons of

the noblemen and gentlemen, both of England and

Scotland, particularly during their French wars.

N. B. Women wear neither crests nor mottos.

The cr^ o/" war was the battle-shout of the house;

and was also worn in a scroll, as the " Mountjoye St

Denys" still is over the pavilion of the French king.

Many families have, in consequence of the change of

manners, retained these cries of war as mottos. Of
old tliey consisted very often of the name of the noble,

as " A Home ! A Home !" " A Douglas ! A Douglas !'

&c.

Of Devices.

Personal 41. The Device Proper is a badge or emblem inde-
deviccs. pendent of any part of the family bearing ; the legiti-

mate descendant of the emblems of the ancients. The
device is always assumed by the bearer personally, and
either may or may not be the same, or that of his ances-

tor, as he pleases. The roses, red and white, were the

devices of York and Lancaster. The portcullis was a

device belonging to the Beauforts (descended from John
of Gaunt, fourth son of Edward III.) and carried as

such by the Jameses of Scotland. The said John of

Gaunt, when he pretended a right to the crown in the

reign of Riv^'iard II. adopted for his device " an eagle

standing on a padlock assaying to force open the same;"

This was a strictly personal device. From these devices

of the kings, some of the English pursuivants derived
their names, as Portcullis, Falcon, &c.

Qi' Supporters.

Opinions ^^- These likewise are exterior ornaments, being
concerning placed on the sides of the atchievement as matters of
the origin of embellishment, and formally to timbre or support it.
s\ipportcrs. Menestrier assures us that they had their origin from

tilts, tournaments, and justings. " On these occa-
sions," says he, " it was usual for the knights to have
those shields of their arms, (which we have already
seen they were obliged publicly to display some days
before the opening of the lists), guarded by their pages,
armour-bearers, or other attendants, clothed in fancy
dresses, sometimes making them appear as savages.
Moors, Saracens, lions, c. The business of these sup-
porters of Ihe shield was to take notice who, by touch-
ing the shield, accepted the challenge of their master."

Opinions

concerning

the origin of

supporters.

LDRY.
This custom was revived with perhaps greater magni- Heraldry.

ficence than was ever before known, at a tournament
in Paris before Loviis XIV. in which the esquires who
attended the nobles entering the lists, were drest in the

most superb manner that art could invent representing

Moors, Persians, Armenians, Turks, &c. &c. From
these attendants thus disguised many heraldic writers

bring the use of supporters, which, say they, every one
who (being noble or gentle by father and mother's side)

was admitted to tourney, had ever after a right to

carry.

This doctrine is, however, strongly combated by
many able writers, and particularly by the celebrated

Jolin Anstis, in his curious manuscript treatise entitled

Aspilogia, (now in the Astle collection,) who has these

observations.
" In these later ages, the nobility have been distin«

guished from persons of inferior rank, by having sup.

porters and coronets cut on their seals ; but, as far as I

am able to observe, there was not anciently any parti-

cular mark in the seals of the nobility that differenced

them from the knights. As to supporters, they were,
I take it, the inventljn of the graver, who, in cutting

on seals shields ofarms which were in a triangular form,

and placed on a circle, finding a vacant space at each
side, and also at the top, thought it an ornament to fill

up these spaces with vine-branches, garbs, trees, flowers,

plants, ears of corn, feathers, fret-work, lions, wiverns,

or some other animal, according to his fancy.

If supporters had been esteemed formerly, as at this

time, the marks and ensigns of nobility, there could be
no doubt but there would have been then, as now, par-

ticular supporters appropriated to each nobleman, ex-

clusive of all others ; whereas, in the seals of noble-

men affixed to a paper addressed to the Pope, A. D.

1300, the shields of arms of twenty-seven of them are

in the same manner supported (if that term may be

used) on each side by a wivern, and seven of the others

by lions. John de Hastings hath the same wivern on
each side of his shield of arms, and also on the space

over it, in the same manner as is the lion in the seals

of Hache, Beauchamp, and De Malolacu. The seals of

Despencer, Basset, and Badlesmere, pendent to the

same isstrument, have each two wiverns or dragons for

supporters ; and that of Gilbert de Clare three lions

placed in the manner above mentioned. The promis-

cuous use of wiverns to fill up the blanks in seals, is

obvious to all who are concerned in these matters.

But what is a stronger argument is, that the same
sort of supporters are placed in the seals of divers per-

sons never advanced to the peerage. Instances of this

kind are often met with ; nay, the engraver hath fre-

quently indulged his fancy so far, as to insert such fi-

gures as do not seem proper, according to our present

notions of supporters of arms ; as tuio stvords on each

side the arms of Sir John de Harcla ; and St George

Jighting rvith the dragon on one side, the Virgin with our

S..vioicr in her arms on the other side of a seal affixed

to a deed of the Lord Ferrers, whose arms on the im-

press of a seal pendent to a deed of the 17th May,
9 Henry VI. have not any supporters.

When supporters were assumed, if there were two
on one seal, they were generally the same ; but some-

times there was only one, and at other times tliree, as

may be seen on various seals."

" After having considered the observations of Mr
Anstis," says Edmonstone, " I am persuaded tliat not

a doubt can remain of supporters having originated

from the fancy qf seal engravers. However this may
3
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Supporters

of old very

often chan-

ged.

fireat abu-

ses respect-

ing the use

of support-

ers in Scot-

land.

be, it is certain, that in England supporters were of
old worn l)y many persons of the commons. All those,
particularly, who bore offices of (lipnity in the state,

as the lord deputy of Ireland, the lord of the marches
of Wales, the warden of the stannaries, &c. and even
by families alto<jethcr in private life ; as the Stcvenings
of Sussex, the Stawells of Somerset, the \^'allops of
Hants, Savage of Cheshire, &c. ; and certainly the sup-
porters still worn by the descendants of some of these
families, rest on a much more honourable foundation
than any modern grant of supporters that can be ob-
tained from a college of arms.''

It is worthy of remark, that supporters were former-
ly changed very frequently according to the choice of
individuals, and by no means considered as fixed and
unalterable marks of descent like the proper armorial
bearings. From King Edward III. till James I. few of
the English kings wore the same supporters as their

predecessors. The Hon, the falcon, the hart, the an-
telope, the swan, the leopard, the bull, the boar, the
greyhound, the dragon, and the e.igle, were all suc-
cessively used by the monarchs of England ; and one
of them (Edward IV.) altered his no less than three
times. Edward VI. was the first who bore the lion

crowned with the imperial crown. This was retained
by Mary and Elizabeth ; and James also used it as his

dexter supporter, placing the Scottish unicorn * on the
left side ; on which arrangement, no alteration has been
made by any of his successors.

Henry VIII. was the first king of England who for-

mally granted supporters to the peers of the realm. He
gave the like ornaments to the knights of the garter
and of the bath. The kings of arms in England are

authorised to grant supporters to all persons not under
the degree of a knight of the bath ; and whoever of an
inferior rank bears supporters in that kingdom, does so

by an express grant from the crown.
In Scotland, the right to bear supporters is common-

ly supposed to rest on somewhat a different footing.

Some of the baronets of Nova Scotia have taken up the
notion, that they are, by the terms of their patents,

entitled to add supporters to their paternal coats, and
they accordingly wear them in their armorial ensigns.

But an impartial consideration of the clause in the pa-

tents will convince them of their mistake, more parti-

cularly as it is not pretended, that there ever was any
other royal grant or warrant issued, whereon they can
found a claim to any such privilege. In the patents

previous to the year 1629, it is ordained, " that the

baronets and their heirs-male shall, as an addition of
honour to their armories, bear, either on a canton or

inescntcheon, at their option, the ensign of Nova Sco-
tia, being Argent, a cross of St Andrew azure charged,

with an inescntcheon of the royal arms of Scotland, sup-

ported on the dexter by the royal unicorn, and on the si-

7iister by a salvage or ivild man proper," &c. ; all evi-

dently referring to what is within the canton or in-

escutcheon, and not to any exterior ornaments of the

baronet's own shield, of which the said canton or in-

escntcheon is henceforth to form a part. As for the

patents posterior to the year 1 629, the whole of the

clause just quoted is omitted, and the patentee is not

allowed to carry a canton or inescutcheon of honourable
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augmentation to his coat ; but, in lieu thcrrof, " aroumi
his neck an oranpre lanny tilk ribbon, whereon thalt be
pendent in a scutcheon argent, a saltirr nziirr, Ihrrrin nu
inescutcheon of the arms of Scotland," ftc. 'I'hi* al-
teration, in nil probability, took place on account of the
manifest impropriety of bhizoning!iiipporter<,mottOT,&c.
on a canton or inescutcheon ; an objection whirli could
never have occurred, had the construction wliich ha*
been put on the clause of gift licen the proper one.

During the reign of Charles II. a letter was addrew-
ecl to the Lyon-oflice, strictly prohibiting any granti of
supporters to persons under the degree of nobility.

But many of the old barons of Scotland, (and particu-
larly the chiefs nf names,) who had always been in use
to sit in parliament in their own right, and who with
justice considered themselves as inferior in degree in-
deed, but as members of the same order with the ti-

tled Lords of Parliament, protested with great zeal
against being obliged to discontinue the use of those
supporters which had been borne by their ancestors
for several centuries, and originally retained either aa
the marks of their patriarchal superiority over their
clans-men, or in consequence of some feat of skill or
valour in tournament or in battle. The matter was
not pressed, and these families have continued their

supporters ever since without any objection being
made. Of later years, however, a much more ques-
tionable extension has been given to the use of sup-
porters. From whatever cause the laxity may hare
arisen, the fact is certain that we have seen supporters
assumed by persons who, so far from having any claim
to being descended from the old barons who had power
of pit and gallows, and were in reality the nobles of
Scotland, as much as either dukes, marquisses, or earls,

are sprung from the very dregs of the people, and are
in truth the very men to guard against whose pre-
sumption and insolence was one of the first great ob-
jects for wliich a college of heralds was instituted in
this country. The utmost latitude which can be given
to the interpretation of the law on this head, either as
it is expressed in the King's own words, or as it has
been modified by the practice of the heralds, is that

those of the lesser barons, who can shew proofs, by old
seals or otherwise, of their ancestors having borne sup-
porters previous to the passing of the act lOtli Septem-
ber 1672^ are exceptedfrom the general rtde, antl per-

mitted to carry supporters. The letter above referred to

was quoted by the Lord Lyon himself, as his authority

for refusing supporters to persons of rank very diffe-

rent from most of those who have of late procured

these ornaments by the good offices of his successors.

At lihUos Regina Pkcunia donat,

£t genus, ct prtMVos, sordes^uc parentis konettat.

SlICTlKCS.

No women have a right to bear supporters, except

those who are peeresses by descent or by patent. If

they are peeresses by patent, they have in consequence
a grant of supporters to themselves and their heirs-

male ,- if by descent, they retain the ancient supporters

of the barony, to which they have an indisputable right,

in as much as they represent peers whose insignia and
titles are all through them to descend to their pos-

terity.

• The unicorn was originally, with great propriety, assumed by the Scottish kings, in allusion to the words of Scripture, Job xxxix.

—

« Canst tliou bind the unicorn with his band ? Will he be willing »o serve or abide by thy crib ?"

f Vide Founlainliall's DecUiom, M>. (in the Adrocates' Library) p. 217. This iniporunt doctunent was pointed out by John BiddcH,

Esq. advocate, a gentkmaa whose attainmeuts in every part of the antiquarian learning of his country arc above ill praiN^
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IleraUry.

Various

uses of

crowns in

blazons.

Of Crowns and Diadems.

British co-

ronets.

Plate
CCXCIV.
Fig. 1.

Fig. ?.

Fig. 3.

Fig. 4.

43. Crowns or coronets may be used in armorial

bearings in four different ways.

Ist-i As essential or internal parts of arms, that is,

when they are the chief figures of the escutclieon, as

the three crowns in the shield of Sweden. Many fa-

milies throughout all tlic European kingdoms bear

similar arms ; and crowns so worn are no marks of sove-

reignty or dignity of whatever form they may be.

2dtjj, Wlien they are used as additional charges, or

ornaments within the shield, they are in like manner
no marks of sovereignty or dignity.

3dh/, When crowns arc placed upon helmets, which
timbre coats of arms, they are then marks of dignity,

being commonly so placed by sovereign princes. Yet
many gentlemen who have no pretensions to such

rank bear crowns on this way in their helmets ; a cus-

tom which, according to Menestrier, is derived from
the tournaments, " especially those solemnized in Ger-
many, where kniglits were allowed to adorn their hel-

mets in that manner, in memory of tlieir having been
exercised in such disports." And though indeed there

are many helmets placed over the German coats, ac-

cording to the number of feus, whereby the bearers

voted in the circles of the empire ; yet we see but few
of tliem adorned with crowns, wliich, according to our
author, can only be explained by supposing that some
of these feus are not privileged to carry a crown, the

ancient possessors of them not having been present at

the tournaments.

ithli/, Crowns placed immediately above the top of
the escutcheon, are ensigns of sovei-eignty or nobility,

whereof the degrees are set forth by their shapes. The
arched crowns topped witli monds were first introduced
by the Emperors, and from that circumstance are

called imperial crowns, although now worn by all the
kings in Europe, since Charles the Eighth of France
assumed an imperial crown, in token probably of his

pretensions to the empire of the East.
" The imperial crown of England is composed of

four crosses pattee, and as many fleur-de-lys of gold
placed on a rim or circlet of gold, embellished with
precious stones. From these crosses arise four circular
bars, ribs, or arches, which meet at the top in form of
a cross ; at the point of intersection whereof is a pe-
destal, whereon is a mound. On the top of the mound
is a cross of gold, all embellished likewise with precious
stones, and three very large oval pearls ; one of them
being fixed in the top, and two pendent at the trans-
verse beams of the cross. The cap within this crown
is of purple velvet, lined with white taffeta, turned up
with ermine. See Plate CCXCIV. Fig. 1.

The crown or coronet of the Prince of Wales resem-
bles the king's crown, save only that it hath not four
arches, but two oidy. See Fig. 2.

The younger sons of the king bear coronets, com-
posed of crosses pattee and fleur-de-lys.
A duke (not of the blood-royal) lias a circle of gold,

with eight leaves of equal height above the rim, com-
monly called strawberry leaves, the whole richly
chased; a crimson velvet cap, turned up with ermine
of one row, and topped with a golden tassel. See Fig. 3.
A marquis has a circle of gold, with four leaves

placed between four pearls, raised on points of equal
height with the leaves. See Fig. 4.
An earl has eight pearls raised on as many points.

between every two points a strawberry leaf lower down. Hcraldjjr.

See Fig. 5.
"* "-^

A viscount has pearls to the number of twelve or six-
pJ^x'fF.o-

teen, placed on the edge of the rim. See Fig. 6. jV j_
'

A baron has only six pearls, placed on tlie rim of his vi^. 6.

golden circle. See Fig. 7. Fig. 7.

Of the Cap of Slate.

44. This cap is of crimson velvet, faced with ermine, The cap.

with two points turned to the back.

Of old, by the practice both of England and Scot-

land, this cap was borne by princes or dukes only, as

an ensign of dignity, whether on the helmet itself, or _

timbering the whole atchievement. Mr Sandford, in i

his Genealogical History of the Kings of England, in-
"

forms us that King Edward III. and his successors, as

low down as Edward VI. had on their seals of arms
this cap of state. For on one side is always to be seen

the figure of the monarch on horseback and in armour,

with this cap of state on his head, and the crest of

England set thereon."

The cap was originally therefore granted to certain

nobles, on account of ])rc-eminent dignity or merit, as

we find in the case of Henry II. Duke of Lancaster in

England, and Archibald Earl of Douglas, Duke of

Tourraine, and Great Constable of France, whose seal,

affixed to several charters still extant in Scotland, al-

ways represents the helmet as adorned with this cap.

JJut now the cape of state hath lost all its former emi-

nent dignity by the evil usage of certain heralds, and
is now borne not only by all degrees of nobility, but

by many of the inferior gentry, and indeed by some ef

the lowest extraction. See Fig. 8. Fig. 8.

Of Ensigns belonging to Ecclesiastical Dignities.

43. The Pope carries his arras in an oval shield, cr Church i

cartouche, which form has become common in Italy, in signs-

consequence of other ecclesiastics imitating their chief.

This shield is adorned externally with the ensigns of

his dignity, which are, 1st, The Tiara. This is an
higli cap, or mitre, of silk, ej^vironed with three

crowns of gold, and topped with a mound and ctoss

like the imperial crown. This triple crown (or as it is

called by the Italians the regno) is the sign of his

supremacy, and placed over the cartouche. See

2dli/, The keys, one of gold and one ot silver, (sym-

bols of the Pope's power of opening and shutting the

gates of Paradise) are placed in saltire behind the car-

touche.

3(%, The staves. The two angels which supiwrt

the proper arms are placed in a sitting posture, one on

each side of the cartouche; each with one hand up-

holding tlie regno, and with the otlier grasping a long

staif, having three traverses near the top ; which tra-

verses end in trefoils, and are of the same metal with

the keys.

The cardinal's external armorial mark of dignity is

the red hat, with which they timbre their shields, hav-

ing red strappings, with fifteen tassels hanging down
at each side of the shield. Innocent III. charged the

cardinals to discontinue all symbols of secular dignities ;

but this was never comphed with except by the Ita-

lians.

Archbishops of the Roman church, primates, and le-

gates, place a cross staff with two traverses in pale be-

5

I
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VenMry. hind the shield, and above the same a green hat with
^—^("^^ ten tiis.sels hanging clown on each side.

Our modern archbishops in England place a mitre

afl'n,tili'c on the top of the shield, ( Fip. II.) issuing

f'ronj a ducal coronet, and having two labels or pend-
ants hanging from it, and behind th*? shield two cro.

siers in saltire. Bishops use the mitre alone, proceed-
ing from a plain circlet of gold, without any other ex-

terior oniaments.

Abbots of the Roman church use a mitre in profile,

and a crosier in pale behind the shield ; above both n
black hat with a knotted cord, and six tassels on each
side, as may be seen in many of our Scottish abbeys,

such as Holyrootlhousc, Paisley, &c. Priors, provosts,

cleans, and chanters of the church of Rome, are all dis-

tinguished by similar marks, such as palm-branches,

pastoral staves, &c.

Ensigns of Civil and Military Offices.

ns of *6. In France and Germany it has always been the

.^ custom of the great civil officers to denote by some exte-

rior ornament of the shield their station and dignity.

In Scotland likewise this practice was common before

the union ; but in spite of the unceasing eiKJeavours

of the heralds of England, the great officers of that

kingdom have never complied with the customs of

their brethren in the other European slates. The only

established civil officer in England who is distinguished

by any armorial ensign of his official dignity, is the Earl

Marshall, who carries behind the shield of his arms livo

batons in saltier sable, the ends gold. When there is a

deputy Earl-marshall, he is permitted to carry one baton

in bend dexter, exactly as was used in Scotland.

The chancellor of Scotland bore behind his shield

iluo maces in saltire, ensigned n-ith imperial crowns; as

also under the shield a purse with the strings open,

pendant, fretted, nowed, buttoned, and tasselled gules,

embroidered with the royal arms.

In ad<iition to these, the chancellor of France has a

proper cap of gold, [morlier d'or) turned up ermine
on the helmet.

The presidents of the parliaments in France had in

the same way their proper cap of black velvet edged
with gold galloon.

The lord high chamberlain in Scotland had two keys
disposed in saltire behind his shield, in the same man-
ner as the grand chambrier of France.

The justice general of Scotland can-ied two naked
swords in saltire behind his shield, die points being up-

ward.
The lord high treasurer in Scotland carried a white

staff ensigned on the top, witli an imperial crown in

pale behind his shield.

The office of cujj-bearer being of old hereditary in

the house of Southesk, these Earls carried a golden cup
in their arms.

The king's foresters carried Iiunting horns ; as Bur-
net in the northern forest, and Forester of that ilk, in

the southern. So did the gra/irf uexfur of France.

The grand paunrtier of France carries under his arms
a rich cover and knife and fork in saltire.

The lord high constable of Scotland carries on each

side of the base part ofhis shield, an armgaunlletlcdJess-
tvays, issuing out of a cloud, and grasping a sword erect-

ed in pale at the dexter and sinister sides of his shield, all

proper hilled andpomelled or.

In France many other exterior marks of the same
sort were in use, all sufficiently inteUigible without

previous description, as the grand ina<it«r of artillery, **•"<
who carrietl under his arms ttro field yir. it, Ac. '

But in no kingdom were cither exirriial or internal Bu4m»p«i.

ensign* of dignify so extensively U'e<l,or »o iiyitrinati- ^ ••>«»»•-

cally arranged as in France, during the empire of Na- ^'
poleon. Not only were princes, grand dignitariei,

dukes, counts-senators, counts-archbishops, counta-mi-

litary, barons-military, biron-biihops, and chevalien,

distinguisheil by mantles lined in different manner*

;

but for each of these rankn of person;) there was set

apart some one of the honourable ordinaries, which,
either by its charge, its colour, or its position, immedi-
ately denoted that order in the state to which the bear-

er belonged : I'hus the princes grand <lignitaries had
a chief of azure charged with bees of gold ; dukes, a
chief of azure charged with stars of silver ; counts-sena-

tors, a canton dexter azure, cliarged with a mirror in

pale or, in which a serpent wreaked argent regards it-

self; counts-archbishops, on a canton dexter azure a

cross patec or ; counts-military, on a canton-dexter

azure, a sword erect in pale argent mounted or, &c.

The canton dexter always denoted a count, the canton

sinister a baron. Chcvjiliers of the legion of honour
placed the cross of their order on any one of the nine

honourable ordinaries which they preterred. In this

heraldry supporters are entirely laid aside, and the no-

bility, under the rank of princes, are distinguished by
the number of feathers in the plume of tlie bonnet with
which the shield is timbred. See Plate CCXCIV. Fig.

12. shewing ihe Arms ofa Duke under Napoleon.

Pf.ATa
CCXCIV.
Fig. \i.

Of Ensigns of Chivalry or Knighthood.

47. Knights of the different sovereign orders in Eu- Badn* of

rope are in use, to surround their shields with the col- knishthooit

lars of their orders; and if any one has more orders than

one, the collar of the most ancient order ought of right

to be placed nearest the shield. In Britain, however, it

has become the practice for knights of the garter to

place their shields within the garter itself, not the col-

lar of the order, and always to give this most dignified

order the preference over every other, by assignnig to

its ensign the place of honour nearest to the escutcheon.

For a particular account of the several orders now so

much in vogue among the sovereigns of Europe, see the

article Knighthood.

Of the Compartment.

48. The com))artment is tliat figure,on which theshield Coaipatt-

and supporters usually rest. When the bearer has more ment,

mottos tnan one, if one of them relate to the supporters

or figures of the shield, it should be placed in the com-
partment ; if one relate to the creit, it should be in an

escrole thereupon. Heralds agree, that the compart-

ment is in general intended to represent the lands or

feu of the person below whose shield it lies, although it

be sometimes granted or assumed in memory of some
remarkable action. An instance of the compartment
thus applied, is to be found, says Nisbet, " in that of

the Earls of Douglas, who obtained the right of having

their supporters placed within a pale qfnood wreathed,

because the Lord James, in King Robert Brxicc's time,

defeated the English in the forest of Jedburgh, and,

that the)' might not escape, caused wreath and impale

that part of the wood, by which he conjectured they

might make their escape." The territorial compart-

ment may, in like manner, he illustrate<l from the same
fiunily. William, first Earl of Douglas and Mar, ha-:
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Hci-akhy- u g compartment like to a rising ground, with a tree
""^^y""^ growing out of it, and semce of hearts, mullets, and

cross crosslets, the armorial figures of this Earl's escut-

clieon, to shew that the compartment was meant to re-

present his lands and I'eus." Others seem to hare as-

sumed a compartment from more fanciful motives ; as

the old Earls of Pertli, who had a green hill semce of

galtraps, which, witli their motto " Gang warrily,"

forms a complete device.

Of the Paxilion.

Pavilion.

Plate
CCXCiV,
Fig. 13.

49. After treating of these external marks of honour
common to the nobles of the European kingdoms, it

remains to take notice of one entirely confined to sove-

reign princes, although not assumed by all of them,

viz. the pavilion. This is a tent or tabernacle, with a

canopy roof, vinder which the arms of the emperors, of

the kings of Frange, and of some other princes, are

usually represented. Menestrier is of opinion, tliat the

first who invented this use of the pavilion was Philip

Moreau, and that from its having made its first appear-

ance on the coins of Philip of \'alois, it derived the

Full blazon na"ic l^J which we know it. As a specimen of the

of Scotland, mode of blazoning arms, we have inserted the royal

atchievement of Scotland, in Plate CCXCIV. in which
the blazon, according to Mr Nisbet, runs thus :

" The sovereign ensign armorial of the kingdom
of Scotland

—

or a lion rampant gueules, armed and
langued azure, witliin a double tressure counter flower-

ed with flower de lysses of the second ; timbred with

a helmet affrontee with bars or, adorned with lam-

brequins or, doubled ermine, and ensigned with the

imperial crown of Scotland; and thereon for crest a
lion sejant full-faced gules, crowned or, holding in his

right paw a naked sword proper, and in tlie sinister a

scepter or, both erected; and above, in an escrole, the

motto " IN HEFENSE." The shield is encircled with
the colour of the most noble order of the thistle, with
its badge thereto appended of gold, enamelled azure,

having the image of St Andrew surmounted of his

cross argent ; and supported by two unicorns argent,

crowned with imperial and gorged with open crowns,

to the last chains affixed passing between their fore-

legs and reflected over their backs or ; he on the dexter

bearing up a banner or, charged with the red lion of

Scotland; he on the sinister, a banner azure charged
with the white cross of St Andrew, both standing on
a compartment cheque or and azure like a pave-
ment, on the first the lion of Scotland, and on the se-

cond St Andrew's cross. All within a royal pavilion

of cloth of gold, semee of thistles slipped proper,
doubled ermine, the comble or canopy rayonnee, and
adorned with precious stones, and topped with the
crown of Scotland, over all on an escrole the device of
Scotland, (alluding to the thistle,) " Nemo me impune
lACESSET."

Of Funeral Escutcheons, <^c. in Scotland.

Funeral at- ^O- Although our code calls no man noble under the
tliievement. degree of a baron, yet there is an old and well-known

distinction between nobiles viajores and nobiles minores :

the first comprehending all titled nobles from the
prince to the baron ; .the second, all between the baron
and the gentleman inclusive.

A gentleman is one descended of three descents
of nobles (viz. of name and arms) by both father
and mother, for gentility is not perfect in the person

who first obtains arms among us, or letters patent of Heraldry,

noble&se on the continent ; as, among tb.e Romans, ^""Y""^
though the father was free born, and of the equostrian
census, yet it was requisite that the grandfather should
be so also, otherwise the son could not obtain the nn-
niilus, or symbol of the equestrian rank. Gentility,

then, begins in the grandfather, increases in the father,

and is perfect in the son.

The proofs of this nobility are the armorial ensigns
or gentililial tesseras of these ancestors, arranged in
due order on the sides of the escutcheon, (and there-
fore fitly here treated of among the external ornaments
of the shield), not indeed commonly, but on particu-

lar occasions, as on that of the funeral of the bearer.
The arrangement of these tesserae is the same, to
whatever number they amount. If the nobility be of
four descents or lineages, the mode of arrangement is

as follows

:

Arms of

the F.1-

ther.

Mother.

Father's

Mother.

Grand-
father's

Mother.

Arms of the

Great-Grand-
son, noble
by four de-

scents on both
Father and

Mother's side.

Mo-
ther's

Mother.

Grand-
father's

Mother.

Grand-
mother's

Mother.

I Grand-
mother's

Mother. i
The full funeral escutcheon of the Duke of Athole Piatb

is represented in Plate CCXCIV. Fig. 14-. CCXCIV.

In England, the place of this gwiealogical escutcheon ^'8" ^*'

is supplied by the genealogical pennon before described,

in p. 730.

Of Preeedency.

51. It is, as was formerly observed, the part of the hC' EHglish
raids to settle the order or precedency of all those as- precedency,

sembled in public meetings. The rules by which the

precedency of individuals is ascertained, seem to be
more fixed and determinate in England, than with us

of Scotland. Sir William Blackstone, in his Commen-
taries on the Law of England, book i. chap. 12, gives a

Table of Precedence, which is here copied as the most
safe authority.

{

TABLE OF PRECEDENCE.

The King.
The King's Children and Grand-children.—^—— Brethren.

I Uncles.

Nephews.
The Archbishop of Canterbury.

Lord Chancellor or Keeper, if a Baron,

Al-chbishop of York.

Table of 1

precedeacj. j

I
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Barons.

J

Dcralilry. Lord Treasurer.
^-^.""^ LoriJ President of the Council

^^^'^^met
^^^ ''''^'y ^'''"''•

prec enee.
Lord Great Chamberlain.
I,ord High Constable.

Lord Marshall.

Lord Admiral.

Lord Steward of the Ilousciiold.

Lord Chamberlain of do.

Dukes.
Marquisscs.

Dukes eldest sons.

Earls.

Marquisscs eldest son».

Dukes younger sons.

Viscoimts.

Earls eldest sons.

Marquisscs yoimgcr sons.

Secretary of State, if a Bishop.

Bishop of London.
Durham.
Winchester.

Bishops.

Secretary of State, if a Baron.
Barons.

Speaker of the House of Commons.
Lords Commissioners of the Great Seal.

Viscounts eldest sons.

Earls younger do.

Barons eldest do.

Knights of the Garter.

Privy Counsellors.

Chancellor of the Exchequer.
Chancellor of the Duchy.
Chief Justice of the King's Bench.
Master of the Rolls.

Chief Justice Common Pleas,

Chief Baron of the Exchequer.
.Judges and Barons of the Coif.

Knights Bannerets Royal.

Viscounts younger sons.

Barons do. do.

Baronets.

Knights Bannerets.

Knights of the Bath.

Knights Bachelors.

Baronets eldest sons.

Knights do. do.

Baronets younger do.

Alwvc all peers

of their own
degree.

Knights younger sons.

Colonels.

Serjeants at law.

Doctors (of Divinity, L«w, Medicine.)
Esquires.

Gentlemen.
Yeomen.
Tratlesmen.

Artificers.

Labourers.

N. n. Married women and widows have the same
rank among each other as their husbands would have
among themselves, except such rank be merely profe*'
sional or official. And unmarried women to the same
rank as their eldest brothers would bear among men
during the lives of their fathers."

Fatlier Menestrier has expressed the principal rules

of heraldry in a very few verses, which may easily be
retained in the memory.

" Le Blazon compose de difTerens einaux

K'a que quatre cnulcurs, deux panes, deux mcUux.
Kt les marqvies d*honneur qui suivcnt la naiaance
Distinguent Ic noblesse, et font aa recompcDae.
Or, argent, sable, azure, gueules, sinople, vair,

Hermine au naturel, et la couleur de chair,

Cher, pal, bande, sautoir, faiice, barre, et tmrdurr,

Cheveron, pairle, orle, et croix de diverse figure,

Et plusieurs autres corps nous pcignent la valeur

Sans metal sur metal, ni couleur sur couleur.

Support, cimier, bourlet, cri de guerre, et devise.

Colliers, manteaux, honnei'rs et marques de I'Bglisc,

Sont de I'art du blazon les pompeux ornements

;

Oont les corps sont tires de tous les elements

Les astrcs, les rochers, fruits, fleurs, arbres, et planUs.

Bt tous les animaux en leur formes difibrentes,

Scrvent a distinguer les fiefs et les maisons,

Et de communaut^s composent les blazons.

—De leiir tcrmes precis enoncer les figures

Scion qu'ils auront de diverscs postures.

Le Uaion plein echoit en partagc a I'aisn^;

Tout cadet doit briser comnic il est ordonne."
Ainge, p. 6t.

See the works of Menestrier, de la Colombiere, Pal-

liot, Henniker, Upton dc Militari Studio; Johaimes

de Bado Aureo de Annis; Spelman Aspilopa; Mor-
gan's Sphere of Getilrtf ; Speneras de Heraldwa; Favin

Theatre d'Honneitr; Guillim's English Hernldn^; Ed-
monstone's English Heraldry; Dallaway's English He'
raldry; Nisbet's Scots Heraldry; Leigh (Heame's
Eminent Antiquaries), Carter, Camden [Remains); Sir

George Mackenzie's Treatise; Bartolus de jure Armo-
Tum; Ducange, &0.

H< raMry.

INDEX.
Index.

Abatements of honour, § 33
Angle, 24
Annulet, p. 724
Arched, H
Argent, 83
Armes parlantes, 17

Armories, opinions concerning

the antiquity of, 2—

8

reasons for referring

their origin to the

tournaments, 9—li
introduced into France

and England, 15, 16

furmerl; alienable, 20
Armed (lions), 29

vol.. X. I'ART II.

Azure, 33

B
Baillone, 29
Banded, 28
Banner, 21
Bar, 25, 6
Baron, and fcmmc anna in, 34.

Barrulct, 25, 6

Base point, 24
Batton, 25, 4
Battled, 24
Bend and bendlet, 25, 3
Bcril, 24
Bezants, p. 724
Billet!, p. 725

Birds, 30
BUznn. origin of the term, 12
Blazoning defined, 22

rules for, p. 725
Border, 25. 8
Buonapurte, heraldry adopted

by, 46

Cadency, marlcs of, 31
Canton, 25, 18

Cardinals' insiitnia, 45
Cap of state, 44
Centre point, 24
Cinqui'foil, 30
Civil dignity, marlis of, 46

Qoset, 25, 6
Cccur point, 24
Coins when first stamped with

arms, 9
Colcones, arms of the. Note, p.

708
Collar point, 24
Colaur>^ origin of the, 14
Columbus, arms of, 18

Compartnient, 48
Componjr, 25, 8
Concession, arms of, 20

Centre erniinc. 23
Contre charged, 29
Contre vair, 23
CoroDCla, 43

A *

Index.
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Itideic. Couped, 28—y-^i/ Couple close, 25, 13

Coiipy, 2+
Cottise, 25. 2

Couchant (lion,) 29
Coward lion, 39
Crenelle, 24.

Crescents, 27
Crest, 39
Crosses, 25, 12
Crosslct, 25, 12

Crowns, 43
D

Dancettd, 24
Debruised, 29
Devices, 40, 11

Diapere, p. 725

Dignity, marks of, among the

ancients, 6

marks of, 19

marks of, 45, 46
' Ditnidiation, 34

£
Eagles, 30
Ecartile, 24
Embowed, 30
Enaleron, 25, 8
Endorse, 25, 2
Endorsed, 3»
Entoire, 25, 8
Enurnc, 25, 8
Ensign, aud its kinds, SI
Erased, 28
Ermine, erminois, erminites,

23
Escutcheon^ 2o, 7

Estoil, 27

F
Faire fcnetrc, 13
Falcons, 30
Fess, 25, 5
File, 25, 19
Fisli, 30
Fissure, 25, 3.

Fitched, 25, 12

Flanche, 25, 10
Flasque, 25> 10

Flanqiie points, 24
Flory-counter-flory, 25, 9
Flowers, blazoning by, 23
Fret, as, 14
Fuzil, 21

Funecal escutcheon, 50

HERALDRY.
Genealogical pennou, 34
Gentleman, 50
Gideon, 21

Giron, 25, 16

Golpes, p, 724
Gonfaloniere, 81
Gonfanon, 21

Greeks, armorial ensigns of the,

3—7
Gules, 23
Guttes, p. 724
Gutty, ib.

H
Haurieut, 30
Helmets, 36
Henry the Fowler, 3, 12
Heraldry, definition of, I

origin of, 2—14
probably arose at the

time of the tourna-

ments, 9—14
introduced into France
and Eugiand, 15, 16.

Hurts, p. 724.

Ibex, 30
Impaling, 34
Indented, 24
Ingrailed, 24
Ingrafting, 34
Inrecked, 24
Issuant, 29

Jambe, 29
Jelloped, 30
Jessed, 30
Jews, armories ascribed to the,

3,7

K
Knighthood, marks of, 47
Knights-service, armories deno-

ting, 19

Galea: hastiludialcs, 12
Garter, 25, 3

order of the, 47
'Gebelin, M. Court de, 2, 17

Label, 85, 19, 31
Lambrequin, 37
Langued, 29
Lions in ail their forms, S9
Lozenge, 21

M
Mantles, 37
Mantling, 37
Marshalling of coats, 34
Martlets, 30, 31
Masdes, p. 724

Meirre, 23
Montegres, 30
Morgan, 2, 21
Mortue, 29
Motto, 40
Mullets, 27
Mushetours, 33

N
Naiant, 30
Naissant, 29
Nebule, 24
Nombril, or navel point, 24
Nowy, 24, 29

Ogresses, p. 724
Ombre de soleil, 27
Or. 23
Ordinaries, 25
Orle, 25, 9
Orleans, the Maid of, her arms,

18

Pale, 25, 2
Pallet, 25, 2

Papillone, p. 725
Party, 24
Passant, 29
Pattee, 24
Pavilion, 49
Pcan, 23
Pellet, p. 724
Pennons, 21

Pile, 25, 15

Planets, blazoning by, 23
Plates, p. 724
Points of Iho shield, 24
Pomcis, p. 724
Pope, insignia of the, 45
Potent, 23
Precedence, 51

Precious stones, blazoning by,

23
Prelates' insignia, 45
Pretence, escutcheon of, 34

Proper, 2:5

Purpur, 23

Quarter, 25, 17

Quarterings, 34
QuatrefoU, 30

Rabbinical armories, 7

Ragule, 24
Rampant, 29
Rapin, 29

Rayonne, 84
Regardant, 29
Regno, 45
Repartition, linos of, 24
Ribbon, 25, 8.

Sable, 23
Saltier, 25, 11

Sanguine, 23
Scotland, blazon of, 49
Seals, when first aims were en-
graved on, 9

Sezaie, 34
Segreaut, 29

Shield, 21

Sinople, 23
Standard, 21

Supporters, origin of, 42
who have a right to bear,

in Kngland, ib.

who have a right to bear,

in Scotland, ib,

Surcoat, 21
Surmounted, to, 4

Tabart, 21
Taille, 2i
Tenny, 23
Tiara, 45
Tierce, 24
Timbre, its parts explained in,

36—39
Tinctures, 23
Tombs, when first armuries

were used on, 9
Tortcaux, p. 72'1

Tortille, 28
Tournaments, 9—

H

Trefoil, 30
Tressure, 25, 9

Ioda(4:

Unde, 24
Urde, 24

U

Vair, 23
Verdoye, 25, 8
Verget, 25, 2
Vert, 23
Voided, 25, 5
Voider, 25, 10
Volet, 37

W
Wavcy, 24
Wreath, 38
Wyverns, 3«
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Herau HERAT is a city of Persia, and fonnerly the capital
—»>^'—»• of Khorassin. It is the ancient Aria or Artacoana,

•the capital of Ariana. Herat is situated in a spacious
and highly cultivated plain, encircled by lorty moun-
tains, and traversed by the river Herirood, which runs
into the Caspian Sea near Zaweh. The city, vi^hich

covers an area of four square miles, is surrounded with
a loftj' wall and a wet ditch, and is defended by a cita-

del in the western face, which i.s a small square castle,

built upon a mound with burnt brii-k, and flanked
with towers at the ftn. !c :. On each face of the city is

a gate, stud (wo ii; t>' • orthern face, and from each
.gate a spacious and w ell supplied bazar leads to the

HER
centre of the town. The street which leads front the

southern gate to the cattle-market, opposite to the

citadel, is covered with a vaulted roof Independent
of the public fountains on either side of the Bazars,

almost every house has a separate fountain of water.

The principal public buildings are the residence of the

prince, and the chief mosque. The former is a mean
building, with a common gateway. In the front of
the building is an open square, with the gallows in the

centre. The mosque, which is called the Mesghed
Jama, was formerly a magnificent building, and cover-

ed a space of eight hundred square yards. It is now,
however, falling rapidly into decay.

Herat.
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Herat carries on a very extensive trade, and li.it HI' RCl'LANFUM, itan ancient city of lul/, litiu. BmH

therefore received tlie appellation of Jiumier or Port, ted on the Bay of Naples, and supposed to have bc«a ci. •«"
It is the emporium of the commerce carried on between thcr foundj-d by Mcrculei.or in honf)urof him, ISSOyun "^^
Cabul, Cashmere, Hukbara, Hinclostan, and I'crsia. before the Christian era. About «J..7 j earn later, ih*
Cabul supplies the inhabitants of Herat with shjiwls Romans iieein to have taken p<.swH>.ioii o« the city, and
and raw susjar, chintz, muslin, leather, and Tartary to have retained it ever afu-r. luihivf--' "

.-d

skins, which they export to Meshed, Yezd. Kerman, severely from an eiirtJiquakf, whi( h, a< • ,

.

Ispahan, and Tehraun, and receive in return dollars, ca, occationed the total ruin of purt of it, kik.

tea, china-ware, broadcloth, copper, pepper, and su- mainHer in a totterinp state. Hut in the year
'

^i.

gar-candy. Kerman furnishes dales and shawls, and tion of Vesuvius for the first time exhibiting vok.iiiic nret
they receive carpets from (ihacn. The staple com- to the existing generation, buried the whole many fe«t
modities of Herat, are silks, safl'ron, and assafoetida, deep, under repeated showers of stone* and aahea;
which are exported to HindosUn. The gardens are while other cities were overwhelmetl by torroita of li>

filled with mulberry trees for the use of the silk worms, quid lava, or swallowed np by the earthquake* which
and the assaftrtida is produced on the plains and hills accompanied them.
near the citv. The trade is principally tarried on by the «

HilKloos, who alone |>os$ess capital and tre<lit, and who Cuncta jacentfammit tt trili mcnafavtVa. M«Tut.

are highly distinguished by the government, in conse- All memorials of the devoted cities were lost; and
quence of their great commercial concerns. disctis-sions on the places they hud once occupied, were

I'he severity which sometimes characterises the win- excited only by some obscure passages in the clauaical

ter at Herat, is often injurious to the crops ; but no- authors. Six successive eruptions contributed to lay

thing can surpass the fertility of the plain, which pro- them still deeper under the surface. But after sixteen

duces the most abundant crops of wheat, barley, and centuries had elxpsed, a peasant, in digging a well be-

every kind of fruit known in Persia. The roses in the side his cottage in 171 li obtained bome fragments of

vicinity of the town are so plentiful, that it ha.s obtained coloured marble, which attracted attention. Uegidar

the name of S(7r^?///2ar, or the city of roses. The cattle excavations were made, under the superintendance of

are small, and by no means numerous, but the broad Stendardo, a Neapolitan architect ; and a f^tatue of

tailed sheep are abundant. The revenue of the town Hercules of Greek workraansliip, and also a mutilated

is estimated at 4^'i lacks of rupees. It is raised by a one of Cleopatra, were withdrawn from what proved

tax on caravanseras, shops, and gardens, and a duty on to be a temple in the centre of the ancient Hercula-

exports and imports. The town is governed by Prince neum.
Hadjy Firooze, son of the late king of Cabul, who Twenty or thirty years afterwards, the king of the

pays an annual tribute of 50,000 rupees to Persia, two Sicilies, with a laudable love of science, directed a

The population of Herat is 100,000, of whom 10,000 complete search to be made among the remains ot the

are Patans, 600 Hindoos, and the remainder Afghans, subterraneous city, and all the antiquities to be preser-

with a few Jews. East Long. 63^ \V, North Lat. ved. Tiiis was long and ardently prosecuted ; and the

34.° 12'. See Macdonald Kinneir's Geographical Me- entrance is now gained by a narrow passage, descend.

moir of the Persian Empire, p. 181— 183. ing gradually to more than 70 feet from the surface,

HfiRAULT is the name of one of the departments where it branches into numerous alleys leading to difte-

of France, formed out of the dioceses of St Flour, Lo- rent streets and buildings. Neither the precise extent

deve, Montpellier, Bezieres, and Agde in Lower Lan- or population of Herculaneuni can be ascertainui,

guedoc. It is bounded on the north by the depart- tljough it is probable that both were considerable; and

ments of the Gard and the Aveyron, on the west by we know that it was a city of the second order. All

those of the Tarn and the Aude, on the south by that the streets run in straight lines; they are paved with

of the Aude and the sea, and on tlie east by the Gard. blocks of lava, which indicates the vicinity of more an-

Its principal rivers are the Herault and the Orbe

;

cient volcanic eruptions ; and tlicre is, for the most part,

the Herault passes by Pezenas, and runs into the sea an elevated foot-patli along their sides, for the conve-

at Agde. The Orbe waters Bezieres. This depart- nienc-e of pedestrians. The houses, whose exterior does

ment consists of hills, vallies, and plains of different not seetn to have been ornamental or regular, consiste<l

soils. It produces all sorts of grain, wines, brandy, only of one story, built of brick. The walls of many

olives, chesnuts, fruits, silk, vertligris, and salt. The are thrown out of the perpemlicular, and some are co-

trade of the department is greatly facilitated by tlie vered with coloured stucco, upon which are executed

canal of the South, which begins at Cettc, passes with- paintings in fresco. From the general ajipearance ex-

in 12 myriameters of Montpellier, coasts along tlie hibited by the different edifices, we may safely conjec-

Mediterranean, and after passing before Ag<le, it re- ture that the volcanic matter consisted of rerj- hue dust,

ascends to Bezieres, and from this, after crossing the or ashes, which fell in repeated showers, and nerhaps in

Orbe, it goes on to Narbonne. The woods in this a humid state, until the city was totally buried under it.

department are very hne, but not numerous. They Indeed it was so fine, that the most perfect impressions

occupy only from ^8 to 29 hectares, or irom 5t or 55 of the objects thus coveretl were imprinted there, and.

acres, one half of which belongs to the nation. The con- on their being now removed, the cavity may serve lor

tributions in 1803 were 334,317 francs. The principal a plaster or metallic Ciist. By this means innumerable

towns are articles were preserved entire, aiul scarcely di.«place<l

from thuir original position, for the incuinl)ent loa 1 re-

Montpellier, the coital .... 33913 ceived gradual accessions uliaccorapanie<l by any e.\tra-

Bezieres, 14211 ordinarv degree of heat or violence.

Loiitve, 7843
'j'lig riniains of several public biiiWings have been Anckne

St Pons 4'jOf)
tliscove ed, which have possil

" -•- tempfcfc

The population of the department is 291,957 queni convulsions. Among i- i^'

See France, vol. ix. p. 676. coL 2. of them i50 feet by 60, in whua was louiul u »utuc of
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Jupiter. A more extensive edifice stood opposite to

these, forming a rectangle of 228 feet by 1 32, supposed
to have been appropriated for the courts of justice.

The arches of a portico surrounding it were supported

by columns ; within it was paved with marble ; the

walls were painted in fresco ; and bronze statues stood

between 42 columns under the roof.

Theatre. Before the year 1738, the theatre was discovered ; the

size of which has afforded some conjectures regarding

the population of Herculaneum. The building was
nearly entire ; very little had been displaced ; and we
see in it one of the best specimens extant of the archi-

tecture of the ancients. It seems to have had two princi-

pal gates, with inscriptions over the architraves of each,

besides seven entrances, called vomitoria, communicating
» with the benches. Many columns and pilasters, with la-

boured entablatures, appeared in the Proscenium, and
some supported bronze or marble statues. The walls were
covered with paintings in the arabesque, and the floor

paved with marble ; that of the orchestra, consisting of

the finest yellow antique, is preserved nearly entire

;

and similar decorations adorned the various apartments
connected with the theatre. Twenty-five rows of high
and wide marble benches accommodated the audience ;

which, rising gradually above each other, gave a full

and distinct view of the arena below. The greatest

diameter of the theatre, taken at the highest benches,

is 234 feet ; whence it has been computed, that it could
contain 10,000 persons, which proves the great popula-
tion of the city. This theatre was rich in antiquities,

independent of that ornamental part to which we have
already alluded. Statues, occupying niches, represent-

ed the muses ; scenic masks were imitated on the enta-
blatures ; and inscriptions were engraven on different

places. Analogous to the last were several large alpha-
betical Roman characters in bronze, and a number of
smaller size, which had jirobably been connected in

some conspicuous situation. A metallic car was found
•with four bronze horses attached to it, nearly of the na-
tural size ; but all in such a state of decay, that only
one, and the spokes of the wheels, also of metal, could
be preserved. A beautiful white marble statue of Ve-
nus, only 18 inches high, in the same attitude as the
famous Venus de Medicis, was recovered ; and either
here, or in the immediate vicinity, was found a colossal
bronze statue ofVespasian, filled with lead, which twelve
men were unable to move ; besides many objects entire,
there were numerous fragments of others, extremely
interesting, which had been originally impaired, or
were injured by attempts to obtain them. The Her-
culaneans are said to have had a particular taste for
theatrical entertainments ; and some authors have main-
tained, that, disregarding the danger which menaced
them, they remainetl so intent on the performance,
that both here, and at Pompeii, they were surprised by
the eruption of Vesuvius, and buried under it. But we
may reasonably conclude, that, with regard to Hercula-
neum, the theatre did not suffer materially from the
earthquake, and that it was not attended with the de-
struction of the spectators. Remarkably few skeletons
have been found in this city, though many occur in the
streets of Pompeii ; but one appears under the thresh-
hold of a door, with a bag of money in its hand, as ifm the attitude of escaping, leaving its impression in the
surrounding volcanic matter. Nevertheless, it might be
here, as we are tokl ofa different city, where the Emperor
Nero appearing on the stage, was surprised by a sudden
earthquake

; but the audience had time to escape, and
the theatre fell without doing any injury. A similar
incident occurred within these few years at Naples

where the decorations of the theatre were in visible mo-
tion before the terrified spectators, but the strength of
its pai'ts resisted the shock.

The exfodiation was prosecuted along the walls of
the buildings, turning the corners, and entering by
the doors and windows as they occurred. Two marble
equestrian statues of the finest workmanship, which
had been erected in honour of the two consuls Balbi

and son, were found opposite to the theatre : and in

prosecuting the researches into the public edifices and
private houses, or even through the streets, the work-
men met with many things worthy of observation. A
well now containing good water, was seen surrounded
by a parapet, and covered by an arch which had ex-

cluded the ashes. A capacious bath of a circular form
was penetrated, and also repositories of the dead, still

more ancient than the overthrow of Herculaneum.
Fragments x)f columns of various coloured marble, beau- Af>waic

tiful mosaic pavements entire, and mutilated statues, pavement.

were abundantly disseminated among the ruins. Some
of the pavement, representing figures, has been taken
up and again disposeid in its original order in a spacious

museum prepared for the reception of the antiquities.

The public edifices afforded a copious collection corre-

sponding to their different uses ; but many were utterly

destroyed, such as the statues in the building contain-

ing forty-two columns. Numerous sacrificial imple- Sacrificial

ments, however, such as patera;, tripods, cups, and iu.pltments.

vases, were recovered in excellent preservation, and
even some of the knives with which the victims are con-

jectured to have been slaughtered. Numerous domestic

utensils employed in the exercise of the arts, and contri«

buting to the amusements of the existing generation,

were all preserved.

When we reflect that 1600 years have elapsed since

the destruction of this city, an interval which has been
marked by numerous revolutions both in the political

and mental state of Europe, a high degree of interest

must be experienced in contemplating the venerable re-

mains of antiquity tecoveretl from the subterraneous

city of Herculaneum. Pliny the Younger, in his let-

ters, brings the Romans, their occupations, manners,

and customs, before us. He pictures in feeling terms

the ileath of his uncle, who perished in the same erup-

tion as the city we now describe : and that event is

brought to our immediate notice by those very things

which it was the means of preserving. Among these

we see the various articles which administered to the

necessities and the pleasures of the inhabitants, the em-
blems of their religious sentiments, and the very man-
ners and customs of domestic life.

Articles in vast variety were obtained from the houses,

wherein the beams appeared as if converted to charcoal

;

but it is to be observed, that all the remains of wood
exhibit the same aspect to the very heart. They are

not consumed or turned to ashes, owing probably to the

exclusion of the external air by the showers of volcanic

matter. It is singular, that while wood, which has re-

mained during ages buried in the earth, or immer-
sed in water, acquires additional consistence, this

has entirely lost what it possessed. Pieces of thin

and delicate texture have preserved their shape, but

blocks of a large size are converted throughout to char-

coal.

If the subjects recovered from Herculaneum be Statue;

classed according to their value, the statues should be

enumerated first, both as being of thefinest workmanship,

and of the most difficult execution. Some are colossal,

some of the natural size, and some in miniature; and the

materials of their formation are either clay, marble, or

State in

wliich the

timber was

found.
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Uereula- bronze. They represent all diflbrent ohjects, divinities,
"«"'"• heroes, or distinguished persons ; and in the same sub-

Stuturs.
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sUnices, especially bronze, there are the figures ofmany
animals. Sculpture in its various branches, had attain-

ed a high degree of perfection among the ancients ; their

religious prejudices and manners greatly contributed to

the perfection of tiie art ; and we have ocular demon-
stration, that the reputation oftheir celebrated artists was
not overrated. Panitings are interesting, but the small

portion of the object represented, renders them far less so

tiian statues which afford complete imitations, and are

thence to be ranked as the most precious relics of an-

tiquity. Here there are two statues seven feet high of
Jupiter, and a woman, in clay ; and two of gladiators,

in bronze, about to combat, are much admired. The
same may be said of Nero in bronze, naked and armed
as a Jupiter lonaiix, with a thunderbolt in his hand.

A Venus pudwa of white marble in miniature, is ex-

ti-emely beautiful, and also the statue of a female leaving

tlie bath. In the year 1758, a fine bronze statue of a
naked Mercury, supposed to have been the work of a
Creek artist, was discovered: and in the course of the

excavations extending beyond tlic confines of the city,

a Silenus, with a tiger, sometimes his attribute, was
tirtmd, which had formerly adorned a fountain. Se-

veral fauns or other sylvans, with vases on their

shoulders, were obtained in tlie vicinity of Silenus,

whicJi are of bronze ; and it is singular to observe, that

the younger figures have silver eyes, a disagreeable de-

formity sometimes adopted in marble statues. The
figure and attitude of a drunken faun, stretched on a

lion's skin, and supported by one full of liquor, pre-

sents all that vacuity of thought and sensation of animal

pleasure which accompany ebriety: another faun asleep,

as large as life, presents a slate of absolute repose. We
have named two fine equestrian statues of full size.

There is also a bronze equestrian statue of an armed
Amazon, only l6 inches high. There are many elegant

statues of the goddesses and graces only 8 or 10 inches

in height : and we likewise see some of the monstrous

Egyptian divinities with which the Ilerculaneans were

acquainted. Several fine busts or simple heads of the

ancient philosophers, as Zeno or Epicurus, stood in

the houses ; the name being inscribed below, or on a

pedestal. Bas-reliefs likewise occurred, but few coins

or medals. Gold coins of Augustus were found, and
silver medallions, two or three inches in diameter, bear-

ing uncertain devices.

The ancient pictures of Herculancum are of the ut-

most interest, not only from the freshness and vividness

of colour, but from the nature of the subjects they re-

present. All are executed in fresco ; they are exclu-

sively on the walls, and generally on a black or red

ground. It has been supposed, from passages in the

classics, tliatthe ancients used only lour colours, white,

black, yellow, and red; but here are added blue and
preen.* Some are of animated beings, large as life, but

the majority are in miniature. Every different subject

of antiquity is depicted here : deities, human figures,

animals, landsca]>es foreign and domestic, and a variety

of grotesque beings. S|)orts and pastimes, theatrical

performances, sacrifices, all enter the catalogue. Ha-
ving occasion afterwards to , speak cursorily of some of

these subjects, we shall content ourselves with observing

that they arc more remarkable for variety than for their

intrinsic qfiality. One of. larg^ size found in a temple.

and the most celebrated, reprment* The*eui vanquishing HmmU-
the Minotaur, which lies stretched at his feet, with the "*"'"

head of a bull and the Ixwly of a man. A female, tup- ' ""

posed to be Ariadne, and three children, form part of Faioiiai^

the group. This, along with n picture, compoMaof M*
vera! figures as large as life, of which Flora u the mott
conspicuous, adorne<l a temple of Hercides ,- each i< six

or seven feet high anil five broad. Another repreienta

Chiron teaching Achilles the lyre ; and female centaun
are seen suckling their young. The interior of a tboe-
maker's shop is exposed on a smaller scale ; a featt, bas-

kets of fruit, a grasshopper driving a (tarrot yoked to

a car, a cupid guiding swans in the same manner, and
many allegorical subjects are represented. It is impos-
sible within these limited lioumls to enumerate their va-

rieties, but we shall immediately refer the reader to a *

specific work upon the suliject, from which much en-
tertainment will be derived. The king, desirous of
preserving these pictures, directed them to be sawed
out ofthe walls, a work of great labour and perseverance,

after which they were put in shallow frames and kept

in the museum.
It is said that a triremis or vessel, with three banks of Trirenii*,

oars, was discovered with the iron or copper tackle, and
wood work complete, and that a drawing was taken of
it ; but the more material parts immediately fell to dust.

A sea piece with vessels is among the paintings.

It is extraordinary, that numbers of perishable State in

substances should have resisted the corrosions of time. »hich drf-

Many almonds in the shell, imprinted with all the lines li^""'/™!*
and furrows characterising their ligneous envelope, were
dug out of the ruins of Herculaneum ; figs and some
kinds of wild apples were in preservation ; and a sort of
pine cone yet growing in the woods of Italy, the seeds

of which are now atie, or used for culinary purposes.

Grain, such as barley, and also beans and pease, re-

mained entire, of a black colour, and offering resistance

to pressure. The stones of peaches and apricots are

common, thus denoting the frequency of two trees, re-

puted indigenous in Armenia and Persia. But what i»

still more sin^lar, a loaf, stamped with the baker's name
in Roman characters, or the quality of the wheat, was
taken from an oven and was apparently converted lo char-

coal. Different jiarts of plants prepare<l for pharmacy,
were obtained from the dweUings ofthosewho had been
apothecaries. After such an amazing lapse of time, li-

quids have been found approaching to a fluid state—an
instance ofwhich cannot be sufficiently admired in a phial

of oil conceived to be that of olives. It is white, greasy
to the touch, and emits the smell of rancid oil. An
earthen vase was fomtd in the cellars containing wine,

which now resembles a lump of porous durk violet co-

loured glass. We acknowledge, however, that there is

great difficulty in comprehending how this chajige

should have taken place. The ancients speak of very

tliick wmes, re«{uiring dilution previous to use, which
would keep 200 'years, and would then acquire the

consistence of honey. Eggs are also said to have been

found whole and empty. Solid pitch was found at the

bottom of a vessel, wherein it had probably melted, as

it atlerwards did from heat in tlie museum at Portici,

which stands near the entrance tu the subterraneous city.

An entire set of kitchen furniture has been collected, Kitchen

whicli displays several utensjia exactly similar to our utenul-.

own. The cup{>er pans, instead of being tiuued, are

internally coated with silver, probably a better prtM;i)u-

State of b.
quidi.

See sir Hiimphrjr; Day's interesting p,iper on '.lie colours u««d by the Ancienu, in the PkiL^ Train, for ISl&r—KD.
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tion, as more of the poisonous metals are expelled

from the latter. These have not been attacked by ver-

digrease, whence the ancients perhaps vmderstood some
branches of metallurgy as well as the moderns. Here
is a large brass cauldron, three feet in diameter, and
fourteen inches deep, an urn or boiler for hot water

similar to those on our tables, and also having a cylin-

tler in the centre for a heater. There are pestles and
mortars, and all kinds of implements for cutting out and
figuring pastry ; and, in short, a complete culinary ap-

paratus. Utensils of finer quality were likewise collected

which had been employed at tables, as silver goblets, and
vases, silver spoons, and the remnants of knives. But
from the absence of forks, both among the other re-

mains and in pictures, it is doubtful how far they were
known to tlie ancients. It is probable, indeed, that

their invention and common use are to be dated several

centuries later.

Several articles belonging to personal ornament and
decoration occurred : We shall not speak of the colours

still in a condition fit for painting, because it is ques-

tioned whether they were such as it is known the
ladies of that generation were accustomed to use for

more ordinary purposes. Besides, they are red, blue, and
yellow. Those with which females heightened their

complexion were prepared both from minerals and ve-

getables, the latter being chiefly marine plants. Two
silver bodkins, with which they pinned up their hair,

eight inches in length, are preserved ; the end of one
appropriately sculptured with a Venus adjusting her
tresses before a looking-glass held by Cupid. Gold
armlets, bracelets, necklaces with pieces of plate gold
suspended to them as a locket, are preserved. Small
nets also with fine meshes, which, some have supposed,
the ladies employed to tie up their hair; and others
of coarser texture, which must have been used for

other purposes. Pieces of cloth, coloured red on one
side, and black on the other, were found on the breast

of a skeleton ; the texture of which, whether silk,

woollen, linen, or cotton, antiquaries have not been
able to decide. Very few jewels are discovered, which
favours the idea of the inhabitants having had time
to escape. There was a wooden comb, with teeth

on both sides, closer on one of them than on the op-
posite ; and portions of gold lace fabricated from the
pure metal. Sandals of laced cords are seen, though
it is more commonly believed that leather was in ge-
neral use among the Italians ; and a folding parasol,
absolutely similar to what we esteem a modern inven-
tion, was likewise discovered.

There is kept in the museum a case of surgeon's in-

struments, complete, with pincers, spatulae, and probes;
also a box supposed to have contained unguents ; and
pieces of marble, employed in braying pharmaceutical
substances. A variety of carpenters and masons tools,

as chissels, compasses, and trowels, were found, re-
sembling our own ; and bolts and nails all of bronze.
The weights and measures of the ancients have ex-

cited considerable discussion, which those preserved in
Herculaneum may elucidate: Different balances ap-
pear, of which the most common is analogous to the
Roman steelyard : but those with flats for scales, though
wanting the needle, are likewise seen. The weights
are either of marble or metal, of all gradations up to
thirty pounds ; and from the marks exhibited by a set,

well made of black marble, in a spherical shape, it is

supposed the pound was divided into eight parts. A
weight ia inscribed erne on one side, and habebis on the

other. There are pocket long measures, folding up ncrrula--

like our common foot rule, which may throw some light >«""'.

on the length of the Roman foot. Neat copper vases
'~"^^~**'

are supposed to have been measures for grain ; the ca-
pacity of one is 191 cubic inches.

The various implements for writing repeatedly oc-
curred ; and among the pictures is a female apparently
listening to dictation. That the ancients were perfectly
acquainted with the art of making glass is proved by
the varieties discovered in these exfodiations. Consi- Articles ef
derable numbers of phials and bottles, chiefly of an glass,

elongated shape, are preserved ; they are of unequal
thickness, much heavier than glass of ordinary manu-
facture, and of a green colour. Vessels of cut white
glass have been found, and also white plate glass,

which antiquaries suppose was used in lining chambers
called camera; vilreee. Coloured glass, or artificial gems. Artificial

engraved, frequently occur : and the paintings exhibit
^'^™^"

crystal vessels. We may remark in this place, that
any one who studies the antiquities of Herculaneum,
will find his researches greatly facilitated by frequent
reference to the epigrams of Martial, whom nothing
used in ordinary life seems to have escaped.

The beauty and variety of the vases have attracted Vase?.

particular notice, and they serve as excellent models for

the motlerns ; for all the skill of the ancient artists

seems to have been exhausted in their execution. There
is one preserved four feet in diameter of fine white
marble ; others are of earthen-ware or silver, and the

majority of bronze or copper. Some are low, wide, and
flat ; others tall and narrow, plain, fluted, or sculptured.

Sacrificial vases were supported on tripods, whose con-
struction seems to have been attended with equal care.

Some of the latter are richly sculptured with real and
imaginary figures of men and animals. One is orna-

mented with three lions heads, and is supported by as

many paws : another rests on three Priapeian satyrs

of elegant workmanship, or on the feet of eagles. The
god of the gardens seems to have been treated with pe-

culiar regard by the Herculaneans. He appears with
all his attributes, of every possible variety, figure, and
dimensions, in tripods, lamps, and household utensils.

The articles on this subject are so common as to con-

stitute a large branch of curious antiques, concerning

the emblematic use of which we can only entertain

conjectures. Several tripods are very ingeniously con- Ttinodf,

structed, so that the feet may be closed or expanded by
double sets of hinges. Endless diversity and infinite ele-

gance are displayed in the lamps and candelabra, which CandelaWa,

are now affording models for the works of the mo-
dems ; but we do not know whether chandeliers have

been discovered, at least they are so rare, that we may
doubt whether the inhabitants often resorted to lights

from wax or resinous substances. Sometimes a lamp Lamps;
appears as a shell, sometimes as a bird ; then a human
figure, or resembling a quadruped. The vases, lamps,

and tripods were particularly used in sacrifices, several

of which are represented in the pictures ; and among
others, are sacrifices to the Egyptian deities. There ^'"s-

were many funereal urns and sepulchral lamps, such

as those regarding which vague ideas have been enter-

tained as formed for containing perpetual fire.

In regard to sports and pastimes, numerous remains Dice and

render us familiar with those of the ancients. Here we dice-boxef.

find dice, with the same disposal of points on a cube;

and dice-boxes of bone or ivory, like those now used,

besides some of a flattish shape. Several are false, being

loaded on one side : and the manner of throwing the dice
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.i)i]i<'.>v.i on a picture. No musical instrunipiits were found
but the sistruin, which we iiiijicriectly undorstaiul, cym-
bals, nnd flutes of bone or ivory ;ire yet obtained. I low-

ever, a concert is representedon a picture lfSinche!> square,

containinfr a lyrist, a player on a double flute, probably

by a mouth piece, ancl a t'eiiiale apparently singing from

a leaf of music ; besides other two figures. Several

theatrical masks, of diifcrent fashions, were found in

clay ami metal, along with moukls for their formation.

Their use in dramatic representations, regarding which

the reader may consult a work by Ftaoroiii, is well known,
and is the subject of many of the pictures. The theatre,

we repeat, was a favourite resort of the ancients ; and

some ivory tickets of admission, with the author's name,
and that of the piece, are preserveil from Herculaneum.
Rope-dancing is exhibitetl on the pictures, wherein all

the modtm dexterity of playing on musical instruments,

pouring out liquids into cups, and other feats of address

are shewn. The most elegant and graceful of the

Herculaneum pictures are perhaps female dancers sus-

pended as it were among the clouds.

It is to be observed in general, with regard to the

numerous articles relative to this brief detail, that the

quality of the statues infinitely surpasses that of the pic-

tures ; and that the vases, tript>ds, lamps, and candela-

bra, are frequently of the finest workmanship. Of ma-
ny once complete, only fragments at this day remain

;

and while gold, silver, bronze, or clay remain entire,

iron has altogether wasted away.

After a vast collection of antiquities had been made,
the king resolved on publishing a laborious and expen-
sive work, containing engravings of those which ap-

peared most curious. In tne course ot thirty- eight

years, from 1754: to 179^, tliis was accomplished in.

nine folio volumes, including the pictures, bronzes,

lamps, and candelabra : The first is devoted to a cata-

logue, five to pictures, two to the bronzes, and one
to the lucerne. No less than 73B pictures are named
in the catalogue, and the other articles are proportion-

ally numerous. The work was, with royal munificence,

presented to the principal public libraries in Europe;
but, owing to the succession of tlie king of the Sicilies

to the crown of Spain, it is seldom to be seen complete.

At the same time, it has been affirmed, that some of the

engravings of the pictures appear with a perfection and
delicacy which do not belong to the originals, although
their general character be not lost.

In penetrating an apartment of a villa in the neigh-

bourhood of Herculaneum, a number of supposed pieces

of charcoal were carried oif, which, by accidental frac-

ture, exposed the remains of letters, and proved so ma-
ny ancient manuscripts. Here Camillo Patlemi, the

keeper of the museum, buried himself during twelve

days, and succeeded in carrying away 337 manuscripts;

and, by subsequent cai-eful research, the total number
recovered now exceeds 1800. They were in various

stages of decay ; some so much disfigured and oblite-

rated, that nothing could be determined regarding their

nature from the beginning. However, the king insti-

tuted a society for investigating them completely. High
expectations were formed by the European literati, of

the knowledge which would be acquired respecting the

history, the manners,and the customs ofantiquity; more
especially as the materials themselves indubitably re-

mounted to a period of more than Ib'OO years. The
manuscripts consisted of rolls, scarcely a span in length,

and two or three inches in thickness, formed of pieces

of Egyptian papyrus glued together. Some had a label

3
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b front, at onu end of the roll, npoMng Um HnM oflb*
work, or the author, a« it occupied it» pUr* in th« 1|.

brary. Hut the substance (*f the inv^.' .m io

rthe 421m li
crushed togellier, the inl< or jii^ment i-

character iind fadttl r ,

general injury whiili

the heat to which they had U.tu cx|k>m-.

thein seemed at first sight to l>e imp:
cordingly, some snapped asunder like burnt wood,
others flew into fragments, or they expoied iiothiDg.
The assistance of Pinggi, a monk, was obtaiaad Aom
the Vatican, who invented an ingenious metkod af «M^
folding the manuscripts without destruction, by mcMH
of a mechanical apparatus. The process was slow, bot Pmetm af
tolerably certain ; and the first raaniMcript put on the '" !"l<li«>#

machine, being unrolleil in the year 1754, provetl to be "'""•

a treatise in Oreek capitids, written by I'hilodemus, nn
Epicurean philoso|)her, against music, with bis name
twice inscribed at the end, or interior of the roll. S^
milar means were adopted with other manuscripts, ami
they were partly successful. Almost the whole manu-
scripts are in Greek, very few having hitlierto bee«
found in Latin ; and some of the rolls are forty or fifty

feet in length. The entire surtace of the roll is divi-
ded into successive columns, resembling our ordinary
pages, each containing from forty to seventy lines in
difl'erent manuscripts, this being dependent on the sizt

of the roll ; but each line is only about two inches long,
and the column is no broader. In the original state,

therefore, the reader held the roll befiire his eyes with
one hand, while he unwound it with the other, as is

represented by some of the Herculanean pictures. Un-
common difficulties were experienced, from the decay
of the substance, from frequent blanks and obliterations

within, and from the absence of punctuation. Four vo-

lumes, all by Philodemus, were successively unrolled
;

and, in 17fJ0, Piaggi reached a fifth by another author, on
botany. But the king was induced to order it to be
withdrawn, and a sixth volume was put on the ma-
chine, v/here it remaincd,tbirty-six years. After twen-
ty years preparation, the work on music was published,

M'ith illustrations by Mazzocchi, a learned Italian, un-
der the title Ueradanensitim voluminum qua: supersunt,

iomus 1. Napoli, 1793. It must have been anxiety for

publication, not the desire of enlightening tlie world,

tliat led to the selection of this volume, reputed a dull

and controversial |>erformance, which the most inge-

nious commentary is incapable of enlivening. Cicero,

notwithstanding, has called the author optimum et doc-

iissimtim; Piso, the supposed owner of the manuscripts,

derived hi.s philosophy from him, and he was well skilled

in the polite literature of the period. In the course offorty

years from the iliscovery of the manuscrijrts, which were
gradually withdrawn, only eighteen were unfolded.

The accession of Charles, indeed, to tl»e crown of Spain,

and the death of Mazzocchi, had enervated the Hercu-
lanean Society, which was renewed in 1787 by tlie

Marquis Caracioli, and the secretary of state thencefoc^

ward placed at its head. Yet the work advanced very

tardily ; few persons were t-mploye<l, either from the

difficulty or want of interest in its prosecution ; and
it was perhaps totally interrupted by the political

events which disturbed the peace of Eurojje. Mean
time, six of the manuscripts were presented, along with

other Herculaneum curiosities, to Bona{»artt' in IHOii, bv
the sovereign of the Sicilies, in whose reign, indeea,

we believe that both Philodemus and the volume of

Lucerne were published ; and ten volumes are s«id to
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Herculs- have been sent, on some occasion, to the Prince of
neum. Wales.

UMomn" f
^^ length a proposal was made on the part of this

themanu." country, to co-operate with the Neapolitan govern-

scripts, ment on a subject so important to the diffusion of litera-

ture as that ofelucidatingtheHerculaneum manuscripts;

andMr Hayter, chaplain to the Prince of Wales, was ap-

pointed with a regular commission to superintend their

subsequent developement. A parliamentary grant of

£1200 was next obtained to aid its prosecution ; and

Mr Hayter having commenced his operations under

the most favourable auspices in 1802, employed thir-

teen persons in unrolling, deciphering, and transcribing.

Some improvements seem to have been attempted in

the evolution of the manuscripts by a chemical pro-

cess ; but of those subjected to it, we are told that

" the greatest part of each mass flew under this trial

into useless atoms ; besides, not a cliaracter was to be

discovered upon any single piece : the dreadful odour

drove us all from the museum." Mr Hayter continued

his ojierations from 1802 to 1806, during which time

he affirms, that more than 200 papyri had been opened

wholly or in part, and he calculated that the remainder

would have been unrolled and copied within si.x: years

farther at latest. But as to the precise nature and de-

scription of these manuscripts, the accessions which li-

terature has gained or would gain by the work, we
are only informed that certain fac similes of some books

of Epicurus were engraved.

It cannot but be considered particularly unfortunate

that the public expectation, so repeatedly excited re-

garding what are to appearance among the most in-

teresting memorials of antiquity, should be as often

disappointed. Admitting svery possible difficulty, and
all the opposition which might have been experienced,

unquestionably there were sufficient materials to make
a specific report regarding the state and description of

the manuscripts, towards the developement of which
the public had so liberally contributed.

In ISOG, during Mr Hayter's operations, it became
necessary to evacuate Naples ; but the existing govern-
ment acquainted him, that the king had prohibited the

removal of the manuscripts ; and in the fliglit of the

court, every thing was abandoned to the French, who
seem to have continued the assistants in unrolling and de-
ciphering as before. From the opposition which Mr
Hayter experienced, he could do nothing more than
retire with some of the fac similes to Palermo, where it

appears he superintended engravings of them. Yet
misunderstandings with the secretary of state prevent-
ed him from procuring a complete copy of the whole,
until the British ambassador interfered.
• Ninety-four fac simile copies were then obtained,

partly engraved it would seem, and partly in manuscript
These were carried toEngland by Mr Hayter on his final

recal in I8O9, and presented by the Prince Regent to the
university of Oxford. However, a very confused and
indistinct account of the whole of this matter has reach-
ed the public, which compels us to be thus brief regard-
ing the history of the Herculaneum manuscripts.

Perhaps it may ultimately be found that they are less

worthy ofnotice than was anticipated, particularly if we
are entitled to form any judgment regarding the rest,

from the inconsiderable portions that have already been
published. See Antichita d'Ercolano, 9 vols, in folio;

Bayardi Prodromo delle Antichita d'Ercolano;—Nolizie,
del Sciiprimenlo deW Anlichila cilia d'Ercolano; Venuti
Descrizimie dsUeprime scoperle deWAiiticka cilia d'Eico-
iano ; Murr de Papijris Hercidanensilms ; Drummond

and Walpole Herculanensia ; Hayter, Letter and Re*
port on the Herculaneum Manuscripts ; Philosophical

Transactions for 1751, 1753, 1754, 1755, 1756; and
Sir W. Hamilton Campi Phlegrm, p. 58. (c)

HERCULES, one of the most illustrious heroes of
antiquity, and the first of the Dii Minorum Gentium,
or demi-gods. He was descended from the kings of
Argos ; but in the Pagan mythology, he is said to have
been the son of Jupiter by Alcmena, the wife of Am-
phitryon, king of Thebes. The period of his birth is

uncertain: Herodotus places it about the year 1282,
before the commencement of the Christian sera ; and in
Blair's Chronological Tables, his death is placed in the
year 1222 B.C.
The history of this celebrated personage consists of

a tissue of prodigies. His first, or what may be called
his infantine, exploits, were his strangling two serpents,
which were sent to desti-oy him in his cradle ; and his
killing a large lion, near his native city, I'liebes. Next
come those adventures, which are commonly known
by the name of his twelve labours, undertaken by or-
der of Eurystheus, and of a decree of the Delphian
oracle, as it is said, by way of expiation for the crime
of killing the three children which he had by his wife
Megara, and in order to acquire immortality. The
first of these was his combat and victory over tlie Cleo-
nsean lion, in the forest of Nemaea ; the second, his

conquest of the hydra, by which he is said to liave

cleared the fens of Lerna near Argos, of the serpents
that infested them, and which seemed to multiply as
fast as they were destroyed ; the third, his destruc*
tion of the Erymanthian boar ; the fourth, his slaying
the brazen-footed stag on Mount Menalus ; tlie fifth,

his shooting the harpies, or stymphalides ; the sixth,

his cleansing the stables of Augeas ; the seventh and
eighth, his destroying the Cretan bull, and Diomede,
the barbarous tyrant of Thrace, with his horses or mares
who were fed on human flesh ; the ninth, his combat
with Gcryon, who is generally represented with three

bodies ; the tenth, his conquest of the Amazons ; the
eleventh, his dragging Cerberus up from the infernal

regions ; and the last, his killing the serpent, or dragon,

and carrying off the golden fruit from the garden of the

Hcsperides. The remainder of his exploits were those

which he undertook voluntarily ; such as his slaying

the giant Antaeus, and Cacus, the notorious robber of
Italy, fixing pillars in the Tretum Gudiianum, or

Straits of Gibraltar, &c. It would appear, that this

redoubted champion was by no means insensible to

the influence of the tender passion, or proof against

the allurements of vicious pleasure. The principal

scene of his effeminacies was in Asia, whilst he lived

with Omphale, queen of Lydia; and he at length fell

a sacrifice to the jealousy of his wife, Deganira, who,
dreading the influence of his passion for lole, tlie

daughter of Eurytus, king of iEchalia, poisoned his

robe, so that he died in great agonies on Mount Oiita.

Ovid represents him as preparing his own funeral pile,

and laying himself upon it with great composure.

Such is the substance of the traditional histories of

this celebrated hero of antiquity, whose adventures

have afforded ample materials to the sculptor and the

poet. These traditions seem to contain a mixture of

truth and fable. It appears from ancient authors, that

there were several individuals of the name of Hercules,

whose heroic actions were probably exaggerated, and
ascribed to one man ; and to him, as his fame increasetl

and spread abroad, was likewise transferred the credit

of all great and valorous enterprises, the authors of

I
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whieli were unknown. Thus the Theban Hercules be-
came, as it were, the representjitive of herol-iin and man-
ly virtue, according to tlie notions of antiquity. Ac-
cordingly it ha.s been observed, that none even of the
twelve great pagan deities have so many monuments
relating to them, as Hercules. The i'amous statue,

called the Farnese Hercules, is well known. The hero
is there represented as resting after the last of his

twelve labours, leaning on his club, and holding in his

hand the apples of the Hesperides. In this, and in all

the other figures of him, he is formed, by the breadtli

of his shoulders, the spaciousness of his chest, the

largeness of his size, and the firmness of his muicles,

to express prodigious strength, and a capacity of endu-
ring great fatigue. His other attributes are his lion's skin,

his club and his bow. See I'late CCXXXH'. Fig. 2.

Hercules was peculiarly honoured among tlie Greeks,

by the epithet of Musagelcs, the conductor of the Muses ;

and among the Romans, by tliat of Hercules Musarum.
In reference to these titles, he is represented, on medals,
with a lyre in his hand ; and the reverse is marked
with the figures of the nine Muses, with their appro-
priate symbols, (z)

HEREFORD is a town of England, in the hundred of
Grirasworth, 135| miles W. N. W. from London. It is

situated on the left bank of the river Wye, over which it

has a stone bridge of six arches, constructed in the 15th
century. The streets are in generalwide: the inns are par-

ticularly good, one or two of them being equal to any in

the kingdom. The public buildings particularly worthy of
notice, are the cathedral, bishop's palace, college, county
gaol, and theatre. The general plan of the cathedral is

that of a cross. The interior is very interesting, though
not nearly so much so as it was before the removal of
the sepulchral memorials, painted glass, &c. The see

of Hereford comprehends Herefordshire, and part of
Shropshire. It is rated in the king's books at £ 768 :

its real value is supposed to be about £3000. The ci-

vil government of the city is vested in a mayor, six

aldermen, a common council consisting of 31 mem-
bers, an high steward, and a recorder. It returns two
members to Parliament, the right of election being
vested in the citizens and freemen, to the number of
about 1200. The situation of this city, on the banks
of the Wye, would be extremely favourable to its

trade, if the navigation of that river were less preca-

rious. The principal manufacture carried on is gloves.

Cyder, grain, and oak bark, are conveyed in consider-

able quantities down the river to Bristol and otiier

places ; and by means of the same navigation, the city

is supplied with coals from the forest of Dean. This
city suffered much during the wars between the houses
of York and Lancaster, and also during the wars be-

tween Charles and his parliament. In 1803, its popu-
lation was 6828 ; in 1811, it amjunted to 7306. See
Duncombe's Agriculture of' Hereford ; Beauties of Eng-
land and Wales, vol. v. ; and Mai'shall's Rural Economy
of Gloucestershire, S(C. vol. ii. p. 221, &c. (w. s.)

HEREFORDSHIRE is an inland county in the

west of England, and on the borders of Wales. It is

situated between Si* 53' 7", and 52" 29' 4-3" North
Latitude, and 2° 28' 30" and 3° VJ' 32" West Longi-

tude from London. It is bounded on the nortii by
Shropshire ; on the west by the counties of Radnor and
Brecon, from the latter of which it is separated by the

Hattercl Hills, or Black Mountains ; on the south by
Monmouthshire and Gloucestershire, being separated

from the former by the river Wye, and from the lat-

ter, partly by the river Muunow ; and on tlie east it is

VOL. X. P.^RT 11.
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bounded by Wore '

It;, outline fomu nearly llm«i»^
a circle, but its < uce in miwlr irrpgukar by **>"*

many windings and iiuhntulion*. T' •. from '""'V™^
Ludford on the north, to the oppo .

Monmouth on the south, is .-JS mile* ; ai.

ford on the West, to Cradley on tiic cn«t
Some deUched parU are situated beyond tlip K«)»-rni
outline

; the parish of Farlow Iwing wholly inviiliited
by Siiropshire—that of Roi;hford by Worce»ter»liire

;

Lytton hill by Radnorshire; and a considerable tract of
laud, called the Futhog. by .Monmouthshire. Accord-
ing to the original report to the Hoard of Agriculture, •'•'"*••

the gross numl)er of acres is 781, i40 ; but in Mr Dun-
combe's report they are stated to l>e only 600,fK>0. In
tlie returns to Parliament res;)ecting the poor ratcn,
they are stated at 621,4.40; while Mr Marshall esti-
mates them so higli ;is 800,000. On the supposition
that there are 600,000 acres, which is the most pro-
bable, it is computed that 30,000 are the sites of towns,
roads, water, &c. and 50,000 waste lands and woods

;

hence there are about 520,0U) acres of cultivated
ground ; a much larger proportion than most of the.
other counties of England contain.

Herefordshire is divided into eleven hundreds, viz.
Broxash, which contains 26 parishes ; Ewias Lacey,

'^"™***

which contains seven parishes ; Greytree, which con-
taiijs 17 parishes; Grimswortli, which contains 23 pa-
rishes; Huntingdon, which contains eight parishes;
Radlow, which contains 24 parishes ; Strctfonl, which
contains 15 pi.rishes j Webtree, which contains 27 pa-
rishes; Wigmore, which contains 14 p.irishes; WoU
phey, whicli contains 24 parishes ; and Wormelow,
which contains 30 parishes; making in all 215 parishes,
besides six parishes in the city of Hereford. Besides
this city, which is also the county town, there are in
Herefordshire two borough towns, Weobley and Leo-
minster ; and five other market-towns, Ross, Ledbury,
Kington, Bromyard, and Perabridge. It returns eight
members to parliament, viz. two for the county, two
for the city, two tor Leominster, and two for Weobly.
It is in the province of Canterbury, and diocese of
Hereford, and in the Oxford circuits.

The general aspect of this county is extremely beau- _ . ,

tiful ; its surface is finely diversified, and broken by jj^^..
swelling heights in such a manner as to resemble the
more central parts w" Kent ; no wide open vale, nor
any extensive range M" hills, appear in the north-wes-
tern quarter ; some separated links of the Welch raoim-
tains rise above the hillocks and minor hills which are

scattered over the rest of the county. In short, Here-
fordshire may l)e said, without exaggeration, to be alto-

gether beautiful. From many of the elevations, the prw-
}iects are uiicomiuonly fine ; rather rich and luxunant,
however, than grand, or even picturesque. The fo-

rest prospects are from the Malvern hills on the east,

and the Hatterel, or Black Mountains, on the west.

It is equally favoured in respect to soil, which is SaiL

everywhere fertile; no watery bottoms, nor thin-soiled

barren hills, except perhaps in the northern and west-

ern outskirts ; every other part is uniformly protluc-

tive. The eastern side of the county is mostly a stitf

clay, of great strength and tenacity ; for the most part

red, but in some places of the ordinary colour. The
western side is lighter, but still a productive soiL The
county is clothed in almost perpetual verdure : on every

side luxuriance of vegetation is exhibited, in widely

extended cum fields, rich orchards, expaniive mea>
(lows, and fiuurishing plantations. The »ub>oil, as well

ns tiic soil, contributes to this wonderful and almotft

5
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Hereford-

shire.

Bivers.

Wye.

;Lugg.

Tcme.

Leddon,

Arrow,

Canals.

unrivalled fertility. It is mostly limestone of differ-

ent qualities. In some parts, particularly near Snod-

hill castle, it assumes the appearance and properties of

marble, being beautifully variegated with red and white

veins. Deep beds of gravel are occasionally met with

in the vicinity of the city of Hereford, and the subsoil

of several of the hills is of siliceous grit. Fullers

earth is sometimes dug near Stoke ; and red and yel-

low ochres, with tobacco pipe-clay, are found in small

quantities in various parts of the county. Iron ore has

been met with on the borders of Gloucestershire, but

none has been dug for many years.

The principal rivers in Herefordshire are the Wye,
the Lugg, the Munnow, the Arrow, the Frome, the

Teme, and the Leddon. The Wye, so highly and de-

servedly celebrated for its picturesque beauties, enters

Herefordshire near Clifibrd. Between Whitney and
Hereford, its general character is mild and pleasing,

consisting of delightful reaches, with the most agree-

able landscapes and luxuriant sceneiy on both sides.

From Hereford to Ross its features occasionally assume
greater boldness ; but, at the latter town, it resumes
the brightness and rapidity of its primitive character,

and foi-ms the admired bending seen from the church-
yard of Ross. Beneath the arches of Welton bridge it

flows through a charming succession of meadows : the

peninsula of Symond's rock succeeds, round which the

river flows in a circuit of seven miles, though the op-

posite points of the isthmus are only a mile apart. New
and pleasing objects now rapidly succeed one another;
and the romantic village of Wliitchurch, stupendous
hills, and hanging rocks, exhibit a rare union of what
is grand, beautiful, and picturesque. Shortly after-

wards, the Wye quits the county and enters Monmouth-
shire. This river is navigable to Hereford in barges
from 18 to 40 tons ; but either a large or small supply
of water is fatal to the navigation. The* Lugg, which
rises in Radnorshire, enters Herefordshire on tiie north-
west side : near Stapleton castle, below Leominster, it

is joined by the Arrow and the Frome. Soon after its

junction with the latter, it falls into the Wye. The
Munnow rises on the Herefordshire side of the Hatterel
mountains ; and, after many windings, forms the boun-
dary between the county and Monmouthshire, till it

quits the former. The Teme enters Herefordshire a
short distance north-west from lJ>-»mpton Bryan, but it

soon enters Shropshire ; thence "Sgain it enters Here-
fordshire, but soon leaves it for Worcestershire, where,
having made a considerable circuit, it once more flows
on the borders of this county, after which it falls into
the Severn. The Leddon rises on the east side of Here-
fordshire, and after running south, and giving name
to the town of Ledbury, it flows into Gloucestershire,
and unites with the Severn. The Arrow enters Here-
fordshire from Radnorshire, and, flowing to the east,
falls into the I^ugg near Leominster.
The inland navigation of this county is very imper-

fect. The Hereford and Gloucester canal, which was
begun in 1791, is not yet completed. 'It begins at
Hereford, and is to fall into the Severn near Glouces-
ter. Its totJil length is to be 35 miles 5 furlongs. At
the beginning of it is a tunnel of 440 yards, and ano-
ther about the middle of the summit 1320 yards long.
The Kingston and Leominster canal begins at the for-
mer place, crosses the Lugg, and afterwards the Teme,
and is to unite with the Severn near Stourport in Wor-
cestershire. The total length is to be 45 miles : on it

there are two tunnels, one of 1250, and the other of
3850 yards.

Hereford-

shire.

State of

property

The greatest estates in this county, belong to Guy's
Hospital, the Duke of Norfolk, the Eai-ls of Ox-
ford and Essex, Sir George Comerall, R. P. Knight, Esq.

&c. In that part of the hundred of Wormelow, called

Irchenfield, the tenure of gaval-kind prevails, by which,
in cases of persons dying intestate, landed property de-
scends in equal divisions to all the sons. In the manor
of Hampton-Bishop, which belongs to the see of Here-
ford, the tenure of borough-english prevails, by which
the youngest son succeeds to the exclusion of his bro-
thers. Copyhold property is not so common in this as

in many other counties of England. Leasehold estates

are more common. They are for the most part held un«
der the dean and chapter of Hereford, the corporation

of that city, &c. It is estimated, that two-thirds of the
j

whole county is freehold, and the remaining third un- ]

der the other tenures. The size of farms varies from '.

200 to 400 acres.

The produce of Herefordshire is uncommonly vari- Produce. ^

ous. In a general view, however, it may be regarded '

as a com county. The bottoms nevertheless furnish j

great quantities of grass ; and the sides of the hills pro-
]

duce in great abundance, and of excellent quality, most
,

kinds of woods, especially oak. The immediate banks ,

of the vallies, and the skirts of the higher hills, are co-
j

vered with orchards. The objects of husbandry are
;

principally cattle, sheep, swine, corn, hops, and fruit •

liquor ; but two products render Herefordshire particu- '

larly famous, its cyder and its wool. <

The principal cultivated lands are under tillage. The Wheat, &c\
wheat grown in the vales, in the vicinity of Hereford, ]

and thence through the clays towards Ledbury, is of a ',

remarkably fine quality. The lighter lands produce ex-
j

cellent barley. Ross is the centre of the principal bar- .

ley district. Oats are grown in most abundance on the
j

borders of Wales, and on the eastern confines of the
j

county. Neither turnips, nor artificial grasses, are suf- ',

ficiently attended to.
;

The most fertile meadows lie on tlie banks of the

Wye, Frome, and Lugg. For fattening cattle, they can-

not be exceeded ; but Herefordshire has no preten-

sions to rank among the dairy counties. Mr Knight

has proved by experiments, that equal quantities ofmilk

in Herefordsliire and Cheshire will produce unequal

quantities of curd, highly to the advantage of the latter

county.

Considerable quantities of hops are grown in this

county, particularly about Bromyard, in that part of

Herefordshire, bordering on what may be called the

hop district of Worcestershire. They are of two kinds,

the white and the red ; but the former are the most de-

licate, and are preferred by the buyers.

Plantations of fruit trees are found in every aspect,

and on every soil; but the most approved site is that

which is open to the south-east, and sheltered in other

points, but particularly in the opposite directioii. The
period when the orchards of this comity acquired the

high character which they still retain, seems to have

been the reign of Charles I. when, according to Evelyn

in his Pomona, by the noble exertions of Lord Scuda-

more of Holm Lacey, and other gentlemen, Hereford-

shire became in a manner " one entire orchard." Of
the apples that are cultivated, there are various kinds,

yielding liquors of different quality and strength. The

Styre cyder is remarkable for a strength and body unu-

sual to this liquor, and keeps very well. The pears

most in estimation are the Squash, so called from the

tenderness of its pulp; the sack pear, the red pear,

and the Longland, Every pear tree when nearly fully

Meadows.

Hop$.

Orcliards I

and fruit- '

liquor. :
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netffonl. grown, will nflbril an annual average produce ofSO gal- 1785, a« returned under the Mme auUiority, wm »t«tad "nitml

sliirf. Ions of liquor. Many single trees in this county have atJt;iG,727. In the year 1805. Mr Duncomlie ertima- "W*^
'^—^^"^ produced a hogshead in one season ; and nn extraordi- ted them at ^20,000. By a return made to the Houae **"^-

nary tree growing on the glebe land in the parish of of Coininoni in I'ebruary 1 806, containing an acocmnt " »
^"^

Holm Lacey, has more than once filled 15 hogsheads in of all money raiseil by poor'* rate* or other rate or
one year. In other respects, this is a most extraordina- rates, in tlic several counticB of England and Wale*, io
rj tree; for its branches becoming long and heavy, the year ending S5tli of March 181.5, it appean that
their ends fell to the ground, where they took root, each 2+;5 jiarishes, and places in Herefordshire, paid nndar
branch becoming as it were a new tree, and in its turn these rates the »um of £81,182 : sixteen pariahta or
producing others in the same way. Nearly halfan acre places had made no return,

of land is covered with this tree. The earliest inhabitants of thia county of whom we Hiturj.
The produce of an acre planted with apple trees, will have any notice, were the Silures ; after a long and

generally be found nearly one-third less than the pro- strenuous opposition to the Romans, they were subdued
duce of pear trees on the same space; but the fbrmer in the 7.^d year of the Christian era. Under the hep-
begin to bear at an earlier age. As an object of sight, tarchy, Herefordshire fonne<) part of the kingdom of
the pear tree is far superior. The orchards are of vari- Mercia, and was the last which submitted to the Saxon
ous sizes, from 4 or 5 to 30 or 40 acres. The principal authority.

markets for the fruit liquors of Herefordshire, are Lon- According to the act of 43 George III. for taking popa^uion.
don and Bristol. From the latter, great quantities are an account of the population of Great Britain, the
sent to Ireland, to the East and West Indies, and tofo- number of inhabitants in the year 1801 amounted to
reign countries, in bottles. The principal part of the 89,191. The following is the result of the populatioa
liquor is bought immediately from the press by the returns in 1811 :

county dealers. They prefer it in that state, in order ij •
v, i

•
i

that the fermentation and subsequent management may Houses mhabited 18,.572

take place under their own direction. Famd.es mhabiUng them .... 20,081

Cade. In the opinion of Mr Marsliall, the Herefordshire Houses buildmg 154

breedofcattle, taking it all in all, may, without risk, be
Houses unmhabited

. ..... 724

deemed the first breed of cattle in the island. Those of
Famdies emnloyed m agriculture

. 12,599

Devonshire and Sussex approach nearest to them in ge- };!^'° 1" ', ^ ,•.

^'^tt
neral appearance ; but they are of a larger size, and an H'\'° '" ""'*'' '"^^^

dfi'tn*
athletic form. The prevailing colour is reddish brown, pi at «yi
with white faces. As beasts of draught, their form is

temales 47,669

nearly complete ; and the females at least fat kindly at rr- .. i • i. i v. . 77717
an early age. In Herefordshire, working oxen are the ^°^' mhabitants 94,073

principal object of breeding. Half the plough teams '^' ^'i

are of oxen, and they are also used frequently in car- HERESY, (Lat. Hieretis, Or. »ifnrif> from »i(ui, 1
riages. Tliey are bred chiefly in the north-western chusc,) signifies an error in some essential point of
quarter of the county ; but more or less in every other Christian faith, publicly avowed, and obstinately main-
quarter, except the Ryeland. The most valuable col- tained ; or, according to the legal definition, Senieittia

lection of cattle to be seen out of Smithfield, are often icrum divinanim liumano schsu excogilnia, palam docta,

met with at the Hereford Michaelmas fair. el pfitinaciter defensa. Particular modes of belief or

cp. This county has long been celebrated for a peculiar unbelief, therefore, which have no tendency to overturn
breed of .slieep, called the Ryeland breed, from an inde- Christianity itself, or to sap the foundations of morality,

terminate district in the southern quarter of the county cannot be held as falling within the alwve definition,

which goes by the name of Ryeland, on which this It is properly the obstinacy, and not the error, that is

breed of sheep are principally reared. Tliese sheep arc considered as constituting the character of heresy,

remarkable for the sweetness of tlieir mutton, but still When a man embraces any opinion, however erroneous,

more so for the fineness of their wool : they are a small but is at the same time humble and ingenuous, ready

white-faced, hornless breed, their form being extremely and desirous of receiving farther light and instruction,

beautiful. In the management of the store flocks of this and of giving its due weight to every argument that is

breed, what is provincially termed a col is used : this urged against him, he is not guilty of heresy. Errare
is a building in wliich they are shut up during the possum, lioereticus esse nolo, is a celebrated maxin of St

night, instead of being folded in tlie open field. The Augustine.
Merino has been crossed witli this breed to great advan- Among the ancients, the wortl heresy appears to have
tage. Leominster is the principal wool market in the had nothing of that odious signification, which has boen
county, hence Leominster wool has long been famous. attached to it by ecclesiastical writers in later times. It

Hoads. The roads in Herefordshire, even so late as 1788, only signified a pecuUar opinion, dogma, or sect, with-

when Mr Marshall visited the county, were very bad, out conveying auy reproach ; being indifferently used,

indeed proverbially bad ; but since that time they have either of a party approvetl, or of one <lis«pproved, by
been much improved. the writer. In this sense, they spoke of the heresy of

Manufac- There are no manufactures of any extent or conse- the Stoics, of the Peripatetics, Epicureans, &c nMan-

tures. quence in the county ; for the manufactures of gloves ing the sect, or peculiar system, of these pliitocophcn.

and flannel in Hereford, and of cloth at Ledbury, are In the historical part of tlie New Testament, the won*
by no means so important as to deserve particular seems to bear very nearly tlie same signification, being

notice. en)ployed iiidiacriminately to denote a sect or party.

The returns made under the act of the 26 George III. whether good or bad- Thus we read of the sect as h».

report the riet expences for maintaining the poor resy of the Saddocees, of the Pliarisees, oi the Nai**

throughout the county, in the year 1776, to have been renes, &c. See Ads v. 17, ch. xv. 5. ch. xxiv. &.ch.uivi.

^£10,393. The average of the years ITS."?. 1784, and 5. ch. xsviii. 22. In the two former of tliese poMgc*.
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lIcTcsy. the term keresi/ seems to be adopted by the sacred his-

""^i^"' torian merely for the sake of distinction^ without the

least appearance ofany intention to convey either praise

or blame. In Acts xxvi. i, 5, Paul, in defending him-

self before king Agrippa, uses the same term, when it

was manifestly his design to exalt the party to which

he had belonged, and to give their system the prefe-

rence over every other system of Judaism, both with

regard to soundness of doctrine, and purity of morals.

It has been suggested, that the acceptation of the

word aijso-if, in the Epistles, is different from what it

has been observed to be in the historical books of the

New Testament. In order to account for this diffe-

rence, it may be observed, that the word sect has al-

ways something relative in it ; and therefore, although

the general import of the term be the same, it will con-

vey a favourable or an unfavourable itlea, according to

the particular relation which it bears in the application.

Wiien it is used along with the proper name, by way
of distinguishing one party from another, it conveys

neither praise nor reproach. If any thing reprehensi-

ble or commendable be meant, it is suggested, not by
the word at^ini itself, but by the words with which it

stands connected in construction. Thus we may speak

ofa strict sect, or a lax sect ; or of a good sect, or a bad
sect. Again, the term may be applied to a party form-

ed in a community, when considered in reference to the

whole. If the community be of such a nature as not to

admit of such a subdivision, without impairing and cor-

rupting its constitution, a charge of splitting into sects,

or forming parties, is equivalent to a charge of corrup-

tion in that which is most essential to the existence and
welfare of the society. Hence arises the whole diffe-

rence in the "word, as it is used in the historical part of

the New Testament, and in the Epistles of St Peter and
St Paul ; for these are the only apostles who employ it.

In the history, the reference is always of the first kind ;

in the Epistles, it is always of the second. In these

last, the apostles address themselves only to Christians,

and either reprehend tliem for, or warn them against,

forming sects among themselves, to the prejudice of

charity, to the production ofmuch mischief within their

community, and of great scandal to the unconverted
world without. In both applications, howevei', the ra-

dical import of the word is the same ; and even in the

latter, it has no necessary reference to doctrine, true or

false.

During the early ages ofChristianity, the term heresy

gradually lost the innocence of its original meaning, and
came to be applied, in a reproachful sense, to any cor-

ruption of what was considered as the orthodox creed,

or even to any departure from the established rites and
ceremonies of the church. In the present article, we
do not intend to enter into a minute history of the va-
rious heresies, which have at different times disturbed

the repose of the church, and given occasion to perse-

cutions, which are revolting to the milder genius ofmo-
dern times. All that we propose, is to give a short

view of the progressive doctrines of the law ujwn this

subject.

In our definition of the word heresy, we have mark-
ed the essential character of the offence, as it falls under
the view of the law. In the law of England, however,
it seems difficult to determine precisely what errors

amount to heresy, and what do not. By our ancient
constitution, this was left generally to the determina-
tion of the ecclesiastical judge, who, in this respect, had
a most arbitrary latitude allowed him. For the gene-
ral definition of an heretic given by Lyndewode, [ch]).

de Hxreticis,) extends to the slightest deviations from Heresy,

the doctrines of the holy church : hccreticus est qui dit-

hitat dejide Catholica, et qui ncgligit scrvare ea, quce Bo-
mana ecclesia stafuit, sen scrvare decreverat. Or, as the
statute, 2 Hen. IV. c. 15, expresses it in English;
" Teachers of erroneous opinions, contrary to the faith

and blessed determinations of the holy church." Very
contrary this to tlie usage of the first general councils,
which defined all heretical docti-ines with the utmost
precision and exactness. And the uncertainty of the
crime, wiiich ought to have alleviated the punishment,
seems to have enhanced it in those days of blind zeal
and pious cruelty. It is true, that the sanctimonious
hypocrisy of the Canonists, went at first no farther than
to enjoin penance, excommunication, and ecclesiastical

deprivation, for heresy ; though afterwards they pro-
ceeded boldly to imprisonment by the ordinarj', and
confiscation of goods in pins nsvs. But, in the mean
time, they had prevailed upon the weakness of bigot-
ted princes, to render the civil power subservient to
their purposes, by making heresy not only a temporal
but even a capital offence ; the Romish ecclesiastics

determining, without appeal, whatever they pleased to

be heresy, and shifting off to the secular arm the odi-

um and drudgery of executions, with which they them-
selves were too tender and delicate to intermeddle.
Nay, they even pretended to intercede and pray, on
behalf of the convicted heretic, id citra mortis pcriculitm

sentenlia circa cum moderetiir ; (Decret. 1. 5.'t. 40. c. 27.)
well knowing at the same time, that they were deliver-

ing the unhappy victim to certain death. Hence the
capital punishments inflicted on the ancient Donatists
and Manichapans, by the emperors Theodosius and Jus-
tinian, (Cod. 1. 1. tit. 5.) ; hence also the constitution of
the emperor Frederic, mentioned by Lyndewode, (cap.

de H(treticis,')!i(\i\u]gmg all persons, without distinction,

to be burnt with fire, who were convicted of heresy by
the ecclesiastical judge. The same emperor, in ano-
ther constitution, ordained that if any temporal lord,

when admonished by the church, should neglect to

clear his teiTitories of heretics within a year, it should
be lawful for good Catholics to seize and occupy the

lands, and utterly to exterminate the heretical posses-

sors. And upon this foundation was built that arbitra-

ry power, so long claimed, and so fatally exerted by the

Pope, of disposing even of the kingdoms of refractory

princes to more dutiful sons of the church, which form-
ed a fruitful source of contention and animosity during
the dark ages of Europe.

VVhile Christianity was thus deformed by the demon
of persecution upon the continent, it was not to be ex-

pected that our own island should be left entirely free

from the same scourge. Accordingly, we find among
our ancient precedents a writ de hwretico comhtrendo,

which is thought by some to be as ancient as the com-
mon law itself. It appears from thence, however, that

the conviction of heresy by the common law, was not

in any petty ecclesiastical court, but before the arch-

bishop himself in a provincial synod ; and that the de-

linquent was delivered over to the king, to do as he

should please with him ; so that the crown had a con-

troul over the spiritual power, and might pardon the

convict, by issuing no process against him ; the writ de

lia'retico comburendo being not a writ of course, but is-

suing only by the special direction of the king in coun-

cil.

But in the reign of Henry IV. when the eyes of the

Christian world began to open, and the seeds of the

Protestant religion (under the opprobrious name of



HERESY. 749
Heresy. Lollardy) took root in tliis kinfrdom, the clcrcy, avnil-
'"""y^ ing themselves of the kui>;'s dubious title to iIcmRnd an

increase of their own power, obtaiiicfl nn lut of parh'a-

nicnt, (2 Hen. IV. c. 1 J.) wliich shaq>ene<l the etlge of
persecution to its utmost keenness. By that statute,

the diocesan alone, without the intervention of a synod,

inif;(ht convict of heretical tenets ; and unless the con-

vict abjured his opinions, or if after abjuration he re-

lapsed, the sherill' was bound ex officio, if required by
the bishop, to connuit the unhappy victim to the flames,

without waiting for the consent of the crown. Ano-
ther and subsequent statute {'2 Hen. V. c. 7.) made
LoUardy also a temporal offence, and indictable in the

king's courts ; which did not thereby gain an exclusive,

but only a concurrent jurisdiction witlithe bishop's con-

sistory. When the final reformation of religion began

to ad\'ance, the posver of the ecclesiastics became some-
what moderated ; for although what heresy is, was not

then precisely defined, yet we are told, in some points,

what it is not. Thus the statute 2.5 Hen. VHI. c. 14.

declares, that offences against the see of Rome are not

heresy ; and the ordinary is therel)y restrained from
proceetling in any case upon mere suspicion ; that is,

unless the parly be accused by two credible witnesses,

or an indictment of heresy be first previously found in

the king's courts of common law. Yet the spirit of per-

secution was not then abated, but only diverted into a

lay channel. For in six years afterwards, the bloo<ly

law of the Six Articles w^as introduced by the statute

31 Hen. VI II. c. I*, which established the six most
contested points of Popery, viz. transubstantiation, com-
munion in one kind, the celibacy of the clergy, monas-
tic vows, the sacrifice of the mass, and auricular con-

fession. These points, it seems, were " determined

and resolved by the most godly study, pain and travail

of his Majesty ; for which his most humble and obe-

dient subjects, the lords spiritual and temporal, and the

commons, in pai'liament assembled, did not only render

and give unto his highness their most high and hearty

thanks," but did also enact and declare all oppugners
of the first to be heretics, and to be burnt with fire; and
of the five last to be felons, and to suffer death. The
same statute established a new and mixed jurisdiction

of clergy and laity, for the trial and conviction of he-

retics ; the reigning monarch being then equally in-

tent in destroying the supremacy of the bishops of

Rome, and confirming all the other corruptions of the
C'hristian religion.

Passing over the detail of the various repeals and re-

vivals of these sanguinary laws in the two succeeding

reigns, we shall proceed directly to the period of the

final establishment of the Reformation in the reign of

Queen Elizabeth. By statute 1 Eliz. c. 1. all former

statutes relating to heresy are repealed, which leaves

the jurisdiction of heresy as it stood at common law :

viz. As to the infliction of common censures in the ec-

clesiastical courts; and, in case of burning the here-

tic, in the provincial synod only ; or, according to Sir

Matthew Hale, in the diocesan also. But, in either case,

it is agreed, that the writ de hceretico comburendo was
not demandable ofcommon right, but grantable or other-

wise merely at the king's discretion. 1 Hal. P. C. 405.

The principal point, however, was now gained ; for by
this statute a boundary is, for the first time, set to what
shall be accounted heresy, which is restricted, for the

future, to such tenets only which have been heretofore

so declared by the words of the canonical scriptures,

or by one of the fust four general councils, or by such

other councils as have only used the words of the Holy

.Scriptures, or which shall hereafter be »o drrlnrrtl by
the |Nirliamrnt, with the assent of the cler(jy in convo.
cation. For the wiit t(r hcrrrlico coml/iirrntfo reinnini-H

still in force ; and there are innt.incru of it» I"
'

i

execution upon two Anabaptistii in the nevi t°

Elizabeth, and upon two Arians in the ninth ni .liimri

I. Rut this odious writ was at length totally alKili^hcd,

and heresy again subjected only to ecrli'

tion, pro salute anima, by virtue of the >i I

.

c. 9. The matter, therefore, is now brougiit iiit.i iti

proper situation, with rcpect to the .«piritunl cogtii-

zance and spiritual punishment of hen <. jht.

haps, that the crime itselfought to Im- i ly de-

fined, and no prosecution permitted, even in tliu eccle-

siastical courts, until the tenets in question are, by pro-

per authority, previously declared to l»e heretical. Un-
der these restrictifins, it seems necessary for the «up()o^

of the national religion, that the officers of the church
should have power to censure heretics, yet not to ha-

rass them with temporal penalties, much le«8 to exler*

minate or destroy them.
The fury of persecution, indeed, hai* been greatly al-

layed, both by the prntlence .iiid tlie humanity ofn oi < ni

times; and the gradual repeal of the ravage liws en. ct-

ed against heretics, as well as the mitigation of ciui !ty

in the legal punishments which were devised by Iwr-

barous ages, must be considered as a natur.il consequence

ofthe advancement of civilization. With reganl to one
species of heresy indeed, the legislature still thought it

proper for a long while, that the authority of the civil

magistrate should be interposed. For by tlie statute 9
and 10 VV. III. c. .^2. it was enacted, that if any person

educated in the Christian religion, or professing the

same, should by writing, printing, teaching, or advised

speaking, deny the Christian religion to he true, or the

Holy Scriptures to be of divine authority, or deny any

one of the persons in the Holy Trinity to be Gotl, or

maintain that there are more gotls than one, he should,

upon the first conviction of professing his peculiar doc-

trines, be rendered incapable of enjoying any office or

place of trust, civil or military, as well as ecclesiastical

;

and upon a second conviction, he should be disqualified

from bringing any action, or from being guardian of

any child, executor, legatee, or purchaser of lands, and

besides suffer imprisonment for three years without bail.

But if, within four months after the first conviction, the

delinquent should, in open court, publicly renounce his

error, he was to be discharged at once from all disabi-

lities. But even this comparatively mild law could not

well be executed in an enlightened age, and seemed to

be retained merely in ierrorem, until it was at length

repealed in the year 1813. And it is the wish ofmany

in this land of free inquiry, of knowledge, and liberal

sentiment, that our statute books may be entirely re».

cued from the opprobriimn of penal laws in the province

of religion, and that the righU of conscience may be for

ever confirmed, as not controlable by human laws, nor

amenable to human tribunals. See Campbell's Pre-

lim. Dissert, to the Four Gospels, Sfc. ; Suicer** Thes.

vol. i. p. 120, 12t; Lardner's ff 'orks, vol. ix. p. 223,

&c. ; Blackstone's Comment, h. iv. ch. 4 ; Fumeaux Let-

ters to Judge Blackstone, p. 30 ; Pofmlar Refections oh

the Progress of the Princii)les of Toleration, &c. New-
castle, 1814; and Edinburgh Revieiv, No. 51, p. 51,

ct sea. (z)

HERITIER, Chahles Louis L'db BRiiTiLtK,_ an

eminent French botanist, was bom at Paris in 1746.

In the year 1772, he was appointed Superintendant of

the Waters and Forests of the Generality of Pari* ; and.
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with the view of acquiring a knowledge of forest trees,

he applied himself with diligence to the study of bo-

tany. The first work of L'Heritier was entitled Stir-

pes Nova. The first fasciculus, with eleven finely en-

graved plates, appeared in 1784. It was completed in

six fasciculi, containing in all eighty-four plates, with

their descriptions, which were dated in ITSi and 1785,

though they did not appear till some years afterwards.

This circumstance gave rise to a controversy between

the Abbe Cavanilles of Madrid and L'Heritier. In or-

der to secure some of his own discoveries, I/Heritier

published them in the form of monographs, with one

or two plates. The subjects were Louie/tea, Buc/tolzia

Michauxia, Hymeno-papptis, and Firgilia ; and twelve

of each only were printed.

After the Herb<irium of Dombey had been put into

the hands of L'Heritier in 1787, with orders to publish

its contents, the influence of the court of Spain induced

the French government to give orders that the Herba-

rium should be withdrawn ; but I/Heritier having re-

ceived notice of the measure, carried it over to London,

where he remained for fifteen months, chiefly under

the hospitable roof of Sir Josepli Banks. The state of

his country, however, compelled him to return to Pa-

ris ; and at this time the MSS. of his Peruvian Flora

was complete, si.Kty drawings were finished, and many
of the plates engra\'en. During his stay in England,

ha had collected the materials of his Sertian AHgliciim,

an unfinished work, of which he publislied several

fascicub", on the same plan as his Stirpes Nova.
In the year 1775, L'Heritier married Madamoiselle

Dore, who brought him five children, and died in the

year 179 k In the year 1775, he became a Cotiseiller

a la coiir des aides, and was a long time the dean of

that court. After the death of his wife, L'Heritier de-

voted himself to the education of his children ; but liis

hopes were frustrated by the imprincipled conduct of

his son. When he was one evening returning from a

meeting of the National Institute, in August 1800, he

was murdered, and his body was found next morning,

with his money and other articles of value untouched.

No discovery was ever made respecting this barbarous

event ; but suspicions of the most unnatural kind were
confidently entertained. See llees' Cyclopedia.

HEllMANSTADT, Hermenstadt, or SzEBENY, the

Cibinium and Hermanovolis of the ancients, is a town
of Hungary, and the capital of the province of Transyl-

vania. It is situated in a champaign country, near

the river Cibin, oi Szeben, from which it derived the

name of CibtHium and Szebeny. The principal public

buildings are three monasteries for men, and one con-

vent for women. One of the monasteries is for Ex-
•lesuits, another for Catholics of the Franciscan order,

and another for Greek monks of the order of St I3asil.

There is also a theatre, which is open during summer,
a cassino, a public school for Protestants, and another

for Greeks. In the great square there is a statue. The
town is fortified with a double wall and deep moat.

The museum of Baron Bruckenthal, a venerable noble-

man, contains one of the finest collections in Europe
of pictures, antiquities, and natural history. Dr Clarke

has given a very minute description of it. The soap

works of this town have been long celebrated ; and the

tallow candles manufactured here are so white, that

there is a great demand for them at Vienna. The cha-

teau of Freck, in the vicinity of the town, is worthy of

being visited. The town was founded by Herman-
>ms, a Greek emperor. It is well built, large, and
populous, aid contains from 15,000 to 16,000 inhabi-

UmtB. The climate is said to be insalubrious. See
Clarke's Travels, part ii. sect. iii. Supplement, p. 603,
&c. ; and Hermannstndler [lundluiigs, gerverbs-und

Reise-Kalcnder, by M. Hochmeister, 1790.

HERMAPHRODITE, is a living being possessing

the organs of generation belonging to both sexes.

On surveying the origin, the progress, and decay of
the animal creation, there is sufficient reason to infer,

that nature is infinitely more solicitous about jireserving

the different genera and species than the individuals of
the race. Thus where their continuation is required

by mutual concourse, as among the larger and more
perfect creatures of the earth, it is necessary that the

sexual organs of each should be reserved distinct and
entire. Thougli accidental monstrosities ensue in otlier

parts, the animal functions can be carried on, and some-
times with little injury ; but imperfections in that por-

tion of the frame appropriated for procreation, is for the

most part an impediment to the laws which regulate the
reproduction of living beings.

Nevertheless, the sexual organs, like other parts of

animated matter, are liable to exhibit malformation, or

monstrosities ; and hence an idea has originated, that in

man and dift'erent animals, the qualities ofa perfect male
and female may be united in the same individual. The
fables of the ancients have perhaps conspired to give

probability to these opinions. According to their alle-

gories, a son of Mercury and Venus, who had been
fostered by the Naiads of Ida, became enamoured of the

nymph Salmacis, who fled from his embraces. But
lie joined her in a fountain where slie could escape no
longer, and besought the gods that their bodies might
be united in one. His prayers were heard.

" Vota SU05 habuere deos : nam mista duorum
Corpora junguntur, faciesque inducitur illis

Una
Nee duo siuit et forma duplex ncc femina diet

Nee puer ut possint ; neutrutuque et utrumquc videntur."

Ovid Metam. lib. iv. cap. 9.

This androgynous being was thenceforth called Her-
maphroditus, (whence the derivation of hermaphrodite,)
and affords a subject for many beautiful sculptures

from the hands of the ancients, which are still pre-
served.

No question has been more keenly agitated than the

existence of human hermaphrodites ; and the difficulty

of the subject has been greatly increased, by that anxie-

ty with which mankind conceal their nakedness ; and,

by an unjust abhorrence entertained against whatever
seems beyond the standard of ordinary configuration.

The Jews, for example, have a long catalogue of denun-
ciations against persons labouring under disease or infir-

mity, natural or accidental ; and even in the islands

which we ourselves inhabit, monstrous productions of
animals are almost invariably destroyed, as also those of

mankind, where it can be effected with safety. But
the vehemence of civil institutions seems to have been
more conspicuously directed against those unfortunate

beings known to labour under malformation of the sex-

ual organs. At an early period of Roman history, a
law was enacted, that every child of this description

should be shut up in a chest and thrown into the sea

;

and Livy gives an instance where, on some difficulty

with respect to the sex of an infant, it was directed to

be thrown into the sea, ianquam Jiedum et tnrpe prbdi-

gium. Nay, such a visitation seems to have been consi-

dered a mark of divine vengeance, for the execution

was always followed by religious rites. The Jewish law
is extremely solicitous regarding the disposal of herma-

Herma-
phrodite.
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phrodites : the civil and canon law contain numerous
hypotheses and enactments concerning them, and their
succession is provided for by the laws of Knj^land.

The general scope of these laws tends to form regu-
.lations which shall apply according to the apparent
predominance of sex ; ibr the ancient legislators, though
sufficiently aware of this distinction, do not seem to
have admitted hermaphrodites as possessing a complete
duplication of the generative organs. Reiiig undoubt-
edly founded on experience, they cannot be considered

void of interest. The numerous and diversified ordi-

nances of the Talmud divide hermaphrodites into four
classes ; under which aspect they are to be treated part-

ly as male, partly as female ; next, as both male and fe-

male ; and, lastly, as neither male nor female. First,

they are like men, in being obliged to dress in male at-

tire, and marry their brothers widows. Secondly, they
are like women, because they may not converse with
the male sex alone in private ; they may walk among
the dead ; and are prohibited from bearing testimony :

aho, because they may shave their heads after a parti-

cular fashion, and pluck out their beards. Thirdly,

they arc to be esteemed both men and women, from
having tlieir share of the paternal and maternal inheri-

tance, and such other succession, which they may claim

as of either se.\ : the}' may retire to a sanctuary in case

of accidental slaughter, and remain thei'c as if it had
been of either a man or woman; and if it be murder,
they shall be put to death as for killing either a man or

woman. Fourthly, hermaprodites are to be consider-

ed neither man nor woman, by the law of Moses, in

striking or calumniating another, but the judge shall

ordain reparation ; nor in making vows to the Deity,

or in withdrawing from the world to devote themselves

to his service. Many other partitions are made under
these divisions. The canon and civil law displays all

that uncertainty which is the natural offspring of pre-

judice, and tlie want of knowledge. Doubts and ques-

tions are staited, useless to society, and oppressive to

those afferled by them ; and in general they are, as in

the Jewish law, to be solved according to the predomi-
nance of sex. Notwithstanding the numerous and ab-

surd restraints put upon supposed hermaphrodites, it

does not appear that they are precluded from marrying;
on the contrary, if the two sexes in themselves be equal,

a choice of the object is left, while other cases of mar-
riage are regulated by the sexual predominance. How-
ever, should the question be regarding an oath, the or-

dinances of the church seem to declare, that under the

same equality of organization the testimony must be re-

jected. Hermaphrotlites may not be promoted to holy
orders, on account of deformity or monstrosity ; nor

can they be appointetl judges, " because they are rank-

ed among infamous persons, to whom the gates of dig-

nity should not be opened." These are but a few of
the prohibitions levelled against them. Many are cruel

and unnecessary ; and of so singular a kind, that a

learned and humane physician exclaims, " would not

any one conceive, that these supposed androgyni, in-

stead of being of the same nature with us, however
marked and deformed their parts of generation might
be, were rather another race of animals, siii generis, than

what they really are, when a string of laws, compiled
with so much accuracy, and in such a formal manner,
has been exhibited and increased in all ages :" Yet ra-

tional enactments, founded on experience, are by no
means void of utility ; for observance of the law may
prevent contention in all the mazes of doubt. Thtis M,

Ferrein, a motlern phynician, acquaint* o», that he wu ''""T'

consulted by the n-lativcs of « young noblrman, labour-
"

'

'-

ing under a dubious conformation, who, if • male, M
wa« commonly believe*! by them, woid<l inherit a con-

siderable estate, to which he could hnvc no right if lie-

longing to the other Hex. Having afterwnrdu ocnwion

to illustrate the case, we shall not here anticipate the

result. The subject of succetsion i» «loubtIe»« fit for

regidation, and conncqnently must frcnuently be <letcr-

mined by the pre<lomniance of «es. Happily the ab-

surd penal laws, directed against this portion of our fel-

low creatures, are obsolete among us.

We shall now procec<l to the opinions of recent phi-

losophers and naturalists, which afford more copuni'

sources of knowledge and entertainment. These are

widely different from what were received of bid, and

most of the moderns incline to a different opinion : they

doubt whether there is any well authenticate*! instance

of a person having been seen with the organs ot" both

sexes complete.

The origin of sex is in itself a dark and mysterious

subject. That of no living animal can be distinctly re-

cognised at an early period of existence ; and some na-

turalists affirm, that there is reason to Ijelieve that the

organization is such as to admit the evolution of the

parts of the embryo, distinguishing either male or fe-

male ; and that this evolution Ukcs place during some

period of gestation. Thus Ackermann adopts the princi-

ple, that in omni individuo latent utmisqun sfriit genitalia,

amodo diclis dependel circumslantiis an firec an ilia evolri

cl increscere deheant. The cause of evolution, however,

if we rightly understand the author, will scarcely be

admitted by naturalists ; for he seem.* to ascrilie it to

matter of which the presence can only be presumed ;

Discrimen quod a sexu est non absoluium sed ad cetera*

paries respectiwm did debet. Sicul fa-lus vet ex mnleriei

plasticcE excessu vel ex oxygenii abundantia, coatuit, ei

prout in prima uterinw rila epocfia in /otitis incrementum

vires agunt exlranea; ila jam vir jam femina nasctfnr.

Sir Everard Home also appears to consider " the ovum,

previous to impregnation, to have no distinction of sex,

but to be so formed as to be equally fitted to become a

male or female foetus." On descending to the insect

tribes, we find an intermediate kind between the two

sexes, in those called neuters, incapable of generation.

But certain naturalists have shewn, l>y ingenious expe-

periments, that among bees, where this distinctwn is

most prominent, the imperfection may be removetl \ry

a particular sort of foo<l early supplieil, and the sexual

organs of females amply unfolded.

Leaving the subject of proper liermaphrodites, or ^""^
those with the combine<l sexual organs entire and c»- ^^^^
pable of performing the generative functions, we shall ^^^
now give some account of the three classes into which

hermanhrodites mav be divided. First, individuals exhi-

biting'a mixture of the sexual organs neither being coni-

plete ; secondly, men labouring under a malformation of

the parts; and, thirdly, females with iinalogou* impertee-

tions, by enlargement or defect. Kxamples of the first

are extremely rare. Such perhaps is a case mentioned in

Dr Baillie's Mnrhid Anatomy, where the perstm was •->!

years of age, and examined as a patient of Nottingham

hospital ; and such perliaps was an androgynous child,

which is the subject of discussion liy Ackermann. An-

other instance is related in the Journal dc Medicine, of

a person who was long considered a woman, treated a«

such in society, and who was either inarrie<! or lived

in concubinage with a man. At the same time, other*
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Herma- may consider all these as more strictly belonging to the
phroditc.

j.]jjgg ^^f males with malformation. The androgynous
' child of which we speak was born at Mentz in June

1803. Its singularity of structure was supposed indi-

cative of the masculine gender by those present, and it

was baptised as such. JHaving died at the age of five

or six weeks, Ackermann, who had previously inspect-

ed the external configuration, obtained an opportunity

of dissection, though the organs had declined along

with the decay of the body during sickness. He found

an intermixture of the sexual distinctions, removing
the infant from a perfect male or female ; the glans im-

perforate, scrotal labia, an uterine sac, and other doubt-

t"ul indications, of which he has given an ample detail,

illustrated by engravings; and at the same time he ex-

presses his conviction of the androgynous nature of the

subject.

A remarkable case came under the notice of some of

the most learned continental physicians in the preced-

ing century, respecting Michael Ann Drouart, a na-

tive of Paris, born about the year 1734. This indivi-

dual was baptized, treated, and dressed as a girl, but

having attained the age of 16, a report was circulated

of her being a hermaphrodite, which led to a minute
inspection by M. Moraud, who has presented us both

with the result in detail, and several engravings. He
found the external configuration partly masculine, part-

ly feminine, but the former predominated. It corre-

sponded to the age of tlie person, whereas the female

characteristics belonged to a period of childhood, or

early adolescence An organ denoting virility appeared,

but tlie urethra was absent ; neither could he determine

the exact point of a deep fissure, occupying the scite of

the scrotum, into wiiich tlie urine was discharged; and
other medical men were equally unsuccessful. The
breast was quite flat, and it always remained so; the per-

son had the gesture, step, and voice of a youth, some ru-

diments of a beard on the upper lip, and a decided pro-

pensity for females." Yet, says M. Moraud, " there

was a strange intermixture of the sexes in all respects ;

for the bason was more enlarged ; and in comparing the

two thighs together, one resembled that of a male, and
the other that of a female." From these and concomi-
tant circumstances, he formed an opinion that tlie sub-

ject was a male. Michel having left Paris some time
after, underwent another inspection by M. Cruger, prin-

cipal surgeon to the King of Denmark, who was indu-
ced, on the other hand, to consider the female character

predominant ; but he concludes on the whole, that in

strict definition the subject was neither male nor female.

At the age of 21, ^ome Genevese physicians had an op-
portunity of making their observations. The principal

organ now exceeded the ordinary human dimensions
in every respect ; a thin black beard, nearly such as a
young man of that age should have, appeared ; and the
breast and stature were completely those of the same
sex. But now the propensities for males were sup-
planted by those formerly entertained ; for at the age
of 17, those evacuations characterising females of the
human species had commenced, but experienced many
irregularities and interruptions ; and in 1761, had cea-
sed for nearly three quarters of a year. Cotemporary
observers were then inclined to depart from M. Mo-
raud's sentiments, and to believe that there was a predo-
minance of the female sex. However, some of the most
recent authors, and those who have studied the subject
most profoundly, seem to rank Michel Anne Drouart
with hermaphrodites, exhibiting an intermixture of the
sexual organs. M, Ferrein found the appearances in

the more youUiful subject above alluded to, completely
the same as in the preceding individual in the essential

parts. The whole external mien, intimately resembled
tliat of girls at twelve years ofage ; the breast was quite

flat, and the voice rather masculine. The external sex-

ual organ, which would have indicated a male, was
much smaller, though of the same structure as before ;

those of the female were somewh.it misplaced, but the
position of the urethra could be easily ascertained.

Enough was disclosed, to induce M. Ferrein to declare,

that this young nobleman was in fact a female, and
would consecjuently be deprived of the expected inhe-
ritance. If his opinion be correct, the present case
"should be removed to the third class of persons design-

ed hermaphrodites, though, from the doubts of the
learned respecting the former, we are induced still to re-

tain it here. It is not the structure of the sexual parts

which is alone to be taken into view, but the total or-

ganization combined. Tlie personal configuration, the
habit of the body, the presence of a beard, the qua-
lity of the voice, propensities and dispositions, and
other characteristics, added to any uncommon structure

of these parts, shew that some of the male and female
properties are confounded together. At an early period

of gestation, human females are frequently mistaken
for males ; and hence an erroneous opinion has pre-

vailed, of abortions at certain stages being more com-
monly of males. Many such fa-tuses have been exhi-

bited by Dr Parsons and others in illustration of the
fact : and Mr Ferrein concludes his observations on the

preceding case, with words of the following purport:
" If to constitute a hermaphrodite wherein the sexes

are combined, it is necessary to have the distinctive

chiiracter of the male united to the female parts, there

never was any woman who has not been a male during
several months of her existence. In the earlier stages

of pregnancy, that distinctive organ is prominent, and
fashioned very nearly after tlie manner of males, so that

those unskilfid in anatomj', may suppose the embryo
a male, though truly a female ; nor on narrow inspect-

tion is the difference easily ascertained." The possibi-

lity of a complete duplication of the male and female

organs is questioned, from there being no place in the

human body which they could occupy, or wherein they

could be contained. The same difficulty does not oc-

cur to us, and perhaps it can only be admitted where
all the other parts, independent of them, are meant to

be exactly of the natural structure and proportions. If

so intimate a resemblance prevails in tlie sexual parts of

the male and female embryo, something ofan intermediate

kind may be produced, should the position and develope-

ment ofeither bederanged; and thus exhibit an intermix-

ture of sex : or, as we have sometimes witnessed a com-
plete duplication of some essential organ, as the liead,

hands, or feet, the like may happen to other parts. Among
animals, very extraordinary instances have occurred of

some decidedly males, to external appearance, never-

theless possessing female properties, such as the power

of secreting milk. This faculty, indeed, is said in rare

examples to reside in the nipples on the breast of men,

the use of which is yet unknown by anatomists. A bull,

which is reported to liave generated five calves, had a

small udder and small teats, which afforded a quantity

of milk that on one occasion is said to have amounted

to an English pint. In the Philosophical Transaclions

also, there is preserved an account of two wedders gi-

ving suck to lambs. Yet we cannot be too scrupulous

in admitting such wonderful deviations from the course

of nature. At the same time it must be recollected, that

Herm«-
phrtKlite,
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th« rudiments of the mnmmic exist in nil the males of
mankind and qundnipeds ; and that before the affe of
puberty in the former, anti when the powers of pro-
creation cease, there is a more intimate re9€"nd)lancc be-

tween the sexes than at other perio<ls. Nor is it to be
omitted, that emasculation produces ii decided approxi-
mation to the feminine character.—But, in prosecuting

the intermixture of sexes in animals, an example is gene-

rally given in the free martin,on which the late celebrated

Mr John Hunfa-r observes—" VViien a cow brings forth

two calves, and one of them a bull calf and the other

to appearance a cow, the cow calf is unfit for propiiga-

tioii, but the bull calf becomes a very proper bull.

This cow calf is called in this country a />« martin."

Mr Hunter, on dissection, found such an intermixture

of organiaation, that the animal always partakes of the

nature of both sexes, though that of the one is gome-

times more predominant than that of the other. Its ex-

ternal aspect is also different from the ajjpearance of

each, and it never betrays any sexual propensities.

The muscular texture and the voice are peculiar, and
the size is considerably larger than that of either bull

or cow. Apparently there is much analogy between
the free martin and an emasculated animal. Mr Hun-
ter observes, that he has frequently seen hermaj)hrodite

horses ; that he dissected a hermaphrodite ass ; and
that sheep of this description are also to be found. The
dissection of a hermaphrodite dog is given by Sir Eve-
rard Home in the Pkilosophicai Transactions for 1799.

where there was only one characteristic of the female

decidedly present. However, there appear several rea-

sons to conclude, that some of the animals quoted as

nndoubted hermaphrodites, ought rather to be classed

with females laboiu-ing under vicious conformation.

The intermixture of the masculine organs is not suffi-

ciently prominent.

It has been observed, that among wild piieasants, a

hen sometimes appears with the feathers of a cock ; yet,

on dissection, the female organs are found complete.

Mr Hunter conceives, that this is a change which en-

sues at a certain age, and subsequent to the cessation of

the procreative faculties ; and he traces the history of

three, where the alteration took phice. But on descend-

ing still lower among the animal tribes, we find a multi-

tude of beings apparently possessing the absolute charac-

ter ofhermaphrodism. Many of the moUusca contain in-

dividually the perfect organs belonging to either sex,

not by accidental admixture or malformation, but by
regular, natural arrangement. A sexual union takes

place ; all impregnate, and are impregnated ; and, this

ensues by a singular and interesting distribution of the

parts. Such is the case with many of the mollusca,

or soft bodied animals with external organs, and those

in general included imder the order Helminthelogy.

There can be no generation, however, without their

mutual concourse ; but in the animalcula infusoria, some
«eem perfect hermaphrodites, in so far as they propa-

gate in an isolated state, while in others the sexual union

Menis requisite. In the numerous genus of polypi, tlie

young animal protrudes from the side ofthe mother, and
in its turn becomes a parent in the same way, while no

anion with another sex follows ; or, as in the actinia,

the young are formed within, and then discharged by
the mouth. The subject of hermaphrodism may be

still farther illustrated by a series of experiments which

have recently been made on an exti-aordinary race of

animals bearing some analogy to the leech and snail,

called planarus. In one species, the sexual union takes
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place, and the result i« egg« including young. In an.
other, this union is never observed, but portion of
the tail separate* by spontaneous division. It rrmaine
a shapeless mass, and absolutely quiescent, until the
evolution of wanting organs enables it to perrorni all
the functions of the parent. Having remained a rer-
biin time complete, this new animal loses a fragment
of the Uil to become anoUicr perfect being ; and tllM
their race is carried on. These cfMiturcs, thercftm,
seem to pos.ses8 such structure as to enable each indivia
dual to repro«luce its like.

Instances of mixed organs are of very rare occur.
rence in the human race. The most uncommon kind
of configurations, indeed, are those which j>a»» by the
name of hermaphrodism. Tlie older authors, never,
theless, on finding any monstrosities or imperfectiont
in the sexual parts, immediately pronounced the indi-
vidual a hermiiphrotlite ; but as they were consUntly
in search of the marvellous, we mu.st repose the le«
confidence in their observations. Nay, the modem
have, in some cases, too ha.stily bestowed this character

;

and we are told of an instance where " the fore parts of
the unhappy object were entirely wanting ; even the
bladder was not entire. It had the ap|)earance as if the
external parts of generation, and the anterior part of
the bladder, had been cut ofl'. Yet this unhappy ob-
ject was vulgarly called a hermaphrodite."

The malformations of men are more frequently seen Ma«iljn«
and constitute the second class of hermaphrodites. Mr nulforaia-

Brand relates, that being consulted in 1779, on occa- ««»>•

sion ofsome complaint in the groin of a chiki seven years
of age, he found a vicious structure of tlie .>exuBl organ*,
consisting of the unnatural presence of an integument
confining the parts. This cnild had l)een baptized and
brought up as a girl : but it was evident to him erro-

^
neousiy, for the male organs were present. By a slight

incision of the integument, he liberated the restrictetl

parts, and proved, to the great admiration of the pa-
rents, that they had mistaken a boy tor a girl. The
operator narrates these facts in a pamphlet, accom-
panied by three engravings as large as life, of the
appearances before and after the operation. Wris-
bcrg, a German anatomist, in discussing a ca.sc of
malfonnation, quotes an instimce of a child probably
labouring under a similar restriction. The parents,

who were Jews, entertainetl so much doubt regarfling

the sex of tlieir offspring, that they had tlefcrreil the
accustomed rite of circumcision until it should be de-
termined whether it was actually a boy or a girl. But
it died at the age of eight months. The same author
mentions, that he removed a lesser restriction in a
young man ; and speaks of another person ajjeil 46,

reputed a hermaphrodite, who would not consent to

undergo an operation, which, {lerhaps, would easily

have detcnnined his sex. His wife, to whom he haa
been married five years, then obtained a divorce against

him, on account of impotency. An example of a mis-

take in sex under more doubtful circumstances, is given

by Abraham Kauu Boerhaave, a member of the Peter»>

burgh Academy of Sciences. The child of a trumpeter

was baptized Charlotte, and for some time brought up
and treated as a girl. But the parents afterwards enter-

tained some doubts regarding its real sex, and at the

age of seven resorted to skilful persons to establish the

truth. Instead of being a girl, as had been sup|>o-

sed, it was declared to be a boy. Sex, however, i<

much more doubtful, though the predominance of or-

ganization indicates the male, where the scrotum ii

5 c
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absent, with a fissure in the perinaeum, or a misdi-

rection of the urethra. In the Transactions of the

Academy of Siena, a person named Augustine Broli,

is described as being reputed a hermaphrodite, and

having so httle of the male configuration, that he doubt-

ed whether he ought to marry. On consulting Dr
Caluri, however, he was assured he might do so with

safety. If the description be correct, procreation was
impossible. Persons have been mistakenly educated

sma employed as of a sex to which they did not be-

long. This was the case with a young man who was
brought up and dressed as a woman, yet after he died

he was found to be essentially a man. Caspar Bauhin,

likewise, speaks of a servant hired by a peasant, who
being viewed with remarkable favour by his wife, led

to an unexpected discovery of sex, under a malforma-

tion. An instance of doubtful sex, though more pro-

bably referable to the third class, is quoted by Acker-
,mann, in the case of Dorothea Derrier. Here opposite

opinions were entertained by three medical men, Hufe-
land, Mursinna, and Stark, from tlie sexual formation

conjoined with the general character of the whole body.
The malformation of the male seems to be much more
uncommon in animals, or perhaps it has attracted less

attention.

Bift the tliird class into which beings with a preter-

natural sexual structure may be divided, namely, fe-

males with malformations, is the most comprehensive of

the whole. Nay, there are reputable authors who in-

clude all the rest under it, maintaining, that among
the human race especially, the issue of every question-

able case is, proving the subject a woman. Alany ex-

amples are collected by Dr Parsons, to whose Mecha-
nical and Critical Enquiri/ into the Nature of Herma-
phrodites, we shall refer for the detail. The females of
this class are sometimes designed the macroclitoridea;,

from the preternatural enlargement tliey exliibit, and
which is frequently such as to assume tiie appearance
of virility, even in an adult. In the warmer climates,

this being more usual, though probably not to a great
extent, but attended with otlier circumstances, the
operation of excision, concerning which the reader may
consult the eastern travellers Niebuhr, Bruce, and
Browne, is resorted to. Yet this malformation gene-
rally has other concomitants, either in corresponding
restrictions in the rest of the sexual organization, flat-

ness of the breast, woolliness on the chin, or a hoarser
voice than bekjngs to females. De Graaf, a celebrat-

ed anatomist, mentions a female child which, from a
preternatural enlargement, had been taken for a male,
and baptized as such. It died, and he, along with se-

veral physicians and surgeons, having obtained an op-
portunity of dissecting the body, first had a drawing
made of the external appearance ; and then proceeding
to a more strict exannnation, pronounced the organs
those of a female only. An account has been given
of a hermaphrodite in Fiance, which merits parti-
cular attention, either in establishing the fact of her-
maphrodism, or in illustrating how the learned may
be deceived. Towards the year 1C86, a maid-ser-
vant, named Margaret Mauluse, born near Tolouse,
was brought to the hospital of that city. She was
about 21 years of age, with a feminine mien and
appearance, a handsome face, and agreeable expres-
sion, her bosom welPformed, but she presented the
male sexual organization, intermixed with the female
structure. The evacuations peculiar to the sex were
regular and abundant, as was testified by the attending
physician ; and^ according to what he understood, the

secretions denoting virility were proportionally copious. Hemu-.
These facts being known to several physicians, the vi- phrnUita

cars general were consulted on the subject, and the re- '"nc'*
suit was to compel the hermaphrodite to adopt the
apparel of a man, under the name of Arnaud Mauluse,
and to learn some profession. We are further told, that
those concerned had no difficulty on the point, because
" the hermaphrodite was sufficiently capable of the
functions of a man, but of none belonging to a wo-
man." Notwithstanding the necessity of compliance,
however, this individual seems to have been dissatis-

fied with such a compulsory change of sex, and not
finding it congenial to her nature, she afterwards so-

licited tlie king's permission to resume female attire.

Some persons have supposed, that she merely exhibit-

ed n prolapsus uteri of an unusual form. Even with-
in these few years, a woman was shewn as a herma-
phrodite in London, pretending to the capacities of
a male, who suffered under the same disease. The decep-
tion was detected, but not until a large sum had been
realized by her, when she changed her abode. How-
ever, the enlargement exciting the idea of the presence
of virility, is beyond dispute in adult females. Realdus
Columbus says, a gipsey ,whom he conceived to be a her-

maphrodite, requested him to perform an amputation
of the superfluous organization, which he declined from
apprehensions of danger. Between 1 730 and 1 740, an
African slave being brought from Angola to Bristol,

and carried from thence to London, was exhibited as a
liermaphrodite. She was about 26 years of age, pre-

sented nothing masculine in voice or appearance, but
exhibited the like enlargement as before, attended with
some other slight malformations. Dr Douglas made
drawings of the whole ; and Mr Parsons having also

seen the individual, concluded that she was absolutely

a female. In the year 1750, a French woman, aged
1 8 years, was shewn also in London as a hermaphro-
dite, with what was called, " an inordinate enlarge-

ment" of the organ, and corresponding restrictions of

a preternatural appearance. Sir Everard Home speaks

of a Mandingo woman, carried from Africa to the East
Indies, with flat breasts, a rough voice, and masculine

countenance ; who exhibited, besides, all the appear-

ance of virility in enlargement, while the rest of the

sexual organization seemed in the natural state.

It is exceedingly probable that almost the whole ani-

mals vulgarly esteemed hermaphrodites are of this class,

females with malformations ; because whatever uncer-

tainties prevail, there is always a decided predominance
of the latter sex, though the masculine nature be very

obscure. From these and similar uncertainties, a change
of sex is said to have sometimes ensued in mankind. Nor Reputed

is it improbable that this was firmly credited, since a dis- cliangc of

eased female may, to cursory inspection, manifest the ^'^'^•

semblance of virility. This imaginary change is most
usually of women into men, and rarely of men into

women. However Caspar Bauhin relates, that a child

was baptised as a boy, became a soldier, and married a

woman, with whom he lived seven years. But the

supposed husband himselfbecoming pregnant, was most
unexpectedly delivered of a daughter ; and upon an in-

vestigation by the magistrates of the place of his resi-

dence, it appeared there was a malformation, never

disclosed by tlie wife, and that the husband had on

some occasion cohabited with a Spaniard. Thus the

person supposed to be a male, proved in fact to be a fe-

male. Another instance, which seems to have been first

related by Dr Douglas, an eminent anatomist, happened

in London, where one of two waiters living in a tavern
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Benna- in like manner became pregnant by the otlier, to the
phrocHte. great astonishment oftlie neighbourhood, at the reputed

change of sex ; and her dress was tlienccforward chan-
ged to that of a female. The examples above given, shew
that it is possible to mistake the sex of an infant from
preternatural organization, but that the real nature of
the individuals may be disclosed with the evolution, il'

we may so call it, of the sexual propensities.

The masculine and feminine character is deeply in-

fluenced by the state and condition of those organs
which nature has appropriated for the perpetuation of the
species. Thus the analogy between the sexes, hardly
separable in the embryo, is infinitely greater during
childhood, before the complete devclopement of the
generative faculties, and after the procreative powers
have ceased, tlian in the intermediate period. A cor-

responding analogy is produced by tiie destruction of
the essential parts, or by their vitiated expansion.
The eunuch is weak and timid, the beard is want-
ing, the voice shrill, and he seldom possesses a vigor-

ous intellect. His whole personal configuration and men-
tal disposition are approximated to those of females.

On the other hand, where the essential organization of
women is injured, there is some tendency by nature
to remove them from their original sex. Cases of this

kind can seldom occur, but such was the effect in

the necessary extirpation of an ovary on account of dis-

ease ; and also in another instance where the full devc-
lopement of the ovaries had not ensued. It is impossible

to admit the last class of hermaphrodites, females with
preternatural enlargements, accompanied by a hoarse

voice, indications of a beard, flat breasts, and masculine
propensities, along with women exhibiting none ofthese
peculiarities. They are somewhat removed from fe-

males, as men whose person and mind are of a corre-

sponding description, are somewhat removed from the

entire and vigorous sex. The difference arises from
sexual organization. It has also been conjectured by
some learned authors, as Wrisberg, that women of
masculine manner and appearance, and men exhibiting

an extraordinary degree of effeminacy, may be divided
into two distinct classes, the former characterised by
ten, the latter by six peculiarities, among which sterili-

ty is common to both. These he supposes to be de-

pendent on sexual organization; and it is worthy of
remark, that weakness of intellect is almost invariably

concomitant on the imperfect expansion of the genera-

tive parts, whether this is prevented by natural infir-

mity, or by violence in childhood.

Perhaps all the varieties of configuration which we
have thus endeavoured to reduce to three classes, may
be ranked in general under monstrosities. Nothing
can be more interesting than to investigate the elements
ofsexual distinction. In whatever manner the expansion
of these elements may be deranged, the result is mon-
strosity, as in other cases, by excess or defect, or some
unnatural combination of what would constitute a male
or female imperfectly developed. This vicious configu-

ration, though for the most part the lot of some solitary

individual, as other monstrosities, prevails in families

where there are also perfect beings. One instance is

given by Kauu Boerhaave in two young Siberians, and
another by Sir Everard Home, in two children born

in Devonshire. The latter were males with malforma-*
lions : They were idiots, and they were of an uncommon
size. The parents had an intermediate child, who was a

perfect girl. SeeAckermami InJ'atUis Androgyni Hisioria.
Ualler Commentalio ap. GMingen Transact, torn. i. ^•-
I'j Comment. Academ. Fclropotit. torn. i. and xvi. MC'

1.

moires detAcademic Rof/aU, 1720—1726, and 1750,
17.'>f), 1"G7. Phitotnjihical Transaclioiu, 1751, I799
I80.'>. Parson's £'nouirr/. Hrand'n Cate ot' a Bow uAoof a Bowteko

the Animal

Enquiri).

had been mistalitn for a Girl. Ilunttr On
Economy, p. 4.'). I'ficnomena of I'lannriie. (c)
HKRMOPOLIS. See Civil Archimcturj, toI.

vi. p. 573, col. 2.

HERNIA. Sec Siinr.ERv.

HEIlOn, King of Judea, gumamcd the Great, on
account of his power and talentu, a* it frequently hap-
pens, rather than of his virtues, was the second »on of
Antipater tlie Iduma>an, and was bom at Ascalon in
Judea, about seventy years before tlie Christian a-ra. At
the age of twenty-five, he was appointed by his father
to the government of Galilee, where he distinguishefl
himself by the suppression of a band of robbcrit, and
the execution of their leailer Hezekiah, with several of
his comrades. Having performed this service of his
own authority, and executed the culprits without even
the form of trial, he was summoned to answer for his
conduct before the Sanhedrim ; but he escape<I Inrth

punishment and censure, through the strength of his

party, the zeal of his friends, and his own abilities and
dexterity.

In the civil wars of Rome, Herod at first embraced
the party of Brutus and Cassius, and was, in conse-
quence, made governor of Ca-lesyria; and, after their

death, when Mark Antony arrived victorious in Syria,

he and his brother contrived to ingratiate themselves
with him, and were appointed tetrarchs in Judea. But
in a short time afterwards, in consequence of an inva-

sion by Antigonus, who was assisted by the Jews, He«
rod was compelled to make his escape from Jerusalem,

and to retire, first to Idumaca, and then to Egypt. He
at length arrived at Rome, and upon occasion of a dis-

puted succession to the crown of Judea, between the

two branches of the Asmodean family, he found means,
through his own intrigues, and the influence and power-
ful recommendations of Mark Antony, to obtain a de-

cree of the senate, conferring that kingdom upon him-
self. Immediately thereafter he repaired to Judea, and
in the course of about three years, succeeded in getting

possession of the whole country. But this success was
not obtained without blootlshed. The throne was at

that time in the possession of Antigonus ; and although

aided by the Roman army, Herotl was obliged to lay

siege to Jerusalem, which held out for six months,

when it was at length carried by assault, and a great

slaughter made of the inhabitants. Antigonus was

taken prisoner and put to death. The attention of He-
rod, upon assuming the government, was first directed

towards the replenishing of his treasury, and repressing

the Asmodean faction, by whom he was regarded as an

usurper. In the pursuit of these objects, he was guilty

ofmany oppressive acts of extortion and cruelty. Soon

after this, an accusation was lodged against him before

Mark Antony by Cleopatra, who, it is said, was in-

fluenced, upon this occasion, by his mother-in-law,

Alexandra. Having been summoned to appear before

the triumvir, to answer to the charges exhibited against

him, he contrived, by great pecuniary sacrifices, to make

his peace witli Antony, and returned in high credit

to his kingdom. It was upon this occasion tliat he dis-

played that conflict of passions, which for ever embit-

tered his domestic life. Being distractedly fond of his

wife Mariamne, and unable to endure the thoug t of

her falling into the lianils of another, he exacted a Milenin

promise trnta Joseph, whom he appointed to govern in

His absence, that if the accusation should prove faUl

Htni.
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Herod, lo him, he would put the queen to death. Joseph dis-

-"^/'"^ closed the secret to Mariamne, who, indignant at this

savage proof of his affection for her, conceived from

that moment a deep and settled aversion to her hus-

band. Upon his return, some hints were thrown out

respecting Joseph's familiarity with Mariamne during

his absence. These suspicions he communicated to his

wife, who immediately recriminated, and upbraided

liim with his cruel order concerning her. His fury

then became unbounded. He put Josepli to death for

betraying the secret confided to him, and threw his

mother-in-law Alexandra, into prison. About this time

he received a visit from Cleopatra, who is said to have

entertained amorous inclinations towards him. These,

however, Herod did not gratify, but endeavoured to

glut her avarice with profuse donations.

In the war which broke out between Antony and
Octavius, Hero<l levied an ai*my for the support of the

former ; but was obliged first to encounter Malchus,

king of Arabia, whom he defeated and compelled to

sue for peace. After the decisive battle of Actiuni, his

great object was to make terms with the conqueror

;

and, as a preliminary step, he put to deatli Hyrcan,
the only surviving male of the Asmodean family. Ha-
ving taken this precaution to secure himself, he em-
barkefl for Rhodes, and appeared before Augustus in

all the ornaments of royalty excepting his diadem.
With all the appearance of noble and ingenuous confi-

dence, he related the faithful services he had perform-

ed for his benefactor Antony, and hinted that he was
ready to transfer his gratitude and allegiance to a new
patron, from whom he should hold his crown and king-

dom. Augustus was struck with the apparent magna-
nimity of this defence of his former conduct, and re-

placed the diadem on the head of Herod, who conti-

nued to be the most favoured of his tributary sove-
reigns.

But the good fortune which Herod experienced, as a
prince, was poisoned by domestic broils, and particu-

larly by the insuperable aversion of his wife Mariamne,
whom at length he brought to trial, convicted, and ex-
ecuted. She submitted to her fate with all the intre-

pidity of conscious innocence, and was sufficiently

avenged by the dreadful remorse of her husband, whose
peace of mind was for ever afterwards destroyed. In
vain did he endeavour to banish her memory by scenes
of dissipation and cruelty : the charms of his beloved
Mariamne haunted him wherever he went; and he
would frequently call aloud upon her name, as if will-

ing to forget that she was no longer among the living.

At times he would fly from the sight of men ; and on
his return from solitude, which was ill suited to a mind
stricken with the consciousness of guilt, he became more
brutal and ferocious than ever, and in his fits of phrenzy
spared neither friends nor foes. Alexandra, who had al-
ways exhibited the utmost malignity towards her daugh-
ter, fell the unpitied victim of his rage. At length he
appears tij haverecovered some portion ofself-possession,
and ernployed himself in projects of regal magnificence.
He built at Jerusalem a magnificent theatre and amphi-
theatre

; in which he caused games to be celebrated in
honour of Augustus ; to the great displeasure of the
zealous Jews, who discovered Gentile profanation in
the theatrical ornaments and spectacles. These, and
other oflFensive acts, excited a most serious conspiracy
agamst him, which he, fortunately for himselt; disco-
»ered, and exercised the most brutal revenge on all the
par^ea concej-ned in it. He next built Samaria, which

he named Sebastc, and adorned with the most sump' Hewd.

tuous edifices ; and for his security, he erected sevei-al

fortresses throughout the whole of Judea, of which the
principal was called Caesarea, in honour of the emperor.
At the dedication of this last new city, he displayed
such profuse magnificence, that Augustus said, " his soul

was too great for his kingdom." The same taste for

sumptuous magnificence was exhibited in his palaces,

on which he lavished the most costly materials and
workmanship. To supply the place of !iis lost Ma-
riamne, he married another wife of the same name, the
beautil'ul daughter of a priest, whom he riiised to the
high rank of the supreme pontificate. His two sons
by the first Mariamne lie sent to be educated at Rome,
and so ingratiated himself with Augustus and his mi-
nisters, that he was appointed imperial procurator for

Syria.

With the view of acquiring popularity among the
Jews, and of exhibiting an attachment to their religion,

he undertook the vast enterprize of rebuilding the tem-
ple of Jerusalem, which he completed in the course of
about a year and a half, in a noble style of magnificence.
During the progress of this work he visited Rome, and
brought back his sons, who had grown up to manhood.
These, however, at length conspired against their fa-

ther's person and government; and were tried, con-

victed, and executed. It was in reference to this trans-

action that Augustus is reported to have said, tliat " it

was better to be Herod's hog than his son."

In the thirty-third year of his reign, occurred the
memorable event of the birth of our Saviour; upon
which occasion, according to the Gospel of St Matthew,
the jealousy of Herod was so highly excited by the pro-
phetic intimations of the future greatness ofthe Messiah,

that he slaughtered all the infants in Bethlehem, in hopes
of destroying him among the number. About this time
Antipater returning from Rome, was arrested by his fa-

ther's orders, and accused of treasonable practices. He
wasfound guilty ofconspiringagainst the life ofthe king.

This and other calamities, combined with a guilty con-

science preying upon a broken constitution, threw the

wretched monarch into a loathsome and mortal disease,

wliich has been represented by historians as a just judg>
ment of heaven for the many foul enormitiesand impieties

of which he had been guilty. In truth, his cruelty ap-

peared to increase as he approached the termination of
his career. A premature report of his death caused a
tumult in Jerusalem ; and those wlio had been impru-
dently concerned m it, were immediately seized, and
put to death, by order of the dying king. He also

caused his son Antipater to be slain in prison, and his

remains to be treated witli every species of insult and
ignominy. Even on his death- bed, he had plaimed a
scene of more atrocious cruelty than he had ever devised

or attempted at any former period of his life. He sum-
moned the most considerable persons among the Jews
to Jericho, and caused them to be shut up in the hip-

podrome, or circus, and gave strict orders to have them
all massacred, as soon as he should tiave expired.
" This," said he, " will provide for my funeral all over

the land, and make every family in the kingdom la-

ment my death." Fortunately, however, this savage or-

der was not executed by those to whom it was en-

trusted

Herod expired in the sixty-eighth year of his age,

and the thirty-fourth of liis reign. He bequeathed his

kingdom to his son Archelaus, and left tetrarchies to his

two otlier sons. The character of this monarch exhibits

8
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a combination of great talents and great vice*. The
success which nttemled his eiiterprizes, and which shed
n fiilse thou^ii dazzling histre around his frovernnicnt,

lias (jiven him an eminent rank in the list of sovereigns

;

while the savage disposition, which appears to have ta-

ken delight in the most revolting and horrible acts of
cruelty, nas consigned his memory to merited detesta-

tion. He was the first, it may be remarked, who shook
the foundations of the Jewish government. He appoint-

ed the high priests and reraovcfl tliem at his pleasure,

without any regard to the laws of succession ; and he
entirely desitroyed the authority of the national council.

In short, his reign was similar to that of most able ty>

rants ; splendid and glorious to outward appearance,

but, in reality, destructive of the pro.sperity of ihe king>

dom over which he presided. See J sephus, PrKleaux,

Lardner ; U'dvcrs. Hist. ; and Grn. Biog. Diet. {z\

HERODOTUS, the most ancient of tlie Greek his-

tprians whose works are extant, and thence called by
Cicero the Father of History, was born at Halicarnas-

sus in Caria, in the first j-ear of the 74.th Olympiad, or

about 484 years B. C. The name of his father was
Lyxes; that of his mother Dryo The city of Hali-

camassus being at that time oppressed by t he tjTanny

of Lygdarais, grandson of Artemisia, Queen of Caria,

Herodotus quitted his country, and retired to Sanios
;

from whence he travelled over Egypt, Greece, Italy,

&c. collecting every where all the information he could

procure concerning the origin and history of nations.

He then began to digest the materials he had thus col-

lected, and composed that history which has preserved

his name and reputation even to our times. He is ge-

nerally supposed to have written it in the island of

Samos, where he studied the Ionic dialect, in which
his history is composed ; his native dialect being the

Doric. He afterwards revisited his native place, and is

said to have greatly displeased and irritated his coun-
trymen, in consequence of having contributed, by his

influence, to the overthrow of the government, and the

expulsion of the tyrant Lygdamis, which obliged him
again to go into exile. When he had attained his

thirty-ninth year, he was induced, by the desire of

fame, to recite his history to the people assembled at

the Olympic games. It was received with universal

applause, and procured him a general and permanent
celebrity throughout all the states of Greece. The
place and period of his death are uncertain ; but it is pro-

bable that he died in exile in a town of Magna Grwcia.

The history of Herodotus embraces a period ofabout

240 years, from the time of Cyrus the Great, to Xerxes ;

and contains, besides the transactions between Persia

and Greece, a sketch of the affairs of other nations, as

of the Lydians, lonians, Lycians, Egyptians and Mace-
donians The work is divided into nine books, which

are called alter the nine muses, not by the historian

himself, but, as it is thought, by the Greeks at the

Olympic games, when they were first recited, as a com-
pliinent to the author.

As an historian, Herodotus has been generally cen«

sured far lietraying too great a partiality for the mar- HcnJalM.
vellous. Rut it may be remurked in hit juatifiatMR, 'mi-) ^''

lino, Thnt the truth of many of the phyaical phctxxne-
na which he relates, and which were considered • in-

credible prodigies by the ancient writcrt, hai been
abundantly confirmed by mo<lem diacoverie* ; and, ido.
That Herodotus compiled a great part of his hiitorr
from popular traditions, and expressly caution* hu
readers against an implicit belief of many of the won-
derful tilings he relates upon the authority of mere
hearsay. And it is an argument much in favour of
this ancient writer, that his chronology require* leu
correction, according to Newton's Canons, than that of
any of the subsequent (rreek historians. With respect
to those great transactions which took place in Greece
after his own birth, he is generally thought to be wor-
thy of credit ; and the publication of his work, at a ge-
neral as'tembly of the nation, may be considered a*

voucher for his veracity. He has, nevertheless, been
suspected of partiality in (lartiailar instances ; and Pin-

tarch. the most formidable of his critics, wrote a small

treatise On the Malignity oj Ilerodotttt, in which he
expressly taxes him with injustice towards the The-
bans and Corinthians, and, indeed, towards the Greek*
in general. His history, however, is still accounted

one of the most precious relics of antiquity. The *

greatest inconvenience attending the perusal of this

historian, results from his method and arrangement,
which are extremely awkward, irregular, and discur-

sive ; some entire histories being introduced, by way of
parenthesis, in the bodies of others. His style is easy,

graceful, flowing, and copious even to exuberance. Its

chief excellence lies in narrative, as it seems to want
force and conciseness for sentiment and remark, in

which he is surpassed by Thucydides. Herodotus is

esteemed the model of the Ionic, and Thucydides of
the Attic dialect

Besides this work, Herodotus is supposed to have

written an history oif Assyria ; which, if it was ever

published, (which seems doubtful,) is now lost. The
Life of Homer, which is usually printed at the end of

his works, has also been ascribed to Herodotus ; but

the best critics are of opinion that it is the production

of a different author.

The two best editions of Herodotus are that of Wcs-
seling, fol. Amsterdam, 1 763 ; and that of Glasgow, in

9 vols. 12mo. 1761. A very excellent edition of Hero-

dotus, in Greek and Latin, was published in Edinburgh

by Mr Laing, in 7 vols. 12mo, in the year IH06', cor-

rected by Professor Porson and Professor Dunbar. The
edilio princeps is that of Aldus, Venet fol. 1502. There

are two English translations of this historian ; the one

by Littlebury, in 2 vols. 8vo. and the other by Mr
Beloe, in 4 vols. 8vo. with many u>eful and entertain-

ing remarks and annotations. 'I'here is also an excel-

lent French translation, with veir learned notes, by M.
Larcher. The geography of Herodotus has been ex-

amined and explained by the ingenious Major Renaell,

in one volume Ito, lUOO. (z)
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